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Preface


We are proud to introduce the sixth edition of the orthopaedic best seller, Review of Orthopaedics. Although we are not sure how one substantiates this claim, this edition is perhaps the most revised edition of a textbook in the history of orthopaedic surgery, if not all of medicine! In response to our first-ever competitive text, we have radically updated and revised every chapter in this popular book. We started with the format, abandoning the cumbersome strict outline, and instead adapting an easier-to-follow bullet style. In addition, we added Testable Concepts to help with in-training and board preparation. We then focused on content and painstakingly updated each chapter, paying close attention to reader feedback from previous editions of this work. We added many additional figures, focusing on “composite figures” originally introduced in the first edition of this text and would like to recognize and thank the outstanding team of medical illustrators who brought our vision for this portion of the text to life. Their work on this text has transformed fragments of ideas into beautiful illustrations that aid readers even more than the written word (after all, a [good] picture is worth more than a thousand of them!). Lastly, the addition of color to the majority of the figures provides a visual enhancement to render content and procedures more detailed and understandable. The accompanying website includes the fully searchable text, all references linked to PubMed, questions and answers, and a supplemental image collection.


After five editions of a textbook, it is helpful to invite some fresh new talent to the mix. Dr. Stephen Thompson, who began as a “volunteer” and ended up as an associate editor, played a major role in breathing new life into the book. Jennifer Hart, as always, was also invaluable as an associate editor and collaborator. In addition, we gratefully acknowledge and appreciate the tremendous efforts of the chapter authors in revising this edition. The reader will note the addition of several new authors and co-authors, all of whom played a vital role in our major overhaul of the text. Finally, we are deeply indebted to the editors and staff at Elsevier, Dolores Meloni, Virginia Wilson, Joan Ryan, and their team for their insight, guidance, and contributions to this edition. So … what’s new about Review 6? Everything!





The writer does the most, who gives the reader the most knowledge and takes from him the least time.


C.C. Colton, Lacon, Preface


[From the preface for the first edition, 1992]





(Note: Bold text indicates material that is particularly important or has appeared on previous examinations. The highlighter icon indicates figures or tables that contain highly testable content.)
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section 1 Bone







I HISTOLOGIC FEATURES OF BONE




A Types (Figure 1-1; Table 1-1)




Table 1-1


Types of Bone


[image: image]


Modified from Brinker MR, Miller MD: Fundamentals of orthopaedics, Philadelphia, 1999, WB Saunders, p 1.







[image: image]


Figure 1-1 Types of bone. Cortical bone consists of tightly packed osteons. Cancellous bone consists of a meshwork of trabeculae. In immature bone, unmineralized osteoid lines the immature trabeculae. Pathologic bone is characterized by atypical osteoblasts and architectural disorganization. (Colorized from Brinker MR, Miller MD: Fundamentals of orthopaedics, Philadelphia, 1999, WB Saunders, p 2.)







1. Normal bone: lamellar, either cortical or cancellous


2. Immature and pathologic bone: woven; more random, more osteocytes, increased turnover, weaker




[image: image] Lamellar bone is stress oriented; woven bone is not.





3. Cortical (compact) bone




[image: image] Constitutes 80% of the skeleton


[image: image] Consists of tightly packed osteons or haversian systems




[image: image] Connected by Haversian (or Volkmann’s) canals


[image: image] Contains arterioles, venules, capillaries, nerves, possibly lymphatic channels





[image: image] Interstitial lamellae: between osteons




[image: image] Fibrils connect lamellae but do not cross cement lines.


[image: image] Cement lines define the outer border of an osteon.




[image: image] Bone resorption has stopped, and new bone formation has begun.








[image: image] Nutrition provided by intraosseous circulation




[image: image] Canals and canaliculi (cell processes of osteocytes)





[image: image] Characterized by slow turnover rate, higher Young’s modulus of elasticity, more stiffness





4. Cancellous bone (spongy or trabecular bone)




[image: image] Less dense, more remodeling according to lines of stress (Wolff’s law)


[image: image] Characterized by high turnover rate, smaller Young’s modulus, more elasticity








B Cellular biology (Figure 1-2)




[image: image]


Figure 1-2 Cellular origins of bone and cartilage cells.







1. Osteoblasts




[image: image] Form bone by generating organic, nonmineralized matrix




[image: image] Appear as cuboid cells aligned in layers along immature osteoid





[image: image] Derived from undifferentiated mesenchymal stem cells




[image: image] Have more endoplasmic reticulum, Golgi apparatus, and mitochondria than do other cells (for synthesis and secretion of matrix)


[image: image] RUNX2 is a multifunctional transcription factor that directs mesenchymal cells to the osteoblast lineage.





[image: image] Bone surfaces lined by more differentiated, metabolically active cells


[image: image] “Entrapped cells”: less active cells in “resting regions”; maintain the ionic milieu of bone




[image: image] Disruption of the active-lining cell layer activates entrapped cells





[image: image] Osteoblast differentiation in vivo effected by the following:




[image: image] Interleukins


[image: image] Platelet-derived growth factor (PDGF)


[image: image] Insulin-derived growth factor (IDGF)





[image: image] Receptor-effector interactions in osteoblasts (Table 1-2)




Table 1-2


Bone Cell Types, Receptor Types, and Effects


[image: image]


mRNA, messenger RNA; PTH, parathyroid hormone.





[image: image] Osteoblasts produce the following:




[image: image] Alkaline phosphatase


[image: image] Osteocalcin


[image: image] Type I collagen


[image: image] Bone sialoprotein


[image: image] Receptor activator of nuclear factor κB (NF-κB) ligand (RANKL)





[image: image] Osteoblast activity stimulated by intermittent (pulsatile) exposure to parathyroid hormone (PTH)


[image: image] Osteoblast activity inhibited by tumor necrosis factor-α (TNF-α)


[image: image] Certain antiseptics toxic to cultured osteoblasts:




[image: image] Hydrogen peroxide


[image: image] Povidone-iodine (Betadine)


[image: image] Bacitracin (believed to be less toxic)








2. Osteocytes (see Figure 1-1)




[image: image] Maintain bone


[image: image] Constitute 90% of the cells in the mature skeleton




[image: image] Former osteoblasts surrounded by newly formed matrix





[image: image] High nucleus/cytoplasm ratio


[image: image] Long interconnecting cytoplasmic processes projecting through the canaliculi


[image: image] Less active in matrix production than are osteoblasts


[image: image] Important for control of extracellular calcium and phosphorus concentration


[image: image] Directly stimulated by calcitonin, inhibited by PTH





3. Osteoclasts




[image: image] Resorb bone




[image: image] This activity occurs both normally and in certain conditions, including multiple myeloma and metastatic bone disease.





[image: image] Multinucleated, irregular giant cells




[image: image] These cells are derived from hematopoietic cells in macrophage lineage.


[image: image] Monocyte progenitors form giant cells by fusion.





[image: image] Possess a ruffled (“brush”) border and surrounding clear zone




[image: image] Border consists of plasma membrane enfoldings that increase surface area for resorption.





[image: image] Bone resorption occurs in depressions: Howship’s lacunae




[image: image] Formation and resorption are linked (“coupled”).


[image: image] Resorption occurs more rapidly.





[image: image] Osteoblasts (and tumor cells) express RANKL (Figure 1-3), which acts as follows:




[image: image]


Figure 1-3 Control and function of the osteoclast. OPG, osteoprotegerin; PTH, parathyroid hormone; RANKL, receptor activator of nuclear factor κB ligand; Vit, vitamin.







[image: image] Binds to receptors on osteoclasts


[image: image] Stimulates differentiation into mature osteoclasts


[image: image] Increases bone resorption


[image: image] Inhibited by osteoprotegerin binding to RANKL





[image: image] Synthesize tartrate-resistant acid phosphate


[image: image] Bind to bone surfaces through cell attachment (anchoring) proteins




[image: image] Integrins, specifically αvβ3 or vitronectin receptor


[image: image] Effectively seal the space below the osteoclast





[image: image] Produce hydrogen ions through carbonic anhydrase




[image: image] Lower pH


[image: image] Increase solubility of hydroxyapatite crystals


[image: image] Organic matrix then removed by proteolytic digestion through activity of the lysosomal enzyme cathepsin K





[image: image] Have specific receptors for calcitonin




[image: image] Calcitonin inhibits osteoclastic resorption.





[image: image] Interleukin-1 (IL-1)




[image: image] Potent stimulator of osteoclast differentiation and bone resorption


[image: image] Found in membranes surrounding loose total joint implants


[image: image] In contrast, interleukin-10 suppresses osteoclasts





[image: image] Bisphosphonates




[image: image] Inhibit osteoclastic bone resorption.




[image: image] They have a direct anabolic effect on bone.





[image: image] Categorized into two classes on the basis of presence or absence of a nitrogen side group




[image: image] Nitrogen-containing bisphosphonates are up to 1000-fold more potent in their antiresorptive activity.





[image: image] Nitrogen-containing bisphosphonates




[image: image] Zoledronic acid (Zometa) and alendronate (Fosamax) are examples.


[image: image] They inhibit protein prenylation within the mevalonate pathway, blocking farnesyl pyrophosphate synthase.


[image: image] This results in a loss of guanosine triphosphatase (GTPase) formation, which is needed for ruffled border formation and cell survival.





[image: image] Non–nitrogen-containing bisphosphonates




[image: image] Metabolized into a nonfunctional adenosine triphosphate (ATP) analog, inducing apoptosis





[image: image] Decreases skeletal events in multiple myeloma


[image: image] Associated with osteonecrosis of the jaw


[image: image] Orthopaedic implications of bisphosphonate use:




[image: image] Spine




   [image: image] Reduced rate of spinal fusion in animal model; withholding bisphosphonate is recommended after surgery





[image: image] Hip and knee




   [image: image] Safe for use in cementless hip arthroplasty and cemented knee arthroplasty


   [image: image] May decrease rate of acetabular component subsidence





[image: image] Fracture healing




   [image: image] No good data to recommend for or against use














4. Osteoprogenitor cells




[image: image] Originate from mesenchymal stem cells


[image: image] Become osteoblasts under conditions of low strain and increased oxygen tension


[image: image] Become cartilage under conditions of intermediate strain and low oxygen tension


[image: image] Become fibrous tissue under conditions of high strain


[image: image] Line Haversian canals, endosteum, and periosteum




[image: image] Awaiting the stimulus to differentiate








5. Lining cells




[image: image] Narrow, flattened, “resting” osteoblasts that form an envelope around bone








C Matrix (Table 1-3)




Table 1-3


Components of Bone Matrix


[image: image]


BMP, bone morphogenetic proteins; IGF, insulin-like growth factor; IL, interleukin; SPARC, secreted protein, acidic, rich in cysteine; TGF-β, transforming growth factor-β.







1. Organic components: 40% of the dry weight of bone




[image: image] Collagen (90% of organic component)




[image: image] Collagen is primarily type I (mnemonic: “bone” contains the word “one”).


[image: image] Hole zones (gaps) exist within the collagen fibril between the ends of molecules.


[image: image] Pores exist between the sides of parallel molecules.


[image: image] Mineral deposition (calcification) occurs within the hole zones and pores (Figure 1-4).




[image: image]


Figure 1-4 Biologic considerations of mineral accretion: heterogeneity within a collagen fibril. (From Simon SR [editor]: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 139.)





[image: image] Cross-linking decreases collagen solubility and increases its tensile strength.





[image: image] Proteoglycans


[image: image] Matrix proteins (noncollagenous)




[image: image] Osteocalcin: most abundant noncollagenous protein in bone




[image: image] Inhibited by PTH and stimulated by 1,25-dihydroxyvitamin D3


[image: image] Can be measured in the serum or urine as a marker of bone turnover








[image: image] Growth factors and cytokines





2. Inorganic (mineral) components: 60% of the dry weight of bone




[image: image] Calcium hydroxyapatite [Ca10(PO4)6(OH)2]


[image: image] Calcium phosphate (brushite)








D Bone remodeling




1. General




[image: image] Cortical and cancellous bone is continuously remodeled throughout life by osteoclastic and osteoblastic activity (Figure 1-5).




[image: image]


Figure 1-5 Bone remodeling. Osteoclasts dissolve the mineral from the bone matrix. Osteoblasts produce new bone, or osteoid, that fills in the resorption pit. Some of the osteoblasts are left within the bone matrix as osteocytes. (From Firestein GS, et al, editors: Kelley’s textbook of rheumatology, ed 8, Philadelphia, 2008, WB Saunders.)





[image: image] Wolff’s law: Remodeling occurs in response to mechanical stress.




[image: image] Increasing mechanical stress increases bone gain.


[image: image] Removing external mechanical stress increases bone loss, which is reversible (to varying degrees) on remobilization.





[image: image] Piezoelectric remodeling occurs in response to electrical charge.




[image: image] The compression side of bone is electronegative, stimulating osteoblasts (formation).


[image: image] The tension side of bone is electropositive, stimulating osteoclasts (resorption).





[image: image] Hueter-Volkmann law: Remodeling occurs in small packets of cells known as basic multicellular units (BMUs).




[image: image] Such remodeling is modulated by hormones and cytokines.


[image: image] Compressive forces inhibit growth; tension stimulates it.


[image: image] This law suggests that mechanical factors influence longitudinal growth, bone remodeling, and fracture repair.




[image: image] May play a role in scoliosis and Blount’s disease











2. Cortical bone remodeling




[image: image] Osteoclastic tunneling (cutting cones; Figure 1-6)




[image: image]


Figure 1-6 Mechanism of cortical bone remodeling via cutting cones. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 142.)







[image: image] Followed by layering of osteoblasts and successive deposition of layers of lamellae





[image: image] The head of the cutting cone is made up of osteoclasts.


[image: image] Behind the osteoclast front are capillaries.




[image: image] Followed by the laying down of osteoid by osteoblasts








3. Cancellous bone remodeling




[image: image] Osteoclastic resorption occurs, and then osteoblasts lay down new bone.








E Bone circulation




1. Anatomy




[image: image] Bone receives 5% to 10% of the cardiac output.




[image: image] Bones with a tenuous blood supply include the scaphoid, talus, femoral head, and odontoid.





[image: image] Long bones receive blood from three sources (systems):




[image: image] Nutrient artery system




[image: image] Nutrient arteries branch from systemic arteries, enter the diaphyseal cortex through the nutrient foramen, enter the medullary canal, and branch into ascending and descending arteries (Figure 1-7).




[image: image]


Figure 1-7 Intraoperative arteriogram (canine tibia) demonstrating ascending (A) and descending (D) branches of the nutrient artery. C, Cannula. (From Brinker MR, et al: Pharmacological regulation of the circulation of bone, J Bone Joint Surg Am 72:964-975, 1990.)





[image: image] Further branching into arterioles in the endosteal cortex enables blood supply to at least the inner two thirds of the mature diaphyseal cortex via the Haversian system (Figures 1-8 and 1-9).




[image: image]


Figure 1-8 Blood supply to bone. (Colorized from Brinker MR, Miller MD: Fundamentals of orthopaedics, Philadelphia, 1999, WB Saunders, p 4.)







[image: image]


Figure 1-9 Vasculature of cortical bone at different magnifications showing nutrient artery branching in cortical bone (left) and the extent of the arterioles and Haversian system throughout the cortex (right). (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 131.)





[image: image] The blood pressure in the nutrient artery system is high.





[image: image] Metaphyseal-epiphyseal system




[image: image] This system arises from the periarticular vascular plexus (e.g., geniculate arteries).





[image: image] Periosteal system




[image: image] This system consists mostly of capillaries that supply the outer third (at most) of the mature diaphyseal cortex.


[image: image] The blood pressure in the periosteal system is low.











2. Physiologic features




[image: image] Direction of flow (Figure 1-10)




[image: image]


Figure 1-10 Major components of the afferent vascular system of long bone. Components 1, 2, and 3 constitute the total nutrient supply to the diaphysis. Arrows indicate the direction of blood flow. (From Rhinelander FW: Circulation in bone. In Bourne G, editor: The biochemistry and physiology of bone, ed 2, vol 2, Orlando, Fla, 1972, Academic Press, pp 1-77.)







[image: image] Arterial flow in mature bone is centrifugal (inside to outside), which is the net effect of the high-pressure nutrient artery system and the low-pressure periosteal system.


[image: image] When fracture disrupts the nutrient artery system, the periosteal system pressure predominates, and blood flow is centripetal (outside to inside).


[image: image] Flow in immature, developing bone is centripetal because the highly vascularized periosteal system is the predominant component.


[image: image] Venous flow in mature bone is centripetal.




[image: image] Cortical capillaries drain to venous sinusoids, which drain to the emissary venous system.








[image: image] Fluid compartments of bone




[image: image] Extravascular: 65%


[image: image] Haversian: 6%


[image: image] Lacunar: 6%


[image: image] Red blood cells (RBCs): 3%


[image: image] Other: 20%





[image: image] Physiologic states




[image: image] Hypoxia, hypercapnia, and sympathectomy increase flow.








3. Fracture healing




[image: image] Bone blood flow is the major determinant of how well a fracture heals.




[image: image] Delivers nutrients to the injury site





[image: image] Initial response is a decrease in bone blood flow after vascular disruption at the fracture site.


[image: image] Within hours to days, bone blood flow increases (as part of the regional acceleratory phenomenon), peaks at approximately 2 weeks, and returns to normal in 3 to 5 months.


[image: image] Unreamed intramedullary nails preserve endosteal blood supply.




[image: image] Reaming devascularizes the inner 50% to 80% of the cortex and delays revascularization of endosteal blood supply.


[image: image] Loose-fitting nails spare cortical perfusion and allow more rapid reperfusion than do canal-filling nails.








4. Regulation of bone blood flow




[image: image] Influenced by metabolic, humoral, and autonomic inputs


[image: image] Arterial system: great potential for vasoconstriction (from the resting state), less potential for vasodilation


[image: image] Vessels within bone: have several vasoactive receptors (β-adrenergic, muscarinic, thromboxane/prostaglandin)








F Tissues surrounding bone




1. Periosteum




[image: image] This connective tissue membrane covers bone.


[image: image] It is more highly developed in children.


[image: image] The inner periosteum, or cambium, is loose and vascular and contains cells capable of becoming osteoblasts.




[image: image] These cells enlarge the diameter of bone during growth and form periosteal callus during fracture healing.





[image: image] The outer (fibrous) periosteum is less cellular and is contiguous with joint capsules.





2. Bone marrow




[image: image] Source of progenitor cells; controls inner diameter of bone




[image: image] Red marrow




[image: image] Hematopoietic (40% water, 40% fat, 20% protein)


[image: image] Slowly changes to yellow marrow with age, first in appendicular skeleton and later in axial skeleton





[image: image] Yellow marrow




[image: image] Inactive (15% water, 80% fat, 5% protein)














G Types of bone formation (Table 1-4)




Table 1-4


Types of Bone Formation


[image: image]







1. Enchondral bone formation and mineralization




[image: image] General




[image: image] Undifferentiated cells secrete the cartilaginous matrix and differentiate into chondrocytes.


[image: image] The matrix mineralizes and is invaded by vascular buds that bring osteoprogenitor cells.


[image: image] Osteoclasts resorb calcified cartilage, and osteoblasts form bone.


[image: image] Bone replaces the cartilage model; cartilage is not converted to bone.


[image: image] Examples of enchondral bone formation:




[image: image] Embryonic formation of long bones


[image: image] Longitudinal growth (physis)


[image: image] Fracture callus


[image: image] Bone formed with demineralized bone matrix








[image: image] Embryonic formation of long bones (Figures 1-11 and 1-12)




[image: image]


Figure 1-11 Enchondral ossification of long bones. Note that phases F through J often occur after birth. (From Moore KL: The developing human, Philadelphia, 1982, WB Saunders, p 346.)







[image: image]


Figure 1-12 Development of a typical long bone: formation of the growth plate and secondary centers of ossification. (From Netter FH: CIBA collection of medical illustrations, vol 8: Musculoskeletal system, part I: Anatomy, physiology and developmental disorders, Basel, Switzerland, 1987, CIBA, p 136.)







[image: image] These bones are formed from the mesenchymal anlage, at 6 weeks of gestation.


[image: image] Vascular buds invade the mesenchymal model, bringing osteoprogenitor cells that differentiate into osteoblasts and form the primary ossification centers at 8 weeks.




[image: image] Differentiation stimulated, in part, by binding of WNT protein to the LRP5 or LRP6 receptor.





[image: image] The cartilage model increases in size through appositional (width) and interstitial (length) growth.


[image: image] The marrow forms by resorption of the central cartilage anlage by invasion of myeloid precursor cells that are brought in by the capillary buds.


[image: image] Secondary ossification centers develop at the bone ends, forming the epiphyseal centers (growth plates) responsible for longitudinal growth.


[image: image] Arterial supply is rich during development, with an epiphyseal artery (terminates in the proliferative zone), metaphyseal arteries, nutrient arteries, and perichondrial arteries (Figure 1-13).




[image: image]


Figure 1-13[image: image] Structure and blood supply of a typical growth plate. (From Netter FH: CIBA collection of medical illustrations, vol 8: Musculoskeletal system, part I: Anatomy, physiology and developmental disorders, Basel, Switzerland, 1987, CIBA, p 166.)








[image: image] Physis




[image: image] Two growth plates exist in immature long bones: (1) horizontal (the physis) and (2) spherical (growth of the epiphysis).




[image: image] The spherical plate is less organized than the horizontal plate.





[image: image] The perichondrial artery is the major source of nutrition of the growth plate.


[image: image] Acromegaly and spondyloepiphyseal dysplasia affect the physis; multiple epiphyseal dysplasia affects the epiphysis.


[image: image] Delineation of physeal cartilage zones is based on growth (see Figure 1-13) and function (Figures 1-14 and 1-15).




[image: image]


Figure 1-14[image: image] Zone structure, function, and physiologic features of the growth plate. (From Netter FH: CIBA collection of medical illustrations, vol 8: Musculoskeletal system, part I: Anatomy, physiology and developmental disorders, Basel, Switzerland, 1987, CIBA, p 164.)







[image: image]


Figure 1-15[image: image] Zone structure and pathologic defects of cellular metabolism. (From Netter FH: CIBA collection of medical illustrations, vol 8: Musculoskeletal system, part I: Anatomy, physiology and developmental disorders, Basel, Switzerland, 1987, CIBA, p 165.)







[image: image] Reserve zone: Cells store lipids, glycogen, and proteoglycan aggregates; decreased oxygen tension occurs in this zone.




   [image: image] Lysosomal storage diseases (e.g., Gaucher’s disease) can affect this zone.





[image: image] Proliferative zone: Growth is longitudinal, with stacking of chondrocytes (the top cell is the dividing “mother” cell), cellular proliferation, and matrix production; increased oxygen tension and increased proteoglycans inhibit calcification.




   [image: image] Achondroplasia causes defects in this zone (see Figure 1-15).


   [image: image] Growth hormone exerts its effect in the proliferative zone.





[image: image] Hypertrophic zone: This area is sometimes divided into three zones: maturation, degeneration, and provisional calcification.




   [image: image] Normal matrix mineralization occurs in the lower hypertrophic zone: chondrocytes increase five times in size, accumulate calcium in their mitochondria, die, and release calcium from matrix vesicles.


   [image: image] Chondrocyte maturation is regulated by systemic hormones and local growth factors (PTH-related peptide inhibits chondrocyte maturation; Indian hedgehog is produced by chondrocytes and regulates the expression of PTH-related peptide).


   [image: image] Osteoblasts migrate from sinusoidal vessels and use cartilage as a scaffolding for bone formation.




      [image: image] Low oxygen tension and decreased proteoglycan aggregates aid in this process.





   [image: image] This zone widens in rickets (see Figure 1-15), with little or no provisional calcification.


   [image: image] Enchondromas originate here.


   [image: image] Mucopolysaccharide diseases (see Figure 1-15) affect this zone, leading to chondrocyte degeneration.


   [image: image] Physeal fractures probably traverse several zones, depending on the type of loading (Figure 1-16).




[image: image]


Figure 1-16 Histologic zone of failure varies with the type of loading applied to a specimen. (From Moen CT, Pelker RR: Biomechanical and histological correlations in growth plate failure, J Pediatr Orthop 4:180-184, 1984.)





   [image: image] Slipped capital femoral epiphysis (SCFE) believed to occur here (through metaphyseal spongiosa with renal failure).











[image: image] Metaphysis




[image: image] This is adjacent to the physis and expands with skeletal growth.


[image: image] Osteoblasts from osteoprogenitor cells align on cartilage bars produced by physeal expansion.


[image: image] Primary spongiosa (calcified cartilage bars) mineralizes to form woven bone and remodels to form secondary spongiosa and a “cutback zone” at the metaphysis.


[image: image] Cortical bone forms as physeal (enchondral), and intramembranous bone remodels in response to stress along the periphery of the growing long bone.





[image: image] Periphery of the physis




[image: image] Groove of Ranvier: supplies chondrocytes to the periphery for lateral growth (width)


[image: image] Perichondrial ring of La Croix: dense fibrous tissue, primary membrane anchoring the periphery of the physis





[image: image] Mineralization




[image: image] Collagen hole zones are seeded with calcium hydroxyapatite crystals through branching and accretion (crystal growth).





[image: image] Hormones and growth factors (Figure 1-17; Table 1-5)




Table 1-5


Effects of Hormones and Growth Factors on the Growth Plate


[image: image]


+, Increase stimulation; 0, no known effect; −, inhibitory; ±, depending on the local hormonal milieu.


BDGF, bone-derived growth factor; EGF, epidermal growth factor; FGF, fibroblast growth factor; IGF-I, insulin-like growth factor I; IL-1, interleukin-1; PDGF, platelet-derived growth factor; T3, triiodothyronine; TGF-β, transforming growth factor-β.


From Simon SR, editor: Orthopaedic basic science, ed 2, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 196.







[image: image]


Figure 1-17 Growth plate demonstrating the proposed sites of action of hormones, growth factors, and vitamins. BDGF, bone-derived growth factor; CT, calcitonin; EGF, epidermal growth factor; FGF, fibroblast growth factor; GH, growth hormone; IGF, insulin-like growth factor; PDGF, platelet-derived growth factor; PG, proteoglycan; PTH, parathyroid hormone; T-3, triiodothyronine; TGF, transforming growth factor. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 197.)








2. Intramembranous ossification




[image: image] This occurs without a cartilage model.


[image: image] Undifferentiated mesenchymal cells aggregate into layers (or membranes), differentiate into osteoblasts, and deposit an organic matrix that mineralizes.


[image: image] Examples:




[image: image] Embryonic flat bone formation


[image: image] Bone formation during distraction osteogenesis


[image: image] Blastema bone (in young children with amputations)








3. Appositional ossification




[image: image] Osteoblasts align on the existing bone surface and lay down new bone.


[image: image] Examples:




[image: image] Periosteal bone enlargement (width)


[image: image] Bone formation phase of bone remodeling














II BONE INJURY AND REPAIR




A Fracture repair (Table 1-6)




Table 1-6


Biologic and Mechanical Factors Influencing Fracture Healing


[image: image]







1. A Continuum: inflammation to repair (soft callus followed by hard callus) ending in remodeling


2. Blood supply (bone blood flow): the most important factor


3. Stages of fracture repair




[image: image] Inflammation




[image: image] Bleeding creates a hematoma, which provides hematopoietic cells capable of secreting growth factors.


[image: image] Subsequently, fibroblasts, mesenchymal cells, and osteoprogenitor cells form granulation tissue around the fracture ends.


[image: image] Osteoblasts from surrounding osteogenic precursor cells and fibroblasts proliferate.





[image: image] Repair




[image: image] Primary callus response within 2 weeks.


[image: image] For bone ends not in continuity, bridging (soft) callus occurs.




[image: image] Soft callus is later replaced through enchondral ossification by woven bone (hard callus).


[image: image] Medullary callus supplements the bridging callus, forming more slowly and later (Figure 1-18).




[image: image]


Figure 1-18 Histologic features of typical fracture healing. (From Brighton CT, Hunt RM: Early histological and ultrastructural changes in medullary fracture callus, J Bone Joint Surg Am 73:832-847, 1991.)








[image: image] Fracture healing varies with treatment method (Table 1-7).




Table 1-7


Type of Fracture Healing Based on Type of Stabilization


[image: image]







[image: image] In unstable fracture, type II collagen is expressed early, followed by type I collagen.


[image: image] Amount of callus is inversely proportional to the extent of immobilization.





[image: image] Progenitor cell differentiation:




[image: image] High strain promotes development of fibrous tissue.


[image: image] Low strain and high oxygen tension promote development of woven bone.


[image: image] Intermediate strain and low oxygen tension promote development of cartilage.








[image: image] Remodeling




[image: image] Remodeling begins in middle of repair phase and continues long after clinically healing (up to 7 years).


[image: image] This process allows the bone to assume its normal configuration and shape according to stress exposure (Wolff’s law).


[image: image] Throughout, woven bone is replaced with lamellar bone.


[image: image] Fracture healing is complete when the marrow space is repopulated.








4. Biochemistry of fracture healing (Table 1-8)




Table 1-8


Biochemical Steps of Fracture Healing






	Step

	Collagen Type






	Mesenchymal

	I, II, III, V






	Chondroid

	II, IX






	Chondroid-osteoid

	I, II, X






	Osteogenic

	I










5. Growth factors of bone (Table 1-9)




Table 1-9


Growth Factors of Bone


[image: image]







[image: image] Bone morphogenetic protein (BMP)–2: acute open tibial fractures


[image: image] BMP-3: no osteogenic activity


[image: image] BMP-7: tibial nonunions





6. Endocrine effects on fracture healing (Table 1-10)




Table 1-10


Endocrine Effects on Fracture Healing






	Hormone

	Effect

	Mechanism






	Cortisone

	−

	Decreased callus proliferation






	Calcitonin

	+?

	Unknown






	TH, PTH

	+

	Bone remodeling






	Growth hormone

	+

	Increased callus volume







PTH, parathyroid hormone; TH, thyroid hormone.





7. Head injury




[image: image] Can increase the osteogenic response to fracture





8. Nicotine (smoking)




[image: image] Increases time to fracture healing


[image: image] Increases nonunion risk (particularly in the tibia)


[image: image] Decreases fracture callus strength


[image: image] Increases pseudarthrosis risk after lumbar fusion up to 500%





9. Nonsteroidal anti-inflammatory drugs (NSAIDs)




[image: image] These drugs have adverse effects on fracture healing and healing of lumbar spinal fusions.


[image: image] Cyclooxygenase-2 (COX-2) activity is required for normal enchondral ossification during fracture healing.





10. Quinolone antibiotics




[image: image] Are toxic to chondrocytes and inhibit fracture healing





11. Ultrasonography and fracture healing




[image: image] Low-intensity pulsed ultrasonography accelerates fracture healing and increases the mechanical strength of callus.


[image: image] A cellular response to the mechanical energy of ultrasonography has been postulated.





12. Effect of radiation on bone




[image: image] High-dose irradiation causes long-term changes within the haversian system and decreases cellularity.





13. Diet and fracture healing




[image: image] Protein malnutrition results in negative effects in fracture healing:




[image: image] Decreased periosteal and external callus


[image: image] Decreased callus strength and stiffness


[image: image] Increased fibrous tissue within callus





[image: image] In experimental models, oral supplementation with essential amino acids improves bone mineral density in fracture callus.





14. Electricity and fracture healing




[image: image] Definitions




[image: image] Stress-generated potentials




[image: image] Piezoelectric effect: Tissue charges are displaced secondary to mechanical forces.


[image: image] Streaming potentials: These occur when electrically charged fluid is forced over a cell membrane that has a fixed charge.





[image: image] Transmembrane potentials: generated by cellular metabolism





[image: image] Types of electrical stimulation




[image: image] Direct current (DC): stimulates an inflammatory-like response, resulting in decreased oxygen concentrations and increase in tissue pH (stage I)


[image: image] Alternating current (AC): “capacity coupled generators”; affects cyclic adenosine monophosphate (cAMP) synthesis, collagen synthesis, and calcification during the repair stage


[image: image] Pulsed electromagnetic fields (PEMFs): initiate calcification of fibrocartilage (but not fibrous tissue)








15. Pathologic fracture




[image: image] In bone weakened by tumor, infection, or metabolic bone disease


[image: image] Risk factors: pain, anatomic location, and pattern of bony destruction (scoring system of Mirels)


[image: image] Risk for such fractures: highest in subtrochanteric femur








B Bone grafting (Table 1-11)




Table 1-11


Types of Bone Grafts and Bone Graft Properties


[image: image]


BMP, bone morphogenetic protein.


Modified from Brinker MR, Miller MD: Fundamentals of orthopaedics, Philadelphia, 1999, WB Saunders, p 7.







1. Graft properties




[image: image] Osteoconductive matrix: acts as a scaffold or framework for bone growth


[image: image] Osteoinductive factors: growth factors (BMP) that stimulate bone formation


[image: image] Osteogenic cells: primitive mesenchymal cells, osteoblasts, and osteocytes


[image: image] Structural integrity





2. Overview




[image: image] Autografts (from same person) or allografts (from another person)


[image: image] Cancellous bone: for grafting nonunions or cavitary defects; remodels quickly and incorporates through the laying down of new bone on old trabeculae (“creeping substitution”)


[image: image] Cortical bone: slower to turn over; used for structural defects


[image: image] Osteoarticular (osteochondral) allograft used for tumor surgery




[image: image] Immunogenic (cartilage is vulnerable to inflammatory mediators of immune response)


[image: image] Articular cartilage preserved with glycerol or dimethyl sulfoxide (DMSO)


[image: image] Cryogenically preserved grafts (leave few viable chondrocytes)


[image: image] Tissue-matched (syngeneic) osteochondral grafts (produce minimal immunogenic effects and incorporate well)





[image: image] Vascularized bone grafts




[image: image] Although technically difficult to implant, allow more rapid union and cell preservation; best for irradiated tissues or large tissue defects (morbidity may occur at donor site [e.g., fibula])


[image: image] Nonvascular bone grafts are more common








3. Allograft bone




[image: image] Fresh: increased immunogenicity


[image: image] Fresh-frozen: less immunogenic than fresh; BMP preserved


[image: image] Freeze-dried (lyophilized “croutons”): loses structural integrity and depletes BMP, is least immunogenic, is purely osteoconductive, has lowest risk of viral transmission


[image: image] Bone matrix gelatin (a digested source of BMP): demineralized bone matrix is osteoconductive and osteoinductive


[image: image] Antigenicity




[image: image] Allograft bone possesses a spectrum of potential antigens, primarily from cell surface glycoproteins.


[image: image] Classes I and II cellular antigens in allograft are recognized by T lymphocytes in the host.


[image: image] Primary mechanism of rejection is cellular, as opposed to humoral.




[image: image] Incorporation is related to cellularity and major histocompatibility complex (MHC) incompatibility.





[image: image] Cellular components that contribute to antigenicity are marrow origin, endothelium, and retinacular activating cells.




[image: image] Marrow cells incite the greatest immunogenic response.





[image: image] Extracellular matrix components that contribute to antigenicity are as follows:




[image: image] Type I collagen (organic matrix): stimulates cell-mediated and humoral responses


[image: image] Noncollagenous matrix (proteoglycans, osteopontin, osteocalcin, other glycoproteins)





[image: image] Hydroxyapatite does not elicit immune response.








4. Five Stages of graft healing (Urist) (Table 1-12)




Table 1-12


Stages of Graft Healing






	Stage

	Activity






	1: Inflammation

	Chemotaxis stimulated by necrotic debris






	2: Osteoblast differentiation

	From precursors






	3: Osteoinduction

	Osteoblast and osteoclast function






	4: Osteoconduction

	New bone forming over scaffold






	5: Remodeling

	Process continues for years












[image: image] Factors influencing incorporation (Figure 1-19)




[image: image]


Figure 1-19 Major factors influencing bone graft incorporation. Allo, allograft; Auto, autograft; Xeno, xenograft. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 284.)








5. Specific bone graft types




[image: image] Cortical bone grafts




[image: image] Slower incorporation: remodels existing haversian systems through resorption (weakens the graft) and then deposits new bone (restores strength)


[image: image] Resorption confined to osteon borders; interstitial lamellae are preserved


[image: image] Used for structural defects


[image: image] Of massive grafts, 25% eventually sustain insufficiency fracture





[image: image] Cancellous grafts




[image: image] These grafts revascularize and incorporate quickly.


[image: image] Osteoblasts lay down new bone on old trabeculae, which are later remodeled (“creeping substitution”).





[image: image] Synthetic bone grafts: calcium, silicon, or aluminum




[image: image] Calcium phosphate–based grafts: capable of osseoconduction and osseointegration




[image: image] Biodegrade very slowly


[image: image] Highest compressive strength of any graft material


[image: image] Many prepared as ceramics (heated apatite crystals fuse into crystals [sintered])




   [image: image] Tricalcium phosphate


   [image: image] Hydroxyapatite; purified bovine dermal fibrillar collagen plus ceramic hydroxyapatite granules and tricalcium phosphate granules








[image: image] Calcium sulfate: osteoconductive




[image: image] Rapidly resorbed





[image: image] Calcium carbonate (chemically unaltered marine coral): resorbed and replaced by bone (osteoconductive)


[image: image] Coralline hydroxyapatite: calcium carbonate skeleton is converted to calcium phosphate through a thermoexchange process


[image: image] Silicate-based incorporate silicon as silicate (silicon dioxide); bioactive glasses and glass-ionomer cement


[image: image] Aluminum oxide: alumina ceramic bonds to bone in response to stress and strain between implant and bone











C Distraction osteogenesis (Figure 1-20)




[image: image]


Figure 1-20 Anteroposterior radiograph of the proximal tibia in a patient who underwent bone transport for a large distal tibial segmental defect. Early regeneration of distraction osteogenesis is apparent; bone formation occurred through intramembranous ossification.







1. Definition: distraction-stimulated formation of bone


2. Clinical applications:




[image: image] Limb lengthening


[image: image] Hypertrophic nonunions


[image: image] Deformity correction (via differential lengthening)


[image: image] Segmental bone loss (via bone transport)





3. Biologic features:




[image: image] Under optimal stability, intramembranous ossification occurs.


[image: image] Under instability, bone forms through enchondral ossification.




[image: image] Pseudarthrosis may occur under extreme instability.





[image: image] Three histologic phases:




[image: image] Latency phase (5 to 7 days)


[image: image] Distraction phase (1 mm per day [approximately 1 inch per month])


[image: image] Consolidation phase (typically twice as long as the distraction phase)








4. Optimal conditions during distraction osteogenesis:




[image: image] Low-energy corticotomy/osteotomy


[image: image] Minimal soft tissue stripping at the corticotomy site (preserves blood supply)


[image: image] Stable external fixation and elimination of torsion, shear, and bending moments


[image: image] Latency period (no lengthening) 5 to 7 days


[image: image] Distraction: 0.25 mm three or four times per day (0.75 to 1.0 mm per day)


[image: image] Neutral fixation interval (no distraction) during consolidation


[image: image] Normal physiologic use of the extremity, including weight bearing








D Heterotopic ossification




1. Ectopic bone forms in soft tissues.




[image: image] Most commonly in response to injury or surgical dissection


[image: image] Myositis ossificans: heterotopic ossification in muscle





2. Traumatic brain injury increases risk of heterotopic ossification.




[image: image] Recurrence after resection is likely if neurologic compromise is severe.


[image: image] The timing of surgery for heterotopic ossification after traumatic brain injury is important:




[image: image] Time since injury (3 to 6 months)


[image: image] Evidence of bone maturation on radiographs (sharp demarcation, trabecular pattern)








3. Heterotopic ossification may be resected after total hip arthroplasty (THA).




[image: image] Resection should be delayed for 6 months or longer after THA.


[image: image] Adjuvant radiation therapy may prevent recurrence of heterotopic ossification.




[image: image] Optimal therapy: single postoperative dose of 600 to 700 rad


[image: image] Prevents proliferation and differentiation of primordial mesenchymal cells into osteoprogenitor cells








4. Preoperative radiation (600 to 800 rad) may be used in treatment.




[image: image] Helps prevent heterotopic ossification after THA in patients at high risk for this development.


[image: image] Incidence of heterotopic ossification after THA among patients with Paget’s disease is approximately 50%.





5. When oral bisphosphonate therapy is discontinued, heterotopic ossification may occur.




[image: image] Oral bisphosphonate inhibits mineralization.


[image: image] However, it does not prevent formation of osteoid matrix.











III CONDITIONS OF BONE MINERALIZATION, BONE MINERAL DENSITY, AND BONE VIABILITY




A Normal bone metabolism




1. Calcium




[image: image] Important in muscle and nerve function, clotting, and many other areas


[image: image] >99% of the body’s calcium is stored in bones.




[image: image] Plasma calcium is about equally free and bound (usually to albumin).


[image: image] Approximately 400 mg of calcium is released from bone daily.





[image: image] Absorbed in the duodenum by active transport




[image: image] Requires ATP and calcium-binding protein


[image: image] Regulated by 1,25(OH)2-vitamin D3





[image: image] Absorbed in the jejunum by passive diffusion


[image: image] The kidney reabsorbs 98% of calcium (60% in the proximal tubule).




[image: image] Calcium may be excreted in stool.





[image: image] The primary homeostatic regulators of serum calcium are PTH and 1,25(OH)2-vitamin D3


[image: image] Dietary requirement of elemental calcium:




[image: image] Approximately 600 mg/day for children


[image: image] Approximately 1300 mg/day for adolescents and young adults (ages 10 to 25 years)


[image: image] 750 mg/day for adults (ages 25 to 65 years)


[image: image] 1500 mg/day for pregnant women


[image: image] 2000 mg/day for lactating women


[image: image] 1500 mg/day for postmenopausal women and for patients with a healing fracture in a long bone





[image: image] Calcium balance is usually positive in the first three decades of life and negative after the fourth decade





2. Phosphate




[image: image] A key component of bone mineral




[image: image] Approximately 85% of the body’s phosphate stores are in bone.


[image: image] Plasma phosphate is mostly unbound.





[image: image] Also important in enzyme systems and molecular interactions




[image: image] It is a metabolite and buffer.





[image: image] Dietary intake of phosphate is usually adequate.




[image: image] Daily requirement is 1000 to 1500 mg.





[image: image] Reabsorbed by the kidney (proximal tubule)




[image: image] Phosphate may be excreted in urine.








3. Parathyroid hormone




[image: image] PTH is an 84–amino acid peptide.




[image: image] It is synthesized in and secreted from the chief cells of the (four) parathyroid glands.


[image: image] The N-terminal fragment 1-34 is the active portion.


[image: image] Teriparatide, the synthetic form of recombinant human PTH, contains this active sequence.





[image: image] The effect of PTH is mediated by the cAMP second-messenger mechanism.


[image: image] PTH helps regulate plasma calcium.




[image: image] Decreased calcium levels in the extracellular fluid stimulate β2 receptors to release PTH, which acts at the intestines, kidneys, and bones (Table 1-13).




Table 1-13


Regulation of Calcium and Phosphate Metabolism


[image: image]


1,25(OH)2D, 1,25-dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D; Pi, inorganic phosphate; PTH, parathyroid hormone.


Adapted from Netter FH: CIBA collection of medical illustrations, vol 8: Musculoskeletal system, part I: Anatomy, physiology and developmental disorders, Basel, Switzerland, 1987, CIBA, p 179.








[image: image] PTH directly activates osteoblasts.


[image: image] PTH modulates renal phosphate filtration.


[image: image] PTH may accentuate bone loss in elderly persons.


[image: image] PTH-related protein and its receptor have been implicated in metaphyseal dysplasia.





4. Vitamin D




[image: image] Naturally occurring steroid




[image: image] Activated by ultraviolet radiation from sunlight or utilized from dietary intake (Figure 1-21)




[image: image]


Figure 1-21 Vitamin D metabolism. 1,25(OH)2D, 1,25-dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D; DBP, vitamin D–binding protein; FGF23, fibroblast growth factor 23; OHase, 1α-hydroxylase; Pi, inorganic phosphate; PTH, parathyroid hormone; UVB, ultraviolet B. (From Kumar V, et al, editors: Robbins and Cotran pathologic basis of disease, Philadelphia, 2010, WB Saunders.)








[image: image] Hydroxylated to 25(OH)-vitamin D3 in the liver and hydroxylated a second time in the kidney to one of the following:




[image: image] 1,25(OH)2-vitamin D3, the active hormone


[image: image] 24,25(OH)2-vitamin D3, the inactive form (Figure 1-22)




[image: image]


Figure 1-22 Vitamin D metabolism in the renal tubular cell. Pi, inorganic phosphate; PTH, parathyroid hormone. (From Simon SR [editor]: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 165.)








[image: image] 1,25(OH)2-vitamin D3 works at the intestines, kidneys, and bones (see Table 1-13).


[image: image] Phenytoin (Dilantin) impair metabolism of vitamin D.





5. Calcitonin




[image: image] A 32–amino acid peptide hormone




[image: image] Produced by clear cells in the parafollicles of the thyroid gland





[image: image] Has a limited role in calcium regulation (see Table 1-13)


[image: image] Increased extracellular calcium levels cause secretion of calcitonin




[image: image] Controlled by a β2 receptor





[image: image] Inhibits osteoclastic bone resorption




[image: image] Osteoclasts have calcitonin receptors.


[image: image] Calcitonin decreases osteoclast number and activity.





[image: image] Decreases serum calcium level


[image: image] May also have a role in fracture healing and in reducing vertebral compression fractures in high-turnover osteoporosis





6. Other hormones affecting bone metabolism




[image: image] Estrogen




[image: image] Estrogen prevents bone loss by inhibiting bone resorption.




[image: image] Decrease in urinary pyridinoline cross-links





[image: image] Because bone formation and resorption are coupled, estrogen therapy also decreases bone formation.


[image: image] Supplementation is helpful in postmenopausal women only if started within 5 to 10 years after onset of menopause.




[image: image] Risk of endometrial cancer is reduced when estrogen therapy is combined with cyclic progestin therapy.





[image: image] Certain regimens of hormone replacement therapy may increase risk of heart disease and breast cancer.




[image: image] Other postmenopausal pharmacologic interventions (alendronate, raloxifene) should be strongly considered.








[image: image] Corticosteroids




[image: image] Increase bone loss




[image: image] Decrease gut absorption of calcium by decreasing binding proteins


[image: image] Decrease bone formation (cancellous more than cortical) by inhibiting collagen synthesis and osteoblast productivity


[image: image] Do not affect mineralization





[image: image] Alternate-day therapy may reduce the effects





[image: image] Thyroid hormones




[image: image] Affect bone resorption more than bone formation




[image: image] Large (thyroid-suppressive) doses of thyroxine can lead to osteoporosis.





[image: image] Regulates skeletal growth at the physis




[image: image] Stimulates chondrocyte growth, type X collagen synthesis, and alkaline phosphatase activity








[image: image] Growth hormone




[image: image] Causes positive calcium balance




[image: image] Increases gut absorption of calcium more than it increases urinary excretion





[image: image] Insulin and somatomedins participate in this effect





[image: image] Growth factors




[image: image] Transforming growth factor β (TGF-β), PDGF, monokines, and lymphokines have roles in bone and cartilage repair.








7. Interactions




[image: image] Calcium and phosphate metabolism




[image: image] Affected by an elaborate interplay of hormones and the levels of the metabolites themselves





[image: image] Feedback mechanisms: important in the regulation of plasma levels of calcium and phosphate





8. Bone aging




[image: image] Peak bone mass




[image: image] Believed to occur between 16 and 25 years of age


[image: image] Higher in men and in African Americans





[image: image] After peak, bone loss occurs at a rate of 0.3% to 0.5% per year




[image: image] Rate of bone loss is 2% to 3% per year in untreated women during the sixth through tenth years after menopause.


[image: image] Affects trabecular more than cortical bone




[image: image] Increase in trabecular rods results in increased anisotropy.


[image: image] Cortical bone becomes thinner, and intracortical porosities increase.


[image: image] Cortical bone becomes more brittle, less strong, and less stiff.





[image: image] Long bones have increased inner and outer diameter.








9. Bone loss




[image: image] Occurs at the onset of menopause, when both bone formation and resorption are accelerated




[image: image] A net negative change in calcium balance: menopause decreases intestinal absorption and increases urinary excretion of calcium





[image: image] Both urinary hydroxyproline and pyridinoline cross-links are elevated when bone resorption occurs.


[image: image] Serum alkaline phosphatase level is elevated when bone formation is increased.


[image: image] Estrogen therapy is recommended for patients at high risk for osteoporosis.




[image: image] Decreases urinary pyridinoline (decreased bone resorption)


[image: image] Decreases serum alkaline phosphatase (decreased bone formation)


[image: image] Increases bone density of the femoral neck, reducing the rate of hip fracture











B Conditions of bone mineralization (Tables 1-14 through 1-16)




Table 1-14


Overview of Clinical and Radiographic Aspects of Metabolic Bone Diseases


[image: image]


↓, Decreased; ↑, increased; CHF, congestive heart failure; CRF, chronic renal failure; MC, metacarpal; MEN, multiple endocrine neoplasia, MT, metatarsal; PHP, pseudohypoparathyroidism; PTH, parathyroid hormone.







Table 1-15


Laboratory Findings and Clinical Data Regarding Patients with Various Metabolic Bone Diseases


[image: image]


[image: image]


[image: image]


↓, Decreased; ↑, increased; Alk, alkaline; BUN, blood urea nitrogen; Phos, phosphatase; PTH, parathyroid hormone.


↓, Decreased; ↑, increased; Alk, alkaline; BUN, blood urea nitrogen; Phos, phosphatase; PTH, parathyroid hormone.







Table 1-16


Differential Diagnosis of the Metabolic Bone Diseases, Based on Blood Chemistry Findings


[image: image]







1. Hypercalcemia




[image: image] Can manifest in a number of ways:




[image: image] Polyuria


[image: image] Polydipsia


[image: image] Kidney stones


[image: image] Excessive bony resorption with or without fibrotic tissue replacement (osteitis fibrosa cystica)


[image: image] Central nervous system (CNS) effects (confusion, stupor, weakness)


[image: image] Gastrointestinal effects (constipation)





[image: image] Can also cause anorexia, nausea, vomiting, dehydration, and muscle weakness


[image: image] Primary hyperparathyroidism




[image: image] Overproduction of PTH, usually a result of a parathyroid adenoma




[image: image] Generally affects only one parathyroid gland





[image: image] Reflected in a net increase in plasma calcium and a decrease in plasma phosphate (as a result of enhanced urinary excretion)


[image: image] Increased osteoclastic resorption and failure of repair attempts (poor mineralization as a result of low phosphate level)


[image: image] Diagnosis




[image: image] Signs and symptoms of hypercalcemia


[image: image] Characteristic laboratory results




   [image: image] Increased serum calcium, PTH, urinary phosphate


   [image: image] Decreased serum phosphate








[image: image] Bony changes




[image: image] Osteopenia


[image: image] Osteitis fibrosa cystica (fibrous replacement of marrow)


[image: image] “Brown tumors” (Figure 1-23): increased giant cells, extravasation of RBCs, hemosiderin staining, fibrous tissue hemosiderin




[image: image]


Figure 1-23 Radiograph (A) and photomicrograph (B) showing delineation of brown tumor (arrows) of hyperparathyroidism. (From Resnick D, Kransdorf MJ, editors: Bone and joint imaging, ed 3, Philadelphia, 2005, WB Saunders, p 608.)





[image: image] Chondrocalcinosis





[image: image] Radiographs




[image: image] Deformed, osteopenic bones


[image: image] Fractures


[image: image] “Shaggy” trabeculae


[image: image] Radiolucent areas (phalanges, distal clavicle, skull)


[image: image] Destructive metaphyseal lesions


[image: image] Calcification of the soft tissues





[image: image] Histologic changes




[image: image] Osteoblasts and osteoclasts active on both sides of the trabeculae (as in Paget’s disease)


[image: image] Areas of destruction


[image: image] Wide osteoid seams





[image: image] Surgical parathyroidectomy is curative.





[image: image] Other causes of hypercalcemia




[image: image] Familial syndromes




[image: image] Pituitary adenomas associated with multiple endocrine neoplasia (MEN) types I and II


[image: image] Familial hypocalciuric hypercalcemia




   [image: image] Poor renal clearance of calcium








[image: image] Other disorders




[image: image] Malignancy (most common)




   [image: image] Can be life-threatening, commonly associated with muscle weakness


   [image: image] Initial treatment should include hydration with normal saline (reverses dehydration).


   [image: image] Can occur in the absence of extensive bone metastasis


   [image: image] Most commonly results from the release of systemic growth factors and cytokines that stimulate osteoclastic bone resorption at bony sites not involved in the tumor process





[image: image] PTH-related protein secretion (lung carcinoma)


[image: image] Lytic bone metastases and lesions (such as multiple myeloma)


[image: image] Hyperthyroidism


[image: image] Vitamin D intoxication


[image: image] Prolonged immobilization


[image: image] Addison’s disease


[image: image] Steroid administration


[image: image] Peptic ulcer disease (milk-alkali syndrome)


[image: image] Kidney disease


[image: image] Sarcoidosis


[image: image] Hypophosphatasia





[image: image] Treatment of hypercalcemia




[image: image] Hydration (saline diuresis)


[image: image] Loop diuretics


[image: image] Dialysis (for severe cases)


[image: image] Mobilization (prevents further bone resorption)


[image: image] Specific drugs (bisphosphonates, mithramycin, calcitonin, and gallium nitrate)











2. Hypocalcemia (Figure 1-24)




[image: image]


Figure 1-24 Body’s reaction to hypocalcemia, with the consequent resorption of bone. When calcium level falls, parathyroid hormone (PTH) is secreted, which releases calcium and inorganic phosphate (Pi) from bone. PTH increases renal reabsorption of calcium while inhibiting phosphate reabsorption. These actions, in combination, restore calcium concentration. If hypocalcemia persists, PTH stimulates renal production of 1,25(OH)2-vitamin D3, which increases intestinal calcium absorption. (From Goldman L, Ausiello D, editors: Cecil medicine, ed 23, Philadelphia, 2008, WB Saunders–Elsevier.)







[image: image] Low plasma calcium


[image: image] Results from low levels of PTH or vitamin D3


[image: image] Neuromuscular irritability (tetany, seizures, Chvostek’s sign), cataracts, fungal nail infections, electrocardiographic (ECG) changes (prolonged QT interval), and other signs and symptoms


[image: image] Hypoparathyroidism




[image: image] Decreased PTH level causes decrease in plasma calcium level and increase in plasma phosphate level.




[image: image] Urinary excretion not enhanced because of the lack of PTH





[image: image] Common findings:




[image: image] Fungal nail infections


[image: image] Hair loss


[image: image] Blotchy skin (pigment loss; vitiligo)





[image: image] Skull radiographs may show basal ganglia calcification.


[image: image] Iatrogenic hypoparathyroidism most commonly follows thyroidectomy.





[image: image] Pseudohypoparathyroidism (PHP)




[image: image] A rare genetic disorder




[image: image] This disorder is caused by lack of effect of PTH on the target cells.





[image: image] PTH is normal or high.




[image: image] PTH action is blocked by an abnormality at the receptor, by the cAMP system, or by a lack of required cofactors (e.g., Mg2+).





[image: image] Albright’s hereditary osteodystrophy, a form of PHP




[image: image] Short first, fourth, and fifth metacarpals and metatarsals


[image: image] Brachydactyly


[image: image] Exostoses


[image: image] Obesity


[image: image] Diminished intelligence





[image: image] Pseudo-pseudohypoparathyroidism (pseudo-PHP)




[image: image] Normocalcemic disorder that is phenotypically similar to PHP


[image: image] However, response to PTH is normal








[image: image] Renal osteodystrophy (Figure 1-25)




[image: image]


Figure 1-25 Pathogenesis of bony changes in renal osteodystrophy. GFR, glomerular filtration rate; PTR, proximal tubule reabsorption. (From McPherson RA, Pincus MR, editors: Henry’s clinical diagnosis and management by laboratory methods, ed 21, Philadelphia, 2007, WB Saunders–Elsevier.)







[image: image] A spectrum of bone mineral metabolism disorders in chronic renal disease




[image: image] Renal disease impairs excretion and compromises mineral homeostasis.


[image: image] This process leads to abnormalities in bone mineral metabolism.





[image: image] High-turnover renal bone disease




[image: image] Chronically elevated serum PTH level leads to secondary hyperparathyroidism (hyperplasia of the chief cells of the parathyroid gland).


[image: image] Factors contributing to sustained, increased PTH, and secondary hyperparathyroidism include the following:




   [image: image] Diminished renal phosphorus excretion; phosphorus retention promotes PTH secretion by three mechanisms:




      [image: image] Hyperphosphatemia lowers serum calcium, stimulating PTH.


      [image: image] Phosphorus impairs renal 1α-hydroxylase activity, impairing production of 1,25(OH)2-vitamin D3.


      [image: image] Phosphorus retention may directly increase the synthesis of PTH.





   [image: image] Hypocalcemia


   [image: image] Impaired renal calcitriol [1,25(OH)2-vitamin D3]


   [image: image] Alterations in the control of PTH gene transcription secretion


   [image: image] Skeletal resistance to the actions of PTH








[image: image] Low-turnover renal bone disease (adynamic lesion of bone and osteomalacia)




[image: image] Secondary hyperparathyroidism is not characteristic with this condition.




   [image: image] Serum PTH level is normal or mildly elevated.





[image: image] Bone formation and turnover are reduced.


[image: image] Excess deposition of aluminum into bone (aluminum toxicity) negatively affects bone mineral metabolism.




   [image: image] Impairs differentiation of precursor cells to osteoblasts


   [image: image] Impairs proliferation of osteoblasts


   [image: image] Impairs PTH release from the parathyroid gland


   [image: image] Disrupts the mineralization process


   [image: image] Adynamic lesion: accounts for the majority of cases of low-turnover bone disease in patients with chronic renal failure


   [image: image] Osteomalacia: defects in mineralization of newly formed bone








[image: image] Radiographs may demonstrate a “rugger jersey” spine (vertebral bodies appear to have increased density in the upper and lower zones, in a striated appearance), like that in childhood osteopetrosis, and soft tissue calcification


[image: image] β2-microglobulin may accumulate with chronic dialysis, leading to amyloidosis




[image: image] Amyloidosis may be associated with carpal tunnel syndrome, arthropathy, and pathologic fractures.


[image: image] In amyloidosis, Congo red stain causes material to turn pink.





[image: image] Laboratory test results:




[image: image] Abnormal glomerular filtration rate (GFR)


[image: image] Increased alkaline phosphatase, blood urea nitrogen (BUN), and creatinine levels


[image: image] Decreased venous bicarbonate level





[image: image] Treatment:




[image: image] Directed at relieving the urologic obstruction or kidney disease








[image: image] Rickets (osteomalacia in adults; Box 1-1)





Box 1-1


Causes of Rickets and Osteomalacia





 Nutritional Deficiency




Vitamin D deficiency


Dietary chelators (rare) of calcium


Phytates


Oxalates (spinach)











 Phosphorus Deficiency (Unusual)




Abuse of antacids (which contain aluminum), leading to severe dietary phosphate binding











 Gastrointestinal Absorption Defects




Postgastrectomy (rare today)


Biliary disease (interference with absorption of fat-soluble vitamin D)


Enteric absorption defects




Short-bowel syndrome


Rapid-transit (gluten-sensitive enteropathy) syndromes


Inflammatory bowel disease




• Crohn’s disease


• Celiac disease

















 Renal Tubular Defects (Renal Phosphate Leak)




X-linked dominant hypophosphatemic vitamin D–resistant rickets or osteomalacia


Classic Albright’s syndrome or Fanconi’s syndrome type I


Fanconi’s syndrome type II


Phosphaturia and glycosuria


Fanconi’s syndrome type III


Phosphaturia, glycosuria, aminoaciduria


Vitamin D–dependent rickets (or osteomalacia) type I (a genetic or acquired deficiency of renal tubular 25-hydroxyvitamin D 1α hydroxylase enzyme that prevents conversion of 25-hydroxyvitamin D to the active polar metabolite 1,25-dihydroxyvitamin D)


Vitamin D–dependent rickets (or osteomalacia) type II (which represents enteric end-organ insensitivity to 1,25-dihydroxyvitamin D and is probably caused by an abnormality in the 1,25-dihydroxyvitamin D nuclear receptor)


Renal tubular acidosis




Acquired: associated with many systemic diseases


Genetic




• Debre–De Toni–Fanconi syndrome


• Lignac-Fanconi syndrome (cystinosis)


• Lowe’s syndrome

















 Renal Osteodystrophy: Miscellaneous Causes




Soft tissue tumors secreting putative factors




Fibrous dysplasia


Neurofibromatosis


Other soft tissue and vascular mesenchymal tumors





Anticonvulsant medication (induction of the hepatic P450 microsomal enzyme system by some anticonvulsants—e.g., phenytoin, phenobarbital, and primidone [Mysoline]—causes increased degradation of vitamin D metabolites)


Heavy metal intoxication


Hypophosphatasia


High-dose diphosphonates


Sodium fluoride








Adapted from Simon SR, editor: Orthopaedic basic science, ed 2, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 169.







[image: image] Failure of mineralization, leading to changes in the physis in the zone of provisional calcification (increased width and disorientation) and bone (cortical thinning, bowing)


[image: image] Nutritional rickets (see Table 1-15)




[image: image] Vitamin D–deficiency rickets




   [image: image] Rare after addition of vitamin D to milk, except in the following populations:




      [image: image] Asian immigrants


      [image: image] Patients with dietary peculiarities


      [image: image] Premature infants


      [image: image] Patients with malabsorption (celiac sprue)


      [image: image] Patients receiving chronic parenteral nutrition





   [image: image] Decreased intestinal absorption of calcium and phosphate leads to secondary hyperparathyroidism


   [image: image] Laboratory studies




      [image: image] Low-normal calcium level (maintained by high PTH level)


      [image: image] Low phosphate level (excreted because of the effect of PTH)


      [image: image] Increased alkaline phosphatase level


      [image: image] Low vitamin D level


      [image: image] Increased PTH level




         [image: image] Increased bone absorption








   [image: image] Examination




      [image: image] Enlargement of the costochondral junction (“rachitic rosary”)


      [image: image] Bowing of the knees


      [image: image] Muscle hypotonia


      [image: image] Dental disease


      [image: image] Pathologic fractures (Looser’s zones: pseudofracture on the compression side of bone)


      [image: image] Milkman’s fracture (Figure 1-26)




[image: image]


Figure 1-26 Pseudofracture in both femurs in an adult patient with X-linked hypophosphatemic osteomalacia. (From Adam A, Dixon AK: Grainger & Allison’s diagnostic radiology: a textbook of medical imaging, ed 5, Philadelphia, 2008, Elsevier–Churchill Livingstone.)





      [image: image] Waddling gait





   [image: image] Radiographic




      [image: image] Physeal widening and cupping


      [image: image] Coxa vara


      [image: image] “Codfish” vertebrae


      [image: image] Retarded bone growth (defect in the hypertrophic zone, widened osteoid seams)





   [image: image] In affected children, height is commonly below the fifth percentile for age.


   [image: image] Treatment with vitamin D (5000 IU daily) resolves most deformities.





[image: image] Calcium-deficiency rickets (Figure 1-27)




[image: image]


Figure 1-27 Nutritional calcium deficiency. 1,25(OH)2D, 1,25(OH)2-vitamin D; 25(H)D, 25(OH)-vitamin D; OHase, hydroxylase; Pi, inorganic phosphate; PTH, parathyroid hormone. (From Netter FH: CIBA collection of medical illustrations, vol 8: Musculoskeletal system, part I: Anatomy, physiology and developmental disorders, Basel, Switzerland, 1987, CIBA, p 184.)





[image: image] Phosphate-deficiency rickets





[image: image] Hereditary vitamin D–dependent rickets




[image: image] Rare disorders with features similar to vitamin D deficiency (nutritional) rickets, except that symptoms may be worse and patients may have total baldness




   [image: image] Type I: Defect in renal 25(OH)-vitamin D 1α-hydroxylase, inhibiting conversion of inactive vitamin D to its active form




      [image: image] Autosomal recessive inheritance


      [image: image] Gene on chromosome 12q14





   [image: image] Type II: Defect in an intracellular receptor for 1,25(OH)2-vitamin D3








[image: image] Familial hypophosphatemic rickets (vitamin D–resistant rickets or “phosphate diabetes”)




[image: image] Most commonly encountered form of rickets


[image: image] X-linked dominant inheritance




   [image: image] Impaired renal tubular reabsorption of phosphate





[image: image] Normal GFR with an impaired vitamin D3 response


[image: image] Treatment:




   [image: image] Phosphate replacement (1-3 g daily)


   [image: image] High-dose vitamin D3











[image: image] Hypophosphatasia (Figure 1-28)




[image: image]


Figure 1-28 Hypophosphatasia. Deossification is present adjacent to the growth plates. Characteristic radiolucent areas extend from the growth plates into the metaphysis. (From Resnick D, Kransdorf MJ, editors: Bone and joint imaging, ed 3, Philadelphia, 2005, Saunders, p 574.)







[image: image] Autosomal recessive


[image: image] Error in the tissue-nonspecific isoenzyme of alkaline phosphatase




[image: image] Leads to low levels of alkaline phosphatase, required for synthesis of inorganic phosphate and important in bone matrix formation





[image: image] Features are similar to those of rickets.


[image: image] Increased urinary phosphoethanolamine is diagnostic.


[image: image] Treatment may include phosphate therapy.








3. Conditions of bone mineral density




[image: image] Bone mass is regulated by relative rates of deposition and withdrawal (Figure 1-29).




[image: image]


Figure 1-29 Four mechanisms of bone mass regulation. (From Netter FH: CIBA collection of medical illustrations, vol 8: Musculoskeletal system, part I: Anatomy, physiology and developmental disorders, Basel, Switzerland, 1987, CIBA, p 181.)





[image: image] Osteoporosis




[image: image] Age-related decrease in bone mass




[image: image] Usually associated with estrogen loss in postmenopausal women (Figure 1-30)




[image: image]


Figure 1-30 Age-related changes in density and architecture of human trabecular bone from the lumbar spine.








[image: image] A quantitative, not qualitative, defect




[image: image] Mineralization remains normal.





[image: image] World Health Organization’s definition




[image: image] Lumbar (L2 to L4) density is 2.5 or more standard deviations less than mean peak bone mass of a healthy 25-year-old (T-score).


[image: image] Osteopenia: Bone density is 1.0 to 2.5 standard deviations less than the mean peak bone mass of a healthy 25-year-old.





[image: image] Responsible for more than 1 million fractures/year




[image: image] Fractures of the vertebral body are most common.


[image: image] History of osteoporotic vertebral compression fractures are strongly predictive of subsequent vertebral fracture.




   [image: image] After initial vertebral fracture, the risk for a second vertebral fracture is 20%.





[image: image] Vertebral compression fracture is associated with increased mortality rate.




   [image: image] The incidence of vertebral compression fractures is higher among men than among women.








[image: image] Lifetime risk of fracture in white women after 50 years of age: 75%




[image: image] The risk for hip fracture is 15% to 20%.





[image: image] Risk factors (Box 1-2):





Box 1-2


Risk Factors for the Development of Osteoporosis







• White race, female gender, northern European descent (fair skin and hair)


• Sedentary lifestyle


• Thinness


• Smoking


• Heavy drinking


• Phenytoin (impairs vitamin D metabolism)


• Diet low in calcium and vitamin D


• History of breastfeeding


• Positive family history of osteoporosis


• Premature menopause





From Keaveney TM, Hayes WC: Mechanical properties of cortical and trabecular bone, Bone, 7:285-344, 1993.





[image: image] Cancellous bone is most affected.


[image: image] Clinical features:




[image: image] Kyphosis and vertebral fractures




   [image: image] Compression fractures of T11 to L1 that create an anterior wedge-shaped defect or a centrally depressed “codfish” vertebra





[image: image] Hip fractures


[image: image] Distal radius fractures





[image: image] Type I osteoporosis (postmenopausal)




[image: image] Primarily affects trabecular bone


[image: image] Vertebral and distal radius fractures are common





[image: image] Type II osteoporosis (age-related)




[image: image] In patients older than 75 years


[image: image] Affects both trabecular and cortical bone


[image: image] Related to poor calcium absorption


[image: image] Hip and pelvic fractures are common





[image: image] Laboratory studies




[image: image] Obtained to rule out secondary causes of low bone mass




   [image: image] Vitamin D deficiency, hyperthyroidism, hyperparathyroidism, Cushing’s syndrome, hematologic disorders, malignancy





[image: image] Complete blood cell count; measurements of serum calcium, phosphorus, 25(OH)-vitamin D, alkaline phosphatase, liver enzymes, creatinine, and total protein and albumin levels; and measurement of 24-hour urinary calcium excretion


[image: image] Results of these studies are usually unremarkable in osteoporosis.





[image: image] Plain radiographs not helpful unless bone loss exceeds 30%


[image: image] Special studies




[image: image] Single-photon (appendicular) absorptiometry


[image: image] Double-photon (axial) absorptiometry


[image: image] Quantitative computed tomography (CT)


[image: image] Dual-energy x-ray absorptiometry (DEXA)




   [image: image] Most accurate with less radiation








[image: image] Biopsy




[image: image] After tetracycline labeling


[image: image] To evaluate the severity of osteoporosis and to identify osteomalacia





[image: image] Histologic changes:




[image: image] Thinning trabeculae


[image: image] Decreased osteon size


[image: image] Enlarged haversian and marrow spaces





[image: image] Treatment (Figure 1-31):




[image: image]


Figure 1-31 Treatment options for osteoporosis. (Adapted from Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 174.)







[image: image] Physical activity


[image: image] Calcium supplements




   [image: image] 1000 to 1500 mg plus 400 to 800 IU of vitamin D per day


   [image: image] More effective in type II (age-related) osteoporosis





[image: image] Fluoride




   [image: image] Inhibits bone resorption


   [image: image] However, bone is more brittle.





[image: image] Bisphosphonates: bind to bone resorption surfaces and inhibit osteoclastic membrane ruffling without destroying the cells


[image: image] Other drugs, such as intramuscular calcitonin, may be helpful.




   [image: image] Expensive


   [image: image] May cause hypersensitivity reactions





[image: image] Efficacy of bone augmentation with PTH, growth factors, prostaglandin inhibitors, and other therapies remains to be determined.





[image: image] Prophylaxis for patients at risk for osteoporosis:




[image: image] Diet with adequate calcium intake


[image: image] Weight-bearing exercise program


[image: image] Estrogen therapy evaluation at menopause


[image: image] Idiopathic transient osteoporosis of the hip




   [image: image] Uncommon; diagnosis of exclusion


   [image: image] Most common during the third trimester of pregnancy in women but can occur in men


   [image: image] Groin pain, limited range of motion (ROM), and localized osteopenia without a history of trauma





[image: image] Treatment: analgesics and limited weight bearing


[image: image] Generally self-limiting and tends to resolve spontaneously after 6 to 8 months




   [image: image] This feature distinguishes idiopathic transient osteoporosis from osteonecrosis, which has progressive symptoms and does not resolve spontaneously





[image: image] Stress fractures may occur.





[image: image] Bone loss related to spinal cord injury




[image: image] Bone mineral loss occurs throughout the skeleton (except the skull) for approximately 16 months




   [image: image] Levels off when bone mass reaches two thirds of the original value





[image: image] High risk of fracture


[image: image] Bone loss greatest in the lower extremities








[image: image] Osteomalacia




[image: image] Qualitative defect




[image: image] Defect of mineralization results in a large amount of unmineralized osteoid.





[image: image] Causes:




[image: image] Vitamin D–deficient diet


[image: image] Gastrointestinal disorders


[image: image] Renal osteodystrophy


[image: image] Certain drugs




   [image: image] Aluminum-containing phosphate-binding antacids; aluminum deposition in bone prevents mineralization


   [image: image] Phenytoin (Dilantin)





[image: image] Alcoholism





[image: image] Radiographic findings:




[image: image] Looser’s zones (microscopic stress fractures)


[image: image] Other fractures


[image: image] Biconcave vertebral bodies


[image: image] Trefoil pelvis





[image: image] Biopsy (transiliac); required for diagnosis




[image: image] Widened osteoid seams are histologic findings.





[image: image] Femoral neck fractures are common


[image: image] Treatment: usually includes large doses of vitamin D


[image: image] Osteoporosis and osteomalacia are compared in Figure 1-32.




[image: image]


Figure 1-32 Comparison of osteoporosis and osteomalacia. (From Netter FH: CIBA collection of medical illustrations, vol 8: Musculoskeletal system, part I: Anatomy, physiology and developmental disorders, Basel, Switzerland, 1987, CIBA, p 228.)








[image: image] Scurvy




[image: image] Vitamin C (ascorbic acid) deficiency


[image: image] Produces a decrease in chondroitin sulfate synthesis




[image: image] Leads to defective collagen growth and repair


[image: image] Also leads to impaired intracellular hydroxylation of collagen peptides





[image: image] Clinical features:




[image: image] Fatigue


[image: image] Gum bleeding


[image: image] Ecchymosis


[image: image] Joint effusions


[image: image] Iron deficiency





[image: image] Radiographic findings:




[image: image] May include thin cortices and trabeculae and metaphyseal clefts (corner sign)





[image: image] Laboratory studies: normal results


[image: image] Histologic features:




[image: image] Primary trabeculae replaced with granulation tissue


[image: image] Areas of hemorrhage


[image: image] Widening of the zone of provisional calcification in the physis





[image: image] Greatest effect on bone formation in the metaphysis





[image: image] Marrow packing disorders




[image: image] Myeloma, leukemia, and other such disorders can cause osteopenia.





[image: image] Osteogenesis imperfecta




[image: image] Caused by abnormal collagen synthesis




[image: image] Failure of normal collagen cross-linking as a result of glycine substitutions in procollagen.





[image: image] Caused primarily by a mutation in genes responsible for metabolism and synthesis of type I collagen


[image: image] Increased bone turnover





[image: image] Lead poisoning




[image: image] Results in short stature and reduced bone density


[image: image] Lead alters the chondrocyte response to PTH-related protein and to TGF-β.








4. Increased osteodensity




[image: image] Osteopetrosis (marble bone disease)




[image: image] Osteopetrosis is the term for a group of bone disorders.


[image: image] It is characterized by increased sclerosis and obliteration of the medullary canal as a result of decreased osteoclast (and chondroclast) function: failure of bone resorption. Osteoclast numbers may be increased, decreased, or normal.


[image: image] It may result from an abnormality of the immune system (thymic defect).


[image: image] Osteoclasts lack the normal ruffled border and clear zone.


[image: image] Marrow spaces fill with necrotic calcified cartilage.




[image: image] The cartilage may be trapped within the osteoid.


[image: image] Empty lacunae and plugging of haversian canals are also observed.





[image: image] One of these disorders is infantile autosomal recessive (“malignant”) osteopetrosis.




[image: image] Most severe form


[image: image] “Bone within a bone” appearance on radiographs


[image: image] Hepatosplenomegaly


[image: image] Aplastic anemia


[image: image] Can lead to death during infancy


[image: image] Bone marrow transplantation (e.g., osteoclast precursors) can be lifesaving during childhood


[image: image] High doses of calcitriol with or without steroids may also be helpful





[image: image] Another disorder is autosomal dominant “tarda” (benign) osteopetrosis (Albers-Schönberg disease).




[image: image] Generalized osteosclerosis, including the typical “rugger jersey” spine


[image: image] Usually without other anomalies (Figures 1-33 and 1-34)




[image: image]


Figure 1-33 Typical “marble bone” appearance of osteopetrosis. (From Tachdjian MO: Pediatric orthopaedics, ed 2, Philadelphia, 1990, WB Saunders, p 795.)







[image: image]


Figure 1-34 Typical “rugger jersey” spine observed in osteopetrosis. (From Tachdjian MO: Pediatric orthopaedics, ed 2, Philadelphia, 1990, WB Saunders, p 797.)








[image: image] Pathologic fractures are common (brittle bone).





[image: image] Osteopoikilosis (“spotted bone disease”)




[image: image] Islands of deep cortical bone appear within the medullary cavity and the cancellous bone of the long bones.




[image: image] Especially in the hands and feet





[image: image] These areas are usually asymptomatic.


[image: image] This disease is accompanied by no known incidence of malignant degeneration.








5. Paget’s disease




[image: image] Elevated serum alkaline phosphatase and urinary hydroxyproline levels


[image: image] Virus-like inclusion bodies in osteoclasts


[image: image] Both decreased and increased osteodensity may be present.




[image: image] Depends on phase of disease


[image: image] Active phase




[image: image] Lytic phase: intense osteoclastic bone resorption


[image: image] Mixed phase


[image: image] Sclerotic phase: osteoblastic bone formation





[image: image] Inactive phase











D Conditions of bone viability




1. Osteonecrosis




[image: image] Death of bony tissue from causes other than infection




[image: image] Usually adjacent to a joint surface





[image: image] Caused by loss of blood supply as a result of trauma or another event (e.g., slipped capital femoral epiphysis)


[image: image] Idiopathic osteonecrosis of the femoral head and Legg-Calvé-Perthes disease may occur in patients with coagulation abnormalities




[image: image] Deficiency of antithrombin factors protein C and protein S


[image: image] Increased levels of lipoprotein (a)





[image: image] Commonly affects the hip joint




[image: image] Leads to collapse and flattening of the femoral head, most frequently the anterolateral region





[image: image] Associated with the following conditions:




[image: image] Steroid and heavy alcohol use


[image: image] Blood dyscrasias (e.g., sickle cell disease)


[image: image] Dysbarism (Caisson’s disease)


[image: image] Excessive radiation therapy


[image: image] Gaucher’s disease





[image: image] Cause




[image: image] Theories vary (Figure 1-35).




[image: image]


Figure 1-35 Possible mechanisms by which intraosseous fat embolism leads to focal intravascular coagulation and osteonecrosis. (From Jones JP Jr: Fat embolism and osteonecrosis, Orthop Clin North Am 16:595-633, 1985.)





[image: image] Osteonecrosis may be related to enlargement of space-occupying marrow fat cells, which lead to ischemia of adjacent tissues


[image: image] Vascular insults and other factors may also be significant.


[image: image] Idiopathic (or spontaneous) osteonecrosis is diagnosed when no other cause can be identified.




[image: image] Chandler’s disease: osteonecrosis of the femoral head in adults


[image: image] Medial femoral condyle osteonecrosis: most common in women older than 60 years





[image: image] Idiopathic, alcohol, and dysbaric forms of osteonecrosis are associated with multiple insults.


[image: image] These may be secondary to a hemoglobinopathy (e.g., sickle cell disease) or marrow disorder (e.g., hemochromatosis).


[image: image] Cyclosporine has reduced the incidence of osteonecrosis of the femoral head among renal transplant recipients.





[image: image] Pathologic changes




[image: image] Grossly necrotic bone, fibrous tissue, and subchondral collapse may be observed (Figures 1-36 and 1-37).




[image: image]


Figure 1-36 Fine-grain micrograph demonstrating space between the articular surface and subchondral bone: “crescent sign” of osteonecrosis. (From Steinberg ME: The hip and its disorders, Philadelphia, 1991, WB Saunders, p 630.)







[image: image]


Figure 1-37 Pathologic features of avascular necrosis. Illustration of articular cartilage (A), necrotic bone (B), reactive fibrous tissue (C), hypertrophic bone (D), and normal trabeculae (E). (From Steinberg ME: The hip and its disorders, Philadelphia, 1991, WB Saunders, p 630.)





[image: image] Histologic findings:




[image: image] Early changes (14 to 21 days) involve autolysis of osteocytes and necrotic marrow.


[image: image] These are followed by inflammation with invasion of buds of primitive mesenchymal tissue and capillaries.


[image: image] Later, newly woven bone is laid down on top of dead trabecular bone.


[image: image] This is followed by resorption of dead trabeculae and remodeling through “creeping substitution.”





[image: image] The bone is weakest during resorption and remodeling.




[image: image] Collapse (crescent sign on radiographs) and fragmentation can occur.








[image: image] Evaluation




[image: image] A careful history (to discern risk factors) and physical examination (e.g., to discern decreased ROM, limp) should precede additional studies.


[image: image] Other joints (especially the contralateral hip) should be evaluated to identify the disease process early.




[image: image] The process is bilateral in the hip in 50% of cases of idiopathic osteonecrosis and up to 80% of cases of steroid-induced osteonecrosis.





[image: image] MRI and bone scanning are helpful for early diagnosis.




[image: image] MRI: earliest study to yield positive results; highest sensitivity and specificity





[image: image] Femoral head pressure measurement is possible but invasive.




[image: image] Pressure higher than 30 mm Hg or increased more than 10 mm Hg with injection of 5 mL saline (stress test) is considered abnormal.


[image: image] Values vary widely from one investigation to another.








[image: image] Treatment




[image: image] Arthroplasty of the hip is associated with increased loosening.


[image: image] Nontraumatic osteonecrosis of the distal femoral condyle and proximal humerus may improve spontaneously without surgery.


[image: image] The precise role of core decompression remains unresolved.




[image: image] Results are best when core decompression is performed in early hip disease (Ficat stage I).











2. Osteochondrosis (Table 1-17)




Table 1-17


Common Types of Osteochondrosis


[image: image]







[image: image] This condition can occur at traction apophyses in children.


[image: image] It may or may not be associated with trauma, joint capsule inflammation, vascular insult, or secondary thrombosis.


[image: image] The pathologic process is similar to that of osteonecrosis in the adult.
























section 2 Joints







I ARTICULAR TISSUES




A Cartilage




1. Types




[image: image] Growth plate (physeal) cartilage


[image: image] Fibrocartilage at tendon and ligament insertion into bone (and healing articular cartilage)


[image: image] Elastic cartilage in tissues such as the those of the trachea


[image: image] Fibroelastic cartilage, which make up menisci


[image: image] Articular cartilage, the focus of this section, which is critical in joint function





2. Articular cartilage: decreases friction and distributes loads


3. Classically described as avascular, aneural, and alymphatic




[image: image] Chondrocyte metabolism modulated primarily through mechanical stimulation


[image: image] Receives nutrients and oxygen from synovial fluid via diffusion





4. Ph of cartilage: 7.4




[image: image] Changes in pH can disrupt cartilage structure.





5. Unlike mature articular cartilage, immature articular cartilage has a stem cell population


6. Rabbit autologous osteochondral progenitor cells can be isolated from bone marrow and grown in vitro




[image: image] Apparently without losing the ability to differentiate into cartilage or bone


[image: image] May be clinically useful for repairing articular cartilage defects (and subchondral bone)


[image: image] Results of rabbit studies also suggest that TGF-β can induce chondrogenesis in periosteal explants cultured in agarose gel.





7. Articular cartilage composition




[image: image] Water (65% to 80% of wet weight)




[image: image] Shifts in and out of cartilage to allow deformation of surface in response to stress


[image: image] Distribution: 65% of wet weight in deep zone, 80% at surface


[image: image] Increases in osteoarthritis (Table 1-18)




Table 1-18


Biochemical Changes of Articular Cartilage






	Parameter

	Effect of Aging

	Effect of Osteoarthritis






	Water content (hydration; permeability)

	↓

	↑






	Collagen

	Content remains relatively unchanged

	Becomes disorderly (breakdown of matrix framework)
Content ↓ in severe osteoarthritis
Relative concentration ↑ (because of loss of proteoglycans)
Collagen type VI content ↑






	Proteoglycan content (concentration)

	↓ (Also, the length of the protein core and glycosaminoglycan chains decreases)

	↓






	Proteoglycan synthesis

	 

	↑






	Proteoglycan degradation

	↓

	↑↑↑






	Chondroitin sulfate concentration (includes both chondroitin-4- and -6-sulfate)

	↓

	↑






	Chondroitin-4-sulfate concentration

	↓

	↑






	Keratin sulfate concentration

	↑

	↓






	Chondrocyte size

	↑

	 






	Chondrocyte number

	↓

	 






	Modulus of elasticity

	↑

	↓







↓, Decreased; ↑, increased.







[image: image] Increased permeability


[image: image] Decreased strength


[image: image] Decreased Young’s modulus (E)





[image: image] Also responsible for nutrition and lubrication





[image: image] Collagen (10% to 20% of wet weight; more than 50% of dry weight) (Figure 1-38; Table 1-19)




Table 1-19


Types of Collagen


[image: image]


*Tethers the chondrocyte to its pericellular matrix.


†Associated with calcification of cartilage (matrix mineralization).







[image: image]


Figure 1-38 Microstructure of collagen. Collagen is composed of microfibrils that are quarter-staggered arrangements of tropocollagen. Note hole and pore regions for mineral deposition (for calcification). Tropocollagen in turn is made up of a triple helix of α chains of polypeptides. (From Brinker MR, Miller MD: Fundamentals of orthopaedics, Philadelphia, 1999, WB Saunders, p 3.)







[image: image] Glycine, proline, hydroxyproline, and hydrogen bonding: responsible for collagen’s unique characteristics




[image: image] Hydroxyproline is unique to collagen; it can be measured in the urine to assess bone turnover.





[image: image] Type II collagen




[image: image] 95% of collagen content in articular cartilage


[image: image] Provides cartilaginous framework and tensile strength


[image: image] Very stable, with a half-life of approximately 25 years





[image: image] Small amounts of types IV, V, VI, IX, X, and XI collagen




[image: image] Collagen type VI: a minor component of normal articular cartilage but increases significantly in early stages of osteoarthritis


[image: image] Collagen type X




   [image: image] Produced by hypertrophic chondrocytes during enchondral ossification:




      [image: image] Growth plate


      [image: image] Fracture callus


      [image: image] Heterotopic ossification formation


      [image: image] Calcifying cartilaginous tumors





   [image: image] Is associated with calcification of cartilage


   [image: image] A genetic defect in type X collagen is responsible for Schmid’s metaphyseal chondrodysplasia (affects the hypertrophic physeal zone).





[image: image] Collagen type XI: an adhesive that holds the collagen lattice together








[image: image] Proteoglycans (10% to 15% of wet weight) (Figure 1-39)




[image: image]


Figure 1-39 Proteoglycan aggregate and aggrecan molecule. (From Brinker MR, Miller MD: Fundamentals of orthopaedics, Philadelphia, 1999, WB Saunders, p 9.)







[image: image] Have a half-life of 3 months


[image: image] Provide structural properties, chiefly compressive and elastic strength


[image: image] Produce cartilage’s porous structure


[image: image] Trap and hold water (regulate and retain fluid in the matrix)


[image: image] Protein polysaccharides produced by chondrocytes, secreted into the extracellular matrix




[image: image] Composed of subunits known as glycosaminoglycans (disaccharide polymers)


[image: image] Glycosaminoglycans include two subtypes:




   [image: image] Chondroitin sulfate (most prevalent glycosaminoglycan in cartilage)


   [image: image] Keratin sulfate





[image: image] Chondroitin-4-sulfate concentration decreases with age.


[image: image] Chondroitin-6-sulfate concentration remains essentially constant.


[image: image] Keratin sulfate concentration increases with age.





[image: image] Glycosaminoglycans link to a protein core by sugar bonds to form a proteoglycan aggrecan molecule (see Figure 1-39).


[image: image] Link proteins stabilize these aggrecan molecules to hyaluronic acid to form a proteoglycan aggregate.





[image: image] Chondrocytes (5% of wet weight)




[image: image] Chondrocytes are derived from mesenchymal precursors; the SOX9 transcriptional factor is considered the “master switch.”


[image: image] Chondrocytes are active in protein synthesis.


[image: image] They possess a double effusion barrier.


[image: image] They produce collagen, proteoglycans, and some enzymes.




[image: image] Enzymes include the metalloproteinases (breakdown cartilage matrix) and tissue inhibitor of metalloproteinases (TIMPs).





[image: image] Chondrocytes are least active in the calcified zone.


[image: image] Deeper cartilage zone chondrocytes have two characteristics:




[image: image] Decreased rough endoplasmic reticulum


[image: image] Increased intraplasmic filaments (degenerative products)





[image: image] Chondroblasts, derived from undifferentiated mesenchymal cells (stimulated by motion), are later trapped in lacunae to become chondrocytes.





[image: image] Other matrix components:




[image: image] Adhesives




[image: image] Noncollagenous proteins, such as fibronectin, chondronectin, and anchorin CII




   [image: image] Fibronectin may be associated with osteoarthritis.





[image: image] Involved in interactions between chondrocytes and fibrils





[image: image] Lipids: unknown function








8. Articular cartilage layers (Table 1-20; Figure 1-40).




Table 1-20


Articular Cartilage Layers


[image: image]


↑, Increased; ↓, decreased.







[image: image]


[image: image]


Figure 1-40 A, Articular cartilage layers. B, The structure of human adult articular cartilage, showing the zones of cellular distribution and the pericellular, territorial, and interterritorial regions of matrix organization. Insets show the relative diameters and orientations of collagen fibrils in the different zones. The positions of the tidemark and subchondral bone and other special features of matrix composition are also noted. (A from Brinker MR, Miller MD: Fundamentals of orthopaedics, Philadelphia, 1999, WB Saunders, p 9. B from Firestein B: Kelley’s textbook of rheumatology, ed 8, Philadelphia, 2008, WB Saunders.)







[image: image] The tangential-superficial zone




[image: image] Has the highest concentration of collagen fibers


[image: image] Right angles to each other, parallel to joint surface


[image: image] Has the greatest tensile stiffness


[image: image] Collagen parallel to joint surface


[image: image] Low concentration of proteoglycans





[image: image] The deeper zones




[image: image] Have increased chondrocyte volume


[image: image] Collagen fibers perpendicular to joint surface


[image: image] Highest concentration of proteoglycans





[image: image] The calcified zone




[image: image] Transition region of intermediate stiffness between articular cartilage and subchondral bone








9. Articular cartilage metabolism




[image: image] Collagen synthesis (Figure 1-41)




[image: image]


Figure 1-41 Collagen synthesis is accomplished at various intracellular sites. (From Mankin HJ, Brandt KD: Biochemistry and metabolism of articular cartilage in osteoarthritis. In Moskowitz RW, et al, editors: Osteoarthritis: diagnosis and medical/surgical management, ed 2, Philadelphia, 1992, WB Saunders, p 124.)





[image: image] Collagen catabolism




[image: image] Exact mechanisms are unknown.


[image: image] Proposed enzymatic processes involve metalloproteinase collagenase cleaving to the triple helix.


[image: image] Mechanical factors may play a role.





[image: image] Proteoglycan synthesis (Figure 1-42)




[image: image]


Figure 1-42 Synthesis and secretion of proteoglycan aggrecan molecules and link protein by a chondrocyte. 1, Transcription of aggrecan and link protein genes to messenger RNA. 2, Translation of messenger RNA to form protein core. 3, Transportation. 4 and 5, cis-Golgi and medial trans-Golgi compartments, respectively, where glycosaminoglycan chains are added to the protein core. 6, Transportation to the secretory vesicles. 7, Release into the extracellular matrix. 8 and 9, Hyaluronate from the plasma membrane binds with the aggrecan and link proteins to form aggregates in the extracellular matrix. RER, rough endoplasmic reticulum. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 13.)







[image: image] Begins with proteoglycan gene expression and transcription of messenger RNA


[image: image] Concludes with proteoglycan aggregate formation in the extracellular matrix





[image: image] Proteoglycan catabolism (Figure 1-43)




[image: image]


Figure 1-43 Proteoglycan degradation in articular cartilage. Cleavage of the G1 and G2 domains renders the fragments nonaggregating. (Modified from Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 14.)








10. Articular cartilage growth factors




[image: image] Regulate cartilage synthesis; may have a role in osteoarthritis


[image: image] PDGF




[image: image] May affect healing of cartilage lacerations (and perhaps osteoarthritis)





[image: image] TGF-β




[image: image] Stimulates proteoglycan synthesis


[image: image] Suppresses synthesis of type II collagen


[image: image] Stimulates formation of plasminogen activator inhibitor-1 and TIMP




[image: image] Prevents degradative action of plasmin and stromelysin








[image: image] Fibroblast growth factor (basic) (b-FGF)




[image: image] Stimulates DNA synthesis in adult articular chondrocytes


[image: image] May affect cartilage repair





[image: image] Insulin-like growth factor-I (IGF-I)




[image: image] Previously known as somatomedin C


[image: image] Stimulates DNA and cartilage matrix synthesis in adult articular cartilage


[image: image] Stimulates immature cartilage of the growth plate








11. Lubrication and wear mechanisms of articular cartilage (Figures 1-44 through 1-46)




[image: image]


Figure 1-44 Types of lubrication of articular cartilage. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 465.)







[image: image]


Figure 1-45 Models of fluid film lubrication of articular cartilage. (From Mow VC, Soslowsky LJ: Friction, lubrication, and wear of diarthrodial joints. In Mow VC, Hayes WC, editors: Basic orthopaedic biomechanics, New York, 1991, Raven Press, pp 245-292.)







[image: image]


Figure 1-46 Wear mechanisms of articular cartilage. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 466.)







[image: image] The coefficient of friction for human joints varies from 0.002 to 0.04.




[image: image] Factors decreasing articular cartilage coefficient of friction:




[image: image] Fluid film formation


[image: image] Elastic deformation of articular cartilage


[image: image] Synovial fluid


[image: image] Efflux of fluid from the cartilage





[image: image] Factor increasing the coefficient of friction: fibrillation





[image: image] Specific types of lubrication (see Figures 1-44 and 1-45)




[image: image] Elastohydrodynamic lubrication




[image: image] Predominant mechanism during dynamic joint function


[image: image] Elastic deformation of articular surfaces and thin films of joint lubricants separate the surfaces.


[image: image] The coefficient of friction is primarily a function of lubricant properties, not the surfaces.


[image: image] Coefficient of friction is generally low.





[image: image] Boundary lubrication (slippery surfaces)




[image: image] Bearing surface is largely nondeformable.


[image: image] Lubricant only partially separates the surfaces.


[image: image] Superficial zone protein (lubricin) appears to have a role in boundary lubrication.





[image: image] Boosted lubrication (fluid entrapment)




[image: image] Concentration of lubricating fluid in pools trapped by regions of bearing surfaces that are making contact


[image: image] The coefficient of friction is generally higher than with elastohydrodynamic lubrication.





[image: image] Hydrodynamic lubrication




[image: image] Fluid separates the surfaces when one of the surfaces is sliding on the other.





[image: image] Weeping lubrication




[image: image] Fluid shifts out of articular cartilage in response to load, separating the surfaces by hydrostatic pressure.








[image: image] Articular cartilage aging (Figure 1-47; see Table 1-18)




[image: image]


Figure 1-47[image: image] Articular cartilage changes in osteoarthritis and aging.







[image: image] Chondrocytes become larger, acquire increased lysosomal enzymes, and no longer reproduce.


[image: image] Cartilage becomes relatively hypocellular.


[image: image] With aging, cartilage increases in stiffness and decreases in solubility.


[image: image] Cartilage proteoglycans decrease in mass and size (decreased length of the chondroitin sulfate chains) and change in concentrations (decreased chondroitin sulfate and increased keratin sulfate).


[image: image] Protein content increases, and water content decreases.




[image: image] These changes decrease elasticity.





[image: image] In a normal joint, weight-bearing exercise increases proteoglycan content and thickens the cartilage.




[image: image] However, moderate joint impact (without a fracture) decreases proteoglycan concentration and increases hydration.





[image: image] Glucosamine and chondroitin supplementation appears to slow degradation.


[image: image] In osteoarthritis, the water content is increased, proteoglycan content is decreased, keratin sulfate concentration is decreased, and proteoglycan degradation is significantly increased.








12. Articular cartilage healing




[image: image] Damage above the tidemark:




[image: image] Limited to the chondrocytes (type 1 injury) or articular cartilage surface (type 2 injury)


[image: image] Have a poor potential for healing because cartilage is avascular





[image: image] Lacerations extending below the tidemark:




[image: image] Penetrate the underlying subchondral bone (type 3 injuries)


[image: image] Cause an inflammatory response


[image: image] May heal with fibrocartilage




[image: image] Fibrocartilage is not as durable as hyaline cartilage.


[image: image] The fibrocartilage is produced by undifferentiated marrow mesenchymal stem cells.


[image: image] These stem cells differentiate into cells capable of producing fibrocartilage.


[image: image] This is the theory behind abrasion chondroplasty.





[image: image] An abundance of type I collagen is typical 1 year after injury.





[image: image] Blunt trauma may induce cartilage changes similar to those observed with osteoarthritis.


[image: image] Continuous passive motion is believed to benefit cartilage healing.


[image: image] Joint immobilization leads to atrophy or cartilage degeneration.




[image: image] In animal models, 4 weeks of joint immobilization decreases the proteoglycan/collagen ratio.


[image: image] This ratio returns to normal after 8 weeks of joint mobilization.





[image: image] Joint instability initially decreases the proteoglycan/collagen ratio (at 4 weeks).




[image: image] Later (12 weeks), the ratio of proteoglycan to collagen is elevated, and hydration is increased.


[image: image] Instability markedly decreases hyaluronan, whereas disuse does not.











B Synovium




1. Vascularized connective tissue that lacks a basement membrane


2. Mediates nutrient exchange between blood and joint (synovial) fluid


3. Cell types




[image: image] Type A: important in phagocytosis


[image: image] Type B (fibroblast-like cells): produce synovial fluid


[image: image] Other undifferentiated cells: have a reparative role


[image: image] A third type of cell, type C, may exist as an intermediate cell type.





4. Synovial fluid




[image: image] Hyaluronic acid, lubricin, proteinase, collagenases, and prostaglandins


[image: image] An ultrafiltrate (dialysate) of blood plasma added to fluid produced by the synovial membrane


[image: image] Contains no RBCs, clotting factors, or hemoglobin


[image: image] Lubricates articular cartilage and provides nourishment through diffusion


[image: image] Exhibits nonnewtonian flow characteristics




[image: image] The viscosity coefficient µ is not a constant; the fluid is not linearly viscous.


[image: image] Viscosity increases as the shear rate decreases.





[image: image] Lubricin is the key lubricating glycoprotein component.


[image: image] Hyaluronan molecules in the knee become entangled and behave like an elastic solid during high-strain activities (running, jumping).





5. Histologic finding: chronic inflammation of the synovium




[image: image] Causes accumulation of lymphocytes


[image: image] Leads to hyperplasia of the intimal lining


[image: image] Neutrophils are absent








C Meniscus




1. Deepens the articular surface of various synovial joints




[image: image] The meniscus broadens the contact area and distributes load.


[image: image] These joints include acromioclavicular, sternoclavicular, glenohumeral, hip, and knee joints.


[image: image] The meniscus of the knee is the focus of this section.





2. More elastic and less permeable than articular cartilage


3. Transmits 50% of force across the knee in extension, up to 90% in deep flexion


4. Three years after total meniscectomy of the knee, 20% of patients have significant arthritic lesions and 70% have radiographic changes.




[image: image] All patients experience arthrosis after 20 years.


[image: image] The severity of degenerative changes is proportional to the amount of meniscus excised.





5. Anatomy (knee meniscus)




[image: image] Triangular semilunar structure


[image: image] Peripheral border attached to the joint capsule


[image: image] Shape of medial meniscus: semicircular; shape of lateral meniscus: circular





6. Histologic findings




[image: image] Fibroelastic cartilage (Figure 1-48)




[image: image]


Figure 1-48 Histologic appearance of menisci.





[image: image] An interlacing network of collagen fibers (90% type I)


[image: image] Proteoglycans, glycoproteins, and cellular elements (Box 1-3)





Box 1-3   Histologic Features of Meniscus





 Extracellular Matrix




Collagen




Types




• Primarily type I collagen (55%-65% of dry weight)


• Also types II, III, V, and VI (5%-10% of dry weight)





Layers




• Superficial layer: meshlike fibers oriented primarily radially


• Surface layer (deep to superficial layer): irregularly aligned collagen bundles


• Middle layer (deep): parallel circumferential fibers








Elastin (0.6% of dry weight)








	Proteoglycans

	 






	 

	}13% of dry weight






	Glycoproteins

	 










Adhesive glycoproteins (fibronectin, thrombospondin)











 Cellular Components




Function




Synthesize and maintain extracellular matrix


Anaerobic metabolism (few mitochondria)





Components: chondrocytes and fibroblasts (fibrochondrocytes)




Fusiform cells




• Found in superficial layer


• Resemble fibroblasts and chondrocytes


• Found in lacunae


• Contain abundant endoplasmic reticulum and Golgi cells





Ovoid cells




• Found in surface and middle layer


• Contain abundant endoplasmic reticulum and Golgi cells




















7. Innervation and blood supply (knee meniscus)




[image: image] Peripheral two thirds are innervated by types I and II nerve endings.




[image: image] The concentration of mechanoreceptors is highest in the posterior horns.


[image: image] Few fibers are found in the meniscal body.





[image: image] Blood supply is from the geniculate arteries.




[image: image] Vessels branch circumferentially to form a plexus supplying the peripheral 25% of the meniscus.


[image: image] The remaining meniscus receives nutrition through diffusion.





[image: image] Tears in the peripheral, vascularized region (“red zone”) can heal by means of fibrovascular scar formation.




[image: image] More central tears in the avascular region (“white zone”) cannot.


[image: image] The fibrochondrocyte is responsible for meniscal healing.


[image: image] Peripheral acute meniscal tears with a rim width larger than 4 mm have the best healing characteristics.














II ARTHROSES




A Groups (Table 1-21)




Table 1-21


Comparison of Common Arthritides


[image: image]


[image: image]


AFB, acid-fast bacilli; ANA, antinuclear antibody; ASA, acetylsalicylic acid; ASO, antistreptolysin O; CMC, carpometacarpal; CPK, creatine phosphokinase; CRP, C-reactive protein; DIP, distal interphalangeal; ECM, erythema chronicum migrans; ELISA, enzyme-linked immunosorbent assay; ESR, erythrocyte sedimentation rate; HLA, human leukocyte antigen; I&D, incision and drainage; MCP, metacarpophalangeal; MT, metatarsal; NSAID, nonsteroidal anti-inflammatory drug; PIP, proximal interphalangeal; PPD, purified protein derivative; PTT, partial thromboplastin time; RF, rheumatoid factor; ↓ ROM, decreased range of motion; TJA, total joint arthroplasty; WBC, white blood cell.





B Joint fluid analysis (Table 1-22)




Table 1-22


Joint Fluid Analysis


[image: image]


Modified from Brinker MR, Miller MD: Fundamentals of orthopaedics, Philadelphia, 1999, WB Saunders, p 26.







1. Noninflammatory arthritides




[image: image] White blood cell (WBC) count: 200/mm3, of which 25% are polymorphonuclear neutrophils (PMNs)


[image: image] Equal serum values of glucose and protein


[image: image] Normal viscosity (high)


[image: image] Straw color


[image: image] Firm mucin clot





2. Inflammatory arthritides




[image: image] WBC count: 2000/mm3 to 75,000/mm3, of which up to 50% are PMNs


[image: image] Moderately decreased glucose level (25 mg/dL lower than serum glucose level)


[image: image] Low viscosity


[image: image] Yellow-green


[image: image] Friable mucin clot


[image: image] Synovial fluid complement decreased in rheumatoid arthritis (RA), normal in ankylosing spondylitis





3. Infectious arthritides




[image: image] WBC count: more than 80,000/mm3, of which more than 75% are PMNs


[image: image] Positive Gram stain (also positive cultures later)


[image: image] Low glucose level (25 mg/dL lower than serum glucose level)


[image: image] Opaque fluid


[image: image] Increased synovial lactate








C Noninflammatory arthritides




1. Osteoarthritis (degenerative joint disease; see Table 1-21)




[image: image] Most common form of arthritis


[image: image] Causes




[image: image] Inflammation, overload, or decreased matrix production


[image: image] Osteoarthritic cartilage:




[image: image] Increased water content (in contrast with decreased water content with aging; see Table 1-18)


[image: image] Alterations in proteoglycans (decreased content, shorter chains, increased chondroitin/keratin sulfate ratio)


[image: image] Collagen abnormalities (disrupted by collagenase)


[image: image] Binding of proteoglycans to hyaluronic acid (caused by proteolytic enzymes from increased prostaglandin E levels and decreased numbers of link proteins)





[image: image] Cathepsins B and D levels and metalloproteinases (collagenase, gelatinase, stromelysin) increase.




[image: image] IL-1 enhances enzyme synthesis and may have a catabolic effect leading to cartilage degeneration.


[image: image] Glycosaminoglycans and polysulfuric acid may have a protective effect.





[image: image] Articular cartilage degradation involves an enzymatic cascade (Figure 1-49).




[image: image]


Figure 1-49 Enzyme cascade of interleukin-1–stimulated degradation of articular cartilage. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 40.)





[image: image] Cartilage degeneration is prompted by shear stress.




[image: image] Excessive stress and inadequate chondrocyte response


[image: image] Prevented by normal compressive forces





[image: image] Genetic predisposition may be important in osteoarthritis.


[image: image] Rapidly destructive osteoarthritis




[image: image] This type occurs most commonly in the hip.


[image: image] It may mimic septic arthritis, RA, seronegative arthritis, neuropathic arthritis, or osteonecrosis.


[image: image] The femoral head may be so flat as to appear sheared off.








[image: image] General characteristics




[image: image] Can be primary (intrinsic defect) or secondary (trauma, infection, congenital condition)


[image: image] Begins with deterioration and loss of the weight-bearing surface


[image: image] Followed by osteophyte development and osteochondral junction breakdown


[image: image] Later, cartilage disintegration and subchondral microfractures expose the bony surface.


[image: image] Radiographic findings:




[image: image] Subchondral cysts (secondary to microfracture, may contain amorphous gelatinous material)


[image: image] Osteophytes


[image: image] Joint space narrowing


[image: image] Eburnation of bone


[image: image] Best shown on tomograms or CT scans





[image: image] Microscopic changes (Figures 1-50 and 1-51)




[image: image]


Figure 1-50 Macrosection of an osteoarthritic human femoral head, demonstrating subarticular cysts, sclerotic bone formation, and an inferior femoral head osteophyte. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 35.)







[image: image]


Figure 1-51 Low-power micrograph of an osteoarthritic process, demonstrating fibrillation, fissures, and cartilage loss. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 34.)







[image: image] Loss of superficial chondrocytes


[image: image] Chondrocyte cloning (more than 1 chondrocyte per lacuna)


[image: image] Replication and breakdown of the tidemark


[image: image] Fissuring


[image: image] Cartilage destruction with eburnation of subchondral “pagetoid” bone





[image: image] The most common joint affected: the knee


[image: image] Physical examination




[image: image] Decreased ROM


[image: image] Crepitus


[image: image] Knee: asymmetric involvement


[image: image] Hand: distal interphalangeal (DIP), proximal interphalangeal (PIP), and carpometacarpal joints


[image: image] Hip: superolateral involvement








[image: image] Treatment




[image: image] Supportive measures (e.g., activity modification, use of a cane), including NSAIDs


[image: image] Surgical procedures




[image: image] These range from arthroscopic débridement to total joint arthroplasty (TJA).











2. Neuropathic arthropathy (Charcot joint disease) (Figure 1-52; see Table 1-21)




[image: image]


Figure 1-52 Anteroposterior radiograph of a shoulder in which severe destructive changes characteristic of neuropathic arthropathy are evident. (From Weissman BNW, Sledge CB: Orthopedic radiology, Philadelphia, 1986, WB Saunders, p 238.)







[image: image] An extreme form of osteoarthritis caused by disturbed sensory innervation


[image: image] Causes




[image: image] Diabetes




[image: image] Most common overall cause


[image: image] Charcot joint disease develops in 1% of patients with diabetic neuropathy


[image: image] Foot and ankle most commonly involved


[image: image] Other anatomic sites possible, including knee and hip





[image: image] Tabes dorsalis (syphilitic myelopathy; lower extremity)


[image: image] Syringomyelia




[image: image] This is the most common cause of upper-extremity neuropathic arthropathy (shoulder and elbow).


[image: image] Charcot joint disease develops in 25% of patients with syringomyelia; 80% of cases involve the upper extremity.





[image: image] Hansen’s disease




[image: image] Second most common cause of upper extremity neuropathic arthropathy





[image: image] Myelomeningocele: ankle and foot


[image: image] Congenital insensitivity to pain: ankle and foot


[image: image] Other neurologic problems (such as spinal cord injury)





[image: image] Diagnosis




[image: image] Typically in older patient with unstable, painless, swollen joint




[image: image] May manifest with hemarthrosis





[image: image] Radiographic findings:




[image: image] Advanced (severe) destructive changes on both sides of the joint


[image: image] Scattered “chunks” of bone embedded in fibrous tissue


[image: image] Joint distension by fluid


[image: image] Heterotopic ossification





[image: image] Difficult to differentiate Charcot’s arthropathy from osteomyelitis with physical examination and radiographs




[image: image] Symptoms of both: swelling, warmth, erythema, minimal pain, and a variable WBC count and erythrocyte sedimentation rate (ESR)


[image: image] Both entities common in diabetic patients


[image: image] Technetium bone scan: may look “hot” (positive) for both diseases


[image: image] Indium leukocyte scan: “hot” (positive) for osteomyelitis, “cold” (negative) for Charcot’s arthropathy








[image: image] Treatment




[image: image] Limitation of activity and appropriate bracing or casting




[image: image] Skin temperature of the involved side that is similar to that of the uninvolved side is the best indicator for discontinuing a total contact cast.





[image: image] Charcot joint disease: usually a contraindication for TJA and the use of other orthopaedic hardware








3. Acute rheumatic fever (see Table 1-21)




[image: image] This was formerly the most common cause of childhood arthritis.




[image: image] Rare since the advent of antibiotics





[image: image] Arthritis and arthralgias can follow untreated group A β-hemolytic streptococcal infections.


[image: image] The onset of red, tender, extremely painful joint effusions is acute.


[image: image] Systemic manifestations include the following:




[image: image] Carditis


[image: image] Erythema marginatum (painless macules with red margins, usually on the abdomen but never on the face)


[image: image] Subcutaneous nodules (extensor surfaces of the upper extremities)


[image: image] Chorea





[image: image] Arthritis is migratory and typically involves multiple large joints.


[image: image] Diagnosis is established if Jones criteria are fulfilled:




[image: image] Preceding streptococcal infection with two of the following major criteria:




[image: image] Carditis, polyarthritis, chorea, erythema marginatum, subcutaneous nodules





[image: image] Or with one major criterion and two of the following minor criteria:




[image: image] Fever, arthralgia, prior rheumatic fever, elevated ESR, prolonged PR interval on ECG study








[image: image] Antistreptolysin O titers are elevated in 80% of affected patients.


[image: image] Treatment includes penicillin and salicylates.





4. Ochronosis (see Table 1-21)




[image: image] Degenerative arthritis resulting from alkaptonuria




[image: image] A rare inborn defect of the homogentisic acid oxidase enzyme system (tyrosine and phenylalanine catabolism)





[image: image] Excess homogentisic acid deposited in the joints




[image: image] It then polymerizes (turns black), which leads to early degenerative changes.


[image: image] It can also be deposited in other tissues, such as the heart valves.





[image: image] Affected patients may also present with black urine


[image: image] Ochronotic spondylitis (Figure 1-53):




[image: image]


Figure 1-53 Ochronosis. Irregular calcification and narrowing of the intervertebral discs are present. Radiolucent streaks, evident anteriorly between the vertebral bodies, are not uncommon. Slipping of the vertebral bodies is typically minimal. (Courtesy of Samuel Fisher, MD.)







[image: image] Usually occurs during the fourth decade of life


[image: image] Includes progressive degenerative changes, disc space narrowing, and calcification (Table 1-23)




Table 1-23


Comparative Bony Changes of the Spine in the Arthritides






	Disorder

	Bony Change

	Radiographic Appearance






	Ochronosis

	Syndesmophytes (ossification of the annulus fibrosis of the intervertebral disc)

	Vertical syndesmophytes extending from the body of one vertebra to the adjacent vertebra






	Ankylosing spondylitis

	Syndesmophytes

	Similar to those of ochronosis






	Reiter’s syndrome and psoriatic spondylitis

	Ossification of the connective tissues adjacent to the spine

	Area of ossification is separated from the margin of the vertebral body, that of the intervertebral disc, or both






	Disseminated idiopathic skeletal hyperostosis

	Ossification of the connective tissues adjacent to the spine, the anterior longitudinal ligament, and the intervertebral disc

	Undulating osseous extension along the anterior portion of the spine
















5. Secondary pulmonary hypertrophic osteoarthropathy




[image: image] A clinical diagnosis


[image: image] Involves a lung tumor mass, joint pain and stiffness, periostitis of the long bones, and clubbing of the fingers








D Inflammatory arthritides




1. Radiographic findings: generally evidence of destruction on both sides of a joint


2. Laboratory findings: sometimes confusing (Tables 1-24 and 1-25)




Table 1-24


Commonly Confused Laboratory Findings in Inflammatory Arthritic Conditions






	Finding

	Conditions in Which Finding May Be Positive

	Conditions in Which Finding Is Usually Negative






	Rheumatoid factor

	Rheumatoid arthritis

	Ankylosing spondylitis






	 

	Sjögren’s syndrome

	Gout






	 

	Sarcoid

	Psoriatic arthritis






	 

	Systemic lupus erythematosus

	Reiter’s syndrome






	Positivity for HLA-B27*


	Ankylosing spondylitis
Reiter’s syndrome
Psoriatic arthritis
Enteropathic arthritis

	 






	Antinuclear antibody (ANA)

	Systemic lupus erythematosus
Sjögren’s syndrome
Scleroderma

	 







*Approximately 6% of all white people are HLA-B27 positive.


Modified from Brinker MR, Miller MD: Fundamentals of orthopaedics, Philadelphia, 1999, WB Saunders, p 27.







Table 1-25


Associations between HLA Alleles and Susceptibility to Some Rheumatic Diseases


[image: image]


HLA, human leukocyte antigen.


Adapted from Nepom BS, Nepom GT: Immunogenetics and the rheumatic diseases. In McCarty DJ, Koopman WJ, editors: Arthritis and allied conditions: a textbook of rheumatology, ed 12, Philadelphia, 1993, Lea & Febiger.





3. Rheumatoid arthritis (see Table 1-21)




[image: image] The most common inflammatory arthritis




[image: image] Affects 3% of women and 1% of men





[image: image] Diagnostic criteria of the American Rheumatism Association:




[image: image] Morning stiffness


[image: image] Swelling


[image: image] Nodules


[image: image] Positive laboratory test results


[image: image] Radiographic findings





[image: image] Causes




[image: image] Unclear; probably related to a cell-mediated immune response (T cell):




[image: image] Incites an inflammatory response


[image: image] Response is initially against soft tissues


[image: image] Response is later against cartilage (chondrolysis) and bone (periarticular bone resorption)





[image: image] Mononuclear cells: the primary cellular mediators of tissue destruction in RA


[image: image] May be associated with an infectious cause or a human leukocyte antigen (HLA) locus (HLA-DR4 and HLA-DW4)


[image: image] Lymphokines, cytokines (particularly IL-1 and TNF-α), and other inflammatory mediators: initiate a destructive cascade that leads to joint destruction




[image: image] TNF-α increases chondrocyte secretion of matrix metalloproteinases, which degrades the cartilage extracellular matrix.





[image: image] In RA, cartilage is sensitive to PMN degradation and IL-1 effects (phospholipase A2, prostaglandin E2, and plasminogen activators)


[image: image] Class II molecules: involved in antigen–T lymphocyte interaction





[image: image] General characteristics




[image: image] Insidious onset, morning stiffness, and polyarthritis


[image: image] Hands (ulnar deviation and subluxation of the metacarpophalangeal [MCP] joints) and feet (metatarsophalangeal joints, claw toes, and hallux valgus) affected early




[image: image] Also common in the knees, elbows, shoulders, ankles, and cervical spine





[image: image] Subcutaneous nodules




[image: image] Observed in 20% of RA patients during their lifetime





[image: image] Synovium and soft tissues affected first




[image: image] Joints significantly involved only later





[image: image] Early in the disease process, the RA-inflamed synovium shows a proliferation of blood vessels


[image: image] Late synovial changes




[image: image] Hyperplastic cells


[image: image] Intimal hyperplasia


[image: image] Increased blood vessels


[image: image] Abundant lymphocytes and rare neutrophils





[image: image] Pannus ingrowth denudes articular cartilage and leads to chondrocyte death




[image: image] There are almost no lymphocytes in pannus, however.





[image: image] Laboratory findings




[image: image] ESR and C-reactive protein level are elevated.


[image: image] Rheumatoid factor (RF) titer is positive in approximately 80% of affected patients.


[image: image] RF autoantibodies are directed against the crystallizable fragment (Fc) portion of immunoglobulin G (IgG). RF is most commonly immunoglobulin M (IgM) but can be any immunoglobulin type.





[image: image] Joint fluid assays can also demonstrate RF, decreased complement levels, and other helpful information.


[image: image] Systemic manifestations




[image: image] Rheumatoid vasculitis


[image: image] Pericarditis


[image: image] Pulmonary disease (pleurisy, nodules, fibrosis)





[image: image] Popliteal cysts in rheumatoid patients (confirmed by ultrasonography), which can mimic thrombophlebitis


[image: image] Felty’s syndrome




[image: image] RA with splenomegaly and leukopenia





[image: image] Still’s disease




[image: image] Acute-onset juvenile RA (JRA) with fever, rash, and splenomegaly





[image: image] Sjögren’s syndrome




[image: image] An autoimmune exocrinopathy often associated with RA.


[image: image] Decreased salivary and lacrimal gland secretion (keratoconjunctivitis sicca complex) and lymphoid proliferation








[image: image] Radiographic characteristics (Figure 1-54):




[image: image]


Figure 1-54 Rheumatoid arthritis. A, Clinical photograph of the hand of a patient with advanced rheumatoid arthritis. Note ulnar drift of the metacarpophalangeal (MCP) joints, caused by the ulnar shift of the extensor tendons, dislocations of the MCP joints, and thumb deformities. B, Anteroposterior radiograph of the hand and wrist of a patient with rheumatoid arthritis. Note severe erosive destruction of the distal radioulnar joint and diffuse osteopenia. (From Bogumil GP: The hand. In Wiesel SW, Delahay JN, editors: Essentials of orthopaedic surgery, ed 2, Philadelphia, 1997, WB Saunders, p 263.)







[image: image] Periarticular erosions and osteopenia




[image: image] All three knee compartments may show osteoporosis and erosions.





[image: image] Protrusio acetabuli




[image: image] Medial displacement of the acetabulum beyond the radiographic teardrop with medial migration of the femoral head into the pelvis


[image: image] Common in RA, as well as in ankylosing spondylitis, Paget’s disease, metabolic bone diseases, Marfan’s syndrome, Otto’s pelvis, and other conditions








[image: image] Treatment




[image: image] Goals:




[image: image] Control synovitis and pain


[image: image] Maintain joint function


[image: image] Prevent deformities





[image: image] A multidisciplinary approach involving therapeutic drugs, physical therapy, and sometimes surgery is necessary


[image: image] The “pyramid” approach to RA drug therapy




[image: image] Begins with NSAIDs


[image: image] Slowly progresses to antimalarials, remittent agents (methotrexate, sulfasalazine, gold, and penicillamine), steroids, and cytotoxic drugs


[image: image] May include experimental drugs




   [image: image] Doxycycline has shown early promise in reducing inflammation in RA.








[image: image] The pyramid approach has been challenged in favor of disease-modifying antirheumatic drugs (DMARDs).




[image: image] These drugs are intended to address underlying causes for the disease (e.g., autoimmune response) rather than only the effects (e.g., inflammation).


[image: image] They include methotrexate, azathioprine, and anakinra (an IL-1 inhibitor).


[image: image] Most new DMARDs, such as infliximab and etanercept, target TNF-α.




   [image: image] These drugs should be discontinued before elective surgery, to decrease risk of infection.








[image: image] Surgery




[image: image] Synovectomy, only if aggressive drug therapy fails


[image: image] Soft tissue realignments




   [image: image] Usually not favored because deformity progresses





[image: image] Various reconstructive procedures




   [image: image] Risk of infection after TJA is increased








[image: image] If performed early, chemical and radiation synovectomy can be successful.


[image: image] Operative synovectomy (open or arthroscopic) in the knee




[image: image] Decreases pain and swelling associated with the synovitis


[image: image] Does not prevent radiographic progression or the need for future total knee arthroplasty (TKA)


[image: image] Does not improve joint ROM





[image: image] After all forms of synovectomy, the synovium initially regenerates normally but degenerates to rheumatoid synovial tissue over time


[image: image] Preoperative evaluation of the cervical spine with radiographs is important.








4. Systemic lupus erythematosus (SLE) (Tables 1-26 and 1-27; see also Table 1-25)




Table 1-26


Sarcomere






	Band

	Description






	A band

	Contains actin and myosin






	I band

	Contains actin only






	H band

	Contains myosin only






	M line

	Interconnecting site of the thick filaments






	Z line

	Anchors the thin filaments







From Brinker MR, Miller MD: Fundamentals of Orthopaedics, Philadelphia, 1999, WB Saunders, p 11.







Table 1-27


Agents That Affect Neuromuscular Impulse Transmission


[image: image]







[image: image] SLE is a chronic inflammatory disease of unknown origin.




[image: image] Usually affects women (especially African Americans)


[image: image] Probably related to the immune complex


[image: image] Patients with SLE typically have positive antinuclear antibody (ANA) and HLA-DR3 titers and may have positive RF titers.





[image: image] Manifestations include the following:




[image: image] Fever


[image: image] Butterfly malar rash


[image: image] Pancytopenia


[image: image] Pericarditis


[image: image] Nephritis


[image: image] Polyarthritis





[image: image] Joint involvement is the most common feature.




[image: image] Affecting more than 75% of patients with SLE





[image: image] The arthritis in SLE typically manifests as acute, red, tender swelling of the PIP joints, MCP joints, carpus, knees, and other joints.


[image: image] SLE is typically not as destructive as RA.


[image: image] Treatment for SLE arthritis is usually the same medications as for RA.


[image: image] Mortality in SLE is usually related to renal disease.


[image: image] The differential diagnosis includes polymyositis and dermatomyositis.




[image: image] These two conditions also manifest with symmetric weakness with or without a characteristic “heliotropic” rash of the upper eyelids.








5. Polymyalgia rheumatica




[image: image] Common among elderly persons


[image: image] Aching and stiffness of the shoulder and pelvic girdle, associated with malaise, headaches, and anorexia


[image: image] Physical examination findings: usually unremarkable


[image: image] Findings of laboratory studies:




[image: image] Markedly elevated ESR


[image: image] Anemia


[image: image] Increased alkaline phosphatase level


[image: image] Increased immune complexes





[image: image] Usually treated symptomatically




[image: image] Steroids for refractory cases





[image: image] May be associated with temporal arteritis




[image: image] Biopsy necessary for definitive diagnosis


[image: image] Also requires timely treatment with high-dose steroids; if left untreated, may rapidly result in total blindness








6. Juvenile rheumatoid arthritis (see Tables 1-21 and 1-25)




[image: image] Seronegativity denotes negative RF titers.


[image: image] Seropositivity denotes positive RF titers.




[image: image] The incidence of seropositivity is estimated to be less than 15% of JRA cases.


[image: image] The incidence of chronic, active, and progressive disease is higher.





[image: image] In early-onset JRA, onset of disease occurs before the teens; in late-onset JRA, onset of disease occurs during the teens or later.


[image: image] Types include the following:




[image: image] Systemic (20%)


[image: image] Polyarticular (50%)




[image: image] Five or more joints are involved.


[image: image] Seronegative polyarticular JRA is more frequent in girls.


[image: image] Seropositive polyarticular JRA is also more frequent in girls.




   [image: image] Exhibits destructive degenerative joint disease


   [image: image] Frequently develops into adult RA








[image: image] Pauciarticular (30%)




[image: image] Four or fewer joints are involved.


[image: image] Onset peaks at ages 2 to 4 years.


[image: image] Average duration of disease is 2 years, 9 months.




   [image: image] In 50% of cases, disease lasts less than 2 years.





[image: image] Early-onset pauciarticular JRA has two distinctive characteristics:




   [image: image] More frequent in girls


   [image: image] Associated with iridocyclitis in 50% of cases (particularly in patients with a positive ANA titer)





[image: image] Late-onset pauciarticular JRA has one distinctive characteristic:




   [image: image] Observed in boys more commonly than in girls











[image: image] JRA may also be associated with an HLA locus.




[image: image] HLA-DR2, HLA-DR4, HLA-DR5, HLA-DR8, and HLA-B27 in boys





[image: image] Treatment:




[image: image] High-dose aspirin


[image: image] Occasionally gold or remittent agents (refractory polyarticular)


[image: image] Frequent ophthalmologic examinations (with a slit lamp) for asymptomatic ocular involvement


[image: image] Most common joint affected: the knee, followed by the finger/wrist, ankle, hip, and cervical spine




[image: image] C-spine fusion or instability can occur











7. Relapsing polychondritis (see Table 1-21)




[image: image] Rare disorder




[image: image] Episodic inflammation


[image: image] Diffuse, self-limiting arthritis


[image: image] Progressive cartilage destruction with or without systemic vasculitis





[image: image] Typically involves the ears (thickening of the auricle)




[image: image] Also observed are inflammatory eye disorders, tracheal involvement, hearing disorders, and sometimes cardiac involvement.





[image: image] May be an autoimmune disorder (affected by type II collagen)


[image: image] Treatment is supportive





8. Spondyloarthropathies/enthesopathies (occur at ligament insertions into bone)




[image: image] Characterized by a positive HLA-B27 (sixth chromosome, D locus) titer and a negative RF titer


[image: image] Ankylosing spondylitis (see Tables 1-21, 1-24, and 1-25)




[image: image] Diagnostic criteria:




[image: image] Bilateral sacroiliitis


[image: image] With or without acute anterior uveitis


[image: image] HLA-B27–positive male patient





[image: image] Insidious onset of back pain




[image: image] Associated morning stiffness


[image: image] Hip pain


[image: image] Third to fourth decades of life





[image: image] Radiographic changes (Figure 1-55; see Table 1-23)




[image: image]


Figure 1-55 Anteroposterior radiograph of the lumbar spine and sacroiliac joints of a patient with ankylosing spondylitis, demonstrating typical marginal syndesmophytes (arrows). Note bilateral involvement of the sacroiliac joints. (From Bullough PG, Vigorita VJ: Atlas of orthopaedic pathology, Philadelphia, 1984, Gower Medical, p 811.)







[image: image] Squaring of the vertebrae


[image: image] Vertical syndesmophytes


[image: image] Obliteration of sacroiliac joints


[image: image] “Whiskering” of the enthesis





[image: image] Progressive spinal flexion deformities, advancing for approximately 20 years




[image: image] Ascending ankylosis of the spine usually begins in the thoracolumbar spine, often causing the entire spine to become rigid.





[image: image] Spinal manifestationsL




[image: image] “Chin on chest” deformity (may require corrective osteotomy of the cervicothoracic junction)


[image: image] Difficult cervical spine fractures, associated with epidural hemorrhage (high mortality rate)




   [image: image] Best diagnosed on a CT scan


   [image: image] Rate of neurologic involvement: 75%





[image: image] Severe kyphotic deformities (corrected by means of a posterior closing wedge osteotomy)


[image: image] Spondylodiscitis may develop in the late stage.





[image: image] Other extraskeletal manifestations:




[image: image] Iritis


[image: image] Aortitis


[image: image] Colitis


[image: image] Arachnoiditis


[image: image] Amyloidosis


[image: image] Sarcoidosis





[image: image] Pulmonary involvement (restriction of chest excursion [less than 2 cm]), hip involvement, and young age at onset: prognostic of poor outcome


[image: image] Treatment




[image: image] Initial




   [image: image] Physical therapy


   [image: image] NSAIDs (phenylbutazone is best but can cause bone marrow depression)





[image: image] Bilateral THA




   [image: image] Often helps with lower spinal and hip flexion deformities, and pain or morning stiffness





[image: image] Ankylosing spondylitis is often associated with heart disease and pulmonary fibrosis








[image: image] Reiter’s syndrome (see Tables 1-21 and 1-23 through 1-25) (Figure 1-56)




[image: image]


Figure 1-56 Lateral radiograph of the calcaneus of a patient with Reiter’s syndrome, showing fluffy periosteal calcifications (arrows).







[image: image] Classical presentation is of a young man with the triad of conjunctivitis, urethritis, and oligoarticular arthritis.




[image: image] Mnemonic: “Can’t see, pee, or bend the knee”





[image: image] Other common findings include the following:




[image: image] Painless oral ulcers


[image: image] Penile lesions


[image: image] Pustular lesions on the extremities, palms, and soles (keratoderma blennorrhagicum)


[image: image] Plantar heel pain





[image: image] The arthritis usually causes sudden asymmetric swelling and pain in weight-bearing joints.


[image: image] Recurrence is common and can lead to metatarsal head erosion and calcaneal periostitis.


[image: image] Approximately 80% to 90% of patients with Reiter’s syndrome are HLA-B27 positive.




[image: image] Of patients with Reiter’s syndrome, 60% with chronic disease have sacroiliitis.





[image: image] Treatment includes NSAIDs, physical therapy, and possibly sulfa drugs.





[image: image] Psoriatic arthropathy (see Tables 1-21 and 1-23 through 1-25)




[image: image] Affects approximately 5% to 10% of patients with psoriasis


[image: image] HLA-B27 is found in 50% of patients.




[image: image] Many HLA loci may be involved.





[image: image] Many forms exist; most patients have the oligoarticular form.




[image: image] Asymmetrically affects small joints of the hands and feet


[image: image] Nail pitting (also fragmentation and discoloration)


[image: image] “Sausage” digits


[image: image] “Pencil-in-cup” deformity (DIP involvement; Figure 1-57)




[image: image]


Figure 1-57 Anteroposterior radiograph of the distal interphalangeal joint of the foot in a patient with psoriatic arthritis, showing the classic pencil-in-cup deformity (arrow).








[image: image] Treatment is similar to that for RA.





[image: image] Enteropathic arthritis (see Tables 1-21, 1-24, and 1-25)




[image: image] Of patients with Crohn’s disease and ulcerative colitis, 10% to 20% experience peripheral joint arthritis.




[image: image] Five percent or more experience axial disease.





[image: image] Nondeforming arthritis




[image: image] Occurs more commonly in large, weight-bearing joints





[image: image] Usually manifests as an acute monarticular synovitis that may precede any bowel symptoms


[image: image] Approximately half of all affected persons are HLA-B27 positive.


[image: image] Ten percent to 15% of cases are associated with ankylosing spondylitis.








9. Crystal deposition disease




[image: image] Gout (Figure 1-58; see Table 1-21)




[image: image]


Figure 1-58 Anteroposterior radiograph of the proximal interphalangeal joint of a finger in a patient with gout. Note the soft tissue swelling, “punched out” periarticular erosions, and sclerotic overhangings bordering the joint (arrowheads). (From Resnick D, Niwayama G: Diagnosis of bone and joint disorders, Philadelphia, 1981, WB Saunders, p 1478.)







[image: image] Disorder of nucleic acid metabolism causing hyperuricemia




[image: image] Deposition of monosodium urate crystals in joints





[image: image] Cause




[image: image] The crystals activate inflammatory mediators.




   [image: image] These mediators include proteases, chemotactic factors, prostaglandins, leukotriene B4, and free oxygen radicals.


   [image: image] The inflammatory mediators are inhibited by colchicine.





[image: image] The crystals also activate platelets, IL-1 production, and the complement system.


[image: image] Phagocytosis is inhibited by phenylbutazone and indomethacin (Indocin).


[image: image] Local polypeptides may inhibit the crystal inflammatory response by means of a glycoprotein “coating.”


[image: image] Gout may be precipitated by chemotherapy for myeloproliferative disorders.





[image: image] Diagnosis




[image: image] Recurrent arthritis attacks, especially in men 40 to 60 years of age




   [image: image] Usually in the lower extremity, great toe (podagra)





[image: image] Crystal deposition as tophi




   [image: image] Ear helix, eyelid, olecranon, Achilles tendon


   [image: image] Usually observed in the chronic form





[image: image] Renal disease or stones




   [image: image] Kidneys are the second most commonly affected organ.





[image: image] Radiographic findings:




   [image: image] Soft tissue changes


   [image: image] “Punched-out” periarticular erosions with sclerotic overhanging borders (see Figure 1-58)





[image: image] Monosodium urate crystals—thin, tapered intracellular crystals that are strongly negatively birefringent (Figure 1-59) in joint aspirate—must be present for the diagnosis.




[image: image]


Figure 1-59 Monosodium gout crystals in synovial fluid under polarized light. (From McPherson RA, Pincus MR, editors: Henry’s clinical diagnosis and management by laboratory methods, ed 21, Philadelphia, 2007, WB Saunders–Elsevier.)







   [image: image] Elevated serum uric acid level is not diagnostic.








[image: image] Treatment:




[image: image] Initial treatment of acute attacks with indomethacin (50 mg three times daily)




   [image: image] A rheumatology consultation is necessary afterwards.


   [image: image] Patients with gastrointestinal symptoms or a history of peptic ulcer disease should receive intravenous colchicine for acute attacks.





[image: image] Allopurinol is used to lower the serum uric acid levels in hyperuricemic patients with chronic gout.




   [image: image] It is a xanthine oxidase inhibitor; xanthine oxidase is needed for the conversion of hypoxanthine to xanthine and xanthine to uric acid.


   [image: image] Also given before chemotherapy for myeloproliferative disorders





[image: image] Colchicine is used for prophylaxis after recurrent attacks.








[image: image] Chondrocalcinosis (see Table 1-21)




[image: image] Caused by several disorders, including the following:




[image: image] Calcium pyrophosphate (dihydrate crystal) deposition disease (CPPD), or “pseudogout”




   [image: image] A disorder of pyrophosphate metabolism


   [image: image] Occurs in older patients


   [image: image] Occasionally causes acute attacks, usually in the lower extremities, especially the knee, which can be mistaken for septic arthritis


   [image: image] Short, blunt, rhomboid-shaped crystals that are weakly positively birefringent (Figure 1-60) are observed in neutrophilic leukocytes in knee aspirate




[image: image]


Figure 1-60 Calcium pyrophosphate crystals (arrows) in synovial fluid. (From Firestein GS et al, editors: Kelley’s textbook of rheumatology, ed 8, Philadephia, 2008, WB Saunders.)








[image: image] Ochronosis


[image: image] Hyperparathyroidism


[image: image] Hypothyroidism


[image: image] Hemochromatosis





[image: image] Chondrocalcinosis of knee menisci: often related to a previous knee injury


[image: image] Radiographs: fine linear calcification in hyaline cartilage and more diffuse calcification of menisci (Figure 1-61) and other fibrocartilage (triangular fibrocartilage complex, acetabular labrum)




[image: image]


Figure 1-61 Anteroposterior radiograph demonstrating calcium pyrophosphate deposition disease (pseudogout) in the meniscus of the knee. Note calcification within the (fibrocartilage) meniscus (solid arrow) and articular involvement, with fine linear calcification of hyaline cartilage (open arrow). (From Weissman BNW, Sledge CB: Orthopaedic radiology, Philadelphia, 1986, WB Saunders, p 549.)





[image: image] NSAIDs often helpful


[image: image] Intraarticular yttrium-90: injections have successfully reduced symptoms in chronic cases





[image: image] Calcium hydroxyapatite crystal deposition disease




[image: image] Also associated with chondrocalcinosis and degenerative joint disease


[image: image] Destructive arthropathy commonly observed in the knee and shoulder


[image: image] “Milwaukee shoulder”: calcium phosphate deposition in the shoulder along with cuff tear arthropathy


[image: image] Calcium hydroxyapatite crystals are too small to see with light microscopy


[image: image] Treatment is generally supportive





[image: image] Birefringence




[image: image] Positive: When long axis of crystal is parallel to the compensator (of the microscope), the crystal is blue.


[image: image] Negative: When long axis of crystal is parallel to the compensator, the crystal is yellow.




[image: image] When the crystal’s long axis is perpendicular to the compensator, the color rules are reversed.





[image: image] If the birefringence of the crystal is weak, the crystal appears dull.


[image: image] If the birefringence of the crystal is strong, the crystal appears bright and shiny.











E Infectious arthritides




1. Pyogenic arthritis (see Table 1-21)




[image: image] Cause




[image: image] Hematogenous spread


[image: image] Extension of osteomyelitis


[image: image] Posttraumatic (fight bites, open injuries)


[image: image] Postoperative (iatrogenic)





[image: image] Commonly occurs in children


[image: image] Adults at high risk include the following:




[image: image] Intravenous drug abusers




[image: image] Especially when the sternoclavicular and sacroiliac joints are affected





[image: image] Sexually active young adults




[image: image] Neisseria gonorrhoeae infection (intracellular diplococci), especially if observed with skin papules





[image: image] Patients with diabetes (the feet and lower extremities are mainly affected)


[image: image] Patients with RA





[image: image] Histologic findings:




[image: image] Synovial hyperplasia may be demonstrated.


[image: image] Numerous PMNs are present.


[image: image] Cartilage destruction is evident.




[image: image] Can be direct (from proteolytic enzymes) or indirect (from pressure and lack of nutrition)








[image: image] Treatment:




[image: image] Incision and drainage


[image: image] Antibiotics for up to several weeks








2. Tuberculous arthritis (see Table 1-21)




[image: image] Chronic granulomatous infection




[image: image] Mycobacterium tuberculosis


[image: image] Usually invades joints by hematogenous spread





[image: image] Spine and lower extremities most often involved


[image: image] Common in Mexico and Asia


[image: image] Eighty percent of cases are monarticular


[image: image] Characteristic radiographic findings:




[image: image] Osteolytic changes on both sides of the joint


[image: image] Subchondral osteoporosis


[image: image] Cystic changes


[image: image] Notchlike, bony destruction at the joint edge


[image: image] Joint space narrowing





[image: image] Diagnosis




[image: image] Positive results of purified protein derivative test


[image: image] Acid-fast bacilli and “rice bodies” (fibrin) in synovial fluid


[image: image] Cultures may take several weeks to yield positive results





[image: image] Histologic study: may demonstrate characteristic granulomas with Langerhans giant cells (peripheral nuclei)


[image: image] Treatment:




[image: image] Incision and drainage


[image: image] Long-term (6 months) antibiotics (isoniazid, rifampin or rifabutin, pyrazinamide, and pyridoxine)








3. Fungal arthritis (see Table 1-21)




[image: image] This condition is most common in neonates, patients with acquired immunodeficiency syndrome (AIDS), and drug abusers.


[image: image] Pathogens include Candida albicans.


[image: image] Potassium hydroxide (KOH) preparations of synovial fluid should be studied.




[image: image] Helpful because cultures require prolonged incubation





[image: image] Arthritis can be treated with fluconazole.


[image: image] Amphotericin is often required.




[image: image] Sometimes administered intraarticularly, with fewer side effects








4. Lyme disease (see Table 1-21)




[image: image] Acute, self-limiting joint effusions




[image: image] Especially in the shoulder and knee


[image: image] Recur frequently





[image: image] Spirochete Borrelia burgdorferi (Borrelia garinii in Europe).




[image: image] Transmitted by tick bites (Ixodidae)


[image: image] Endemic in half the United States


[image: image] Transmission occurs in approximately 10% of bites by infected ticks





[image: image] Sometimes called the “great mimicker”


[image: image] Possible systemic signs:




[image: image] Characteristic “bull’s-eye” rash (erythema migrans)


[image: image] Neurologic (Bell’s palsy is common)


[image: image] Cardiac symptoms





[image: image] Three stages:




[image: image] I: rash


[image: image] II: neurologic symptoms


[image: image] III: arthritis





[image: image] Accumulation of immune complexes and cryoglobulins in the synovial fluid


[image: image] Diagnosis:




[image: image] Confirmed by enzyme-linked immunosorbent assay (ELISA) testing


[image: image] Should be sought in endemic areas after a Gram stain and joint cultures of an infectious aspirate show no organisms





[image: image] Treatment:




[image: image] Doxycycline (most effective)


[image: image] Amoxicillin


[image: image] Cefuroxime


[image: image] Erythromycin


[image: image] Ceftriaxone for carditis











F Hemorrhagic effusions




1. Hemophilic arthropathy (see Table 1-21)




[image: image] X-linked recessive disorder




[image: image] Factor VIII deficiency: hemophilia A (classic)


[image: image] Factor IX deficiency: hemophilia B (Christmas disease)





[image: image] Associated with repeated hemarthrosis caused by minor trauma




[image: image] The condition leads to synovitis, cartilage destruction (enzymatic processes), and joint deformity.


[image: image] Repeated episodes lead to replacement of the normal joint capsule with dense scar tissue.





[image: image] Disease severity related to the degree of factor VIII deficiency:




[image: image] Mild disease: levels of factor VIII are 5% to 25%


[image: image] Moderate disease: 1% to 5%


[image: image] Severe disease: 0% to 1%





[image: image] Home factor treatment has reduced incidence substantially.


[image: image] Diagnosis:




[image: image] Most commonly involved: knee




[image: image] Followed by elbow, ankle, shoulder, and spine





[image: image] Joint swelling, decreased ROM, and pain


[image: image] Concomitant infection: ruled out by examination of joint aspirate


[image: image] Radiographic findings: may demonstrate variable changes




[image: image] “Squared off” patella (Jordan’s sign)


[image: image] Widening of the intercondylar notch


[image: image] Enlarged femoral condyles, appearing to “fall off” the tibia (Figure 1-62)




[image: image]


Figure 1-62 Radiographic changes of hemophilia. A, Anteroposterior radiograph of the knee, showing enlargement and ballooning of the distal femur, flattening of the distal femoral condyles, marked joint space narrowing, and severe widening of the intercondylar notch (arrows). B and C, Images showing the variation in radiographic changes that can occur in the patella; in B, the bone appears “squared off” (Jordan’s sign), and in C, it appears elongated and thinned. (From Resnick D, Niwayama G: Diagnosis of bone and joint disorders, Philadelphia, 1981, WB Saunders, p 2025.)








[image: image] Ultrasonography: to diagnose and monitor intramuscular bleeding




[image: image] Iliacus hematomas can cause femoral nerve palsies.








[image: image] Treatment:




[image: image] Correction of factor levels




[image: image] Factor VIII: to 40% to 50% of normal levels





[image: image] Splints and bracing


[image: image] Compressive dressings


[image: image] Analgesics


[image: image] Steroids (occasionally helpful)


[image: image] Surgical management




[image: image] Synovectomy for recurrent hemarthroses refractory to medical treatment




   [image: image] Reduces incidence of recurrent hemarthroses; causes less pain and swelling





[image: image] TJA for end-stage arthropathy


[image: image] Arthrodesis, especially for the ankle


[image: image] Preoperative screen for factor VIII inhibitors, specific IgG antibodies




   [image: image] Monoclonal recombinant factor VIII products are prone to induce action of inhibitors.


   [image: image] Inhibitors are present in 5% to 25% of affected patients and can develop any time.


   [image: image] Their presence is a relative contraindication to elective surgery.


   [image: image] Affected patient have no response to factor replacement therapy.


   [image: image] Other strategies to provide hemostasis are required.





[image: image] Maintenance of factor levels




   [image: image] Should be near 100% during the first postoperative week


   [image: image] At 50% to 75% the second week








[image: image] Synoviorthesis




[image: image] Destruction of synovial tissue by intraarticular injection of a radioactive agent: colloidal phosphorus-32 chromic phosphate


[image: image] For chronic hemophilic synovitis that is resistant to conventional treatment








[image: image] High incidence of human immunodeficiency virus (HIV) seropositivity (up to 90%)





2. Sickle cell disease




[image: image] Hemoglobin SS is found in 1% of black North Americans.


[image: image] This hemoglobin type leads to local infarction as a result of capillary stasis.


[image: image] Bony infarcts and ischemic necrosis may occur in multiple bones.




[image: image] Thalassemia does not produce infarcts or ischemic necrosis.


[image: image] Osteonecrosis, particularly of the femoral head, is common among patients with sickle cell disease.





[image: image] Dactylitis with metacarpal/metatarsal periosteal new bone formation may also be observed.


[image: image] Osteomyelitis is not uncommon.




[image: image] Salmonella species are the most characteristic infecting organisms.


[image: image] Staphylococcus species are the most common infecting organisms.


[image: image] Salmonella infection can spread from a gallbladder infection.





[image: image] ESR is usually falsely low.


[image: image] TJA results are poor because of ongoing negative bone remodeling.





3. Pigmented villonodular synovitis (PVNS) (Figure 1-63; see Table 1-21)




[image: image]


Figure 1-63 Localized pigmented villonodular synovitis. A, Arthroscopic view localized to the medial knee joint. B, Histologic view of vascular channels, giant cells, and blood pigments (hematoxylin and eosin stain, ×100). C, Histologic view of giant cells in synovial villus (hematoxylin and eosin stain, ×400).







[image: image] Synovial disease often affects young adults with PVNS.


[image: image] PVNS is characterized by exuberant proliferation of villi and nodules.


[image: image] Synovium is frequently rust colored or brown.




[image: image] Extensive hemosiderin deposits are present.





[image: image] Pain, swelling, synovitis, and a rust-colored or bloody effusion are common.


[image: image] The knee is the most frequent site.




[image: image] Occasional involvement of hip and ankle





[image: image] Radiographic findings:




[image: image] Well-defined juxtacortical erosions with sclerotic margins





[image: image] Histologic findings:




[image: image] Pigmented synovial histiocytes


[image: image] Foam cells (lipid-laden histiocytes)


[image: image] Multinucleated giant cells





[image: image] Treatment:




[image: image] Surgical excision (total synovectomy) of the affected synovium may be performed.


[image: image] Microscopic residual disease may be treated with intraarticular dysprosium (a radioisotope).


[image: image] Localized PVNS necessitates only nodule resection.



























section 3 Neuromuscular and Connective Tissues







I SKELETAL MUSCLE




A Noncontractile elements (Figure 1-64)




[image: image]


Figure 1-64 Skeletal muscle architecture. (From Brinker MR, Miller MD: Fundamentals of orthopaedics, Philadelphia, 1999, WB Saunders, p 10.)







1. Muscle body




[image: image] Epimysium surrounds individual muscle bundles.


[image: image] Perimysium surrounds muscle fascicles.


[image: image] Endomysium surrounds individual fibers.





2. Myotendinous junction




[image: image] This is the weak link in the muscle, often the site of tears.




[image: image] Especially with eccentric contractions





[image: image] Sarcolemma filaments interdigitate with the basement membrane (type IV collagen) and tendon tissue (type I collagen).


[image: image] Involution of muscle cells in this region provides maximum surface area for attachment.


[image: image] Linking proteins and specialized membrane proteins are also present.





3. Sarcoplasmic reticulum




[image: image] Stores calcium in intracellular membrane–bound channels




[image: image] Includes T-tubules, which go to each myofibril


[image: image] Also includes terminal cisternae, small storage areas (Figure 1-65)




[image: image]


Figure 1-65 Sarcoplasmic reticulum. Action potentials travel down the transverse tubules, causing calcium release from the outer vesicles. (From DeLee JC, et al, editors: DeLee and Drez’s orthopaedic sports medicine: principles and practice, ed 3, Philadephia, 2009, WB Saunders.)














B Contractile elements (see Figure 1-64)




1. Derived from myoblasts


2. Each muscle composed of several muscle fascicles


3. Fascicles contain muscle fibers, the basic unit of contraction.




[image: image] A muscle fiber is an elongated cell.


[image: image] Fibers are usually parallel but can run oblique to one another (e.g., bipennate muscle).


[image: image] Fiber architecture is specific for the required function.





4. Fibers are composed of myofibrils (1 to 3 µm in diameter and 1 to 2 cm long).


5. A myofibril is a collection of sarcomeres.


6. Sarcomeres are characterized as follows:




[image: image] Thick (myosin) and thin (actin) filaments arranged to allow fibers to slide past each other


[image: image] Arranged into bands and lines (see Figure 1-64, Table 1-26)


[image: image] The H band: contains only thick (myosin) filaments


[image: image] The I band: composed solely of thin (actin) filaments


[image: image] The A band lies between I bands and contains the H band.


[image: image] Thin filaments are attached to the Z line.




[image: image] Thin filaments extend across I bands and partially into the A band.


[image: image] Each sarcomere is bounded by two adjacent Z lines.











C Action




1. Contraction is the following process:




[image: image] Muscle tissue response to electrochemical or mechanical stimuli.


[image: image] Tension develops.





2. Stimulus for contraction originates in the cell body of a nerve.




[image: image] Carried toward the neuromuscular junction via an electrical impulse


[image: image] Propagated down the length of the axon from spinal cord to muscle





3. The impulse reaches the motor end plate, a specialized synapse formed between muscle and nerves (Figure 1-66).




[image: image]


Figure 1-66 Structure of the adult motor end plate (neuromuscular junction). A, The motor nerve. B, The nerve branches that innervate many individual muscle fibers. C, The presynaptic boutons, which terminate on the muscle fiber. D, The nerve terminal. (From Miller RD, et al: Miller’s anesthesia, ed 7, Philadelphia, 2010, Churchill Livingstone.)







[image: image] Acetylcholine (stored in presynaptic vesicles) is released.





4. Acetylcholine diffuses across the synaptic cleft (50 nm).




[image: image] Acetylcholine binds to a specific receptor on the muscle membrane




[image: image] Myasthenia gravis is a shortage of acetylcholine receptors.


[image: image] Botulinum A injections reduce spasticity by blocking presynaptic acetylcholine release.





[image: image] Acetylcholine binding depolarizes the sarcoplasmic reticulum.




[image: image] This causes the release of calcium into the muscle cytoplasm.








5. Calcium binds to troponin (on the thin filaments).




[image: image] Causing change in position of tropomycin (also on the thin filaments)


[image: image] Exposes the actin filament





6. Actin-myosin cross-bridges form.




[image: image] With the breakdown of ATP, the thick and thin filaments slide past one another, contracting the muscle.





7. Certain agents affect impulse transmission (see Table 1-27).





D Types of muscle contractions (Table 1-28)




Table 1-28


Types of Muscle Contractions


[image: image]


ROM, range of motion.





E Types of muscle fibers (Table 1-29)




Table 1-29


Characteristics of Types of Human Skeletal Muscle Fibers


[image: image]


From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 100.







1. Slow-twitch (type I; oxidative; “red”) fibers




[image: image] Aerobic


[image: image] Have more mitochondria, enzymes, and triglycerides (energy source) than do type II fibers


[image: image] Low concentrations of glycogen and glycolytic enzymes (adenosine triphosphatase [ATPase])


[image: image] Mnemonic: “slow red ox”; type I fibers are characterized thus:




[image: image] Slower


[image: image] More vascular (red)


[image: image] Undergoing aerobic oxidation





[image: image] Enable performing endurance activities, posture, balance


[image: image] Are the first lost without rehabilitation





2. Fast-twitch (type II; glycolytic; “white”) fibers




[image: image] Anaerobic


[image: image] Contract more quickly and have larger, stronger motor units (increased ATPase) than do type I fibers




[image: image] However, are less efficient for these reasons





[image: image] Develop a large amount of force per cross-sectional area




[image: image] With high contraction speeds and quick relaxation times





[image: image] Well suited for high-intensity, short-duration activities (e.g., sprinting)




[image: image] Fatigue rapidly





[image: image] Low intramuscular triglyceride stores


[image: image] Types IIA and IIB fibers are associated with sprinting.




[image: image] ATP–creatine phosphate system.


[image: image] Subtypes are based on myosin heavy chains.











F Energetics (Figure 1-67)




[image: image]


Figure 1-67 Energy sources for muscle activity. ATP, adenosine triphosphate; CP, creatine phosphate. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 102.)







1. ATP–creatine phosphate system (phosphagen system)




[image: image] For intense muscle activities lasting up to 20 seconds




[image: image] For example, sprinting in a 100- or 200-m dash





[image: image] Converts carbohydrates stored within the muscle fiber to energy


[image: image] Does not use oxygen and does not produce lactate


[image: image] Energy derived from high-energy phosphate bonds during hydrolysis:


[image: image]


[image: image]





2. Lactic anaerobic system (lactic acid metabolism) (Figure 1-68)




[image: image]


Figure 1-68 Adenosine triphosphate (ATP) production through anaerobic and aerobic breakdown of carbohydrates. Glycolysis and anaerobic metabolism occur in the cytoplasm; oxidative phosphorylation occurs in the mitochondria. CoA, coenzyme A; FADH, flavin adenine dinucleotide (reduced form); NAD, nicotinamide adenine dinucleotide; NADH, reduced form of NAD. (From Mason RJ, et al: Murray and Nadel’s textbook of respiratory medicine, ed 5, Philadelphia, 2010, WB Saunders.)







[image: image] For intense muscle activities lasting 20 to 120 seconds




[image: image] For example, a 400-m sprint





[image: image] Involves hydrolysis of one glucose molecule to ultimately produce lactic acid plus energy




[image: image] Converts two molecules of ADP to two molecules of ATP








3. Aerobic system (Figure 1-69; see also Figure 1-68)




[image: image]


Figure 1-69 Energy metabolism: carbohydrates, fats, and proteins can enter the pathway to produce adenosine triphosphate (ATP). CoA, coenzyme A; FFA, free fatty acid; G6P, glucose-6-phosphate; TCA, tricarboxylic acid. (From DeLee JC, et al, editors: DeLee and Drez’s orthopaedic sports medicine: principles and practice, ed 3, Philadephia, 2009, WB Saunders.)







[image: image] The body depends on this system for muscle activities of longer duration and lower intensity.


[image: image] When oxygen is available, the aerobic system replenishes ATP through oxidative phosphorylation and the Krebs (or citric acid or tricarboxylic acid) cycle.




[image: image] Glucose or fatty acids are used to produce ATP.











G Athletes and training




1. Distribution of fast-twitch versus slow-twitch fibers: genetically determined




[image: image] However, specific training can selectively improve these fibers.





2. Endurance athletes typically have a higher percentage of slow-twitch fibers.




[image: image] Sprinters and athletes in “strength”-type sports have more fast-twitch fibers.





3. Endurance training




[image: image] Consists of decreased tension and increased repetitions




[image: image] Induces hypertrophy of the slow-twitch fibers


[image: image] Increases capillary density, mitochondria, and oxidative capacity


[image: image] Increases resistance to fatigue





[image: image] Also improves blood lipid profiles





4. Strength training




[image: image] Consists of increased tension and decreased repetitions




[image: image] This type of training increases myofibrils/fibers.


[image: image] It induces hypertrophy (increased cross-sectional area) of fast-twitch (type II) fibers.




[image: image] Skeletal muscle cross-sectional area is a reliably predictor of the potential for contractile force.





[image: image] A well-conditioned muscle may be able to fire over 90% of its fibers simultaneously.


[image: image] Isokinetic exercises produce more strength gains than do isometric exercises.


[image: image] Isotonic exercises produce a uniform strength increase throughout joint ROM.


[image: image] Plyometric (“bounding”) exercises consist of a muscle stretch followed immediately by a rapid contraction.




[image: image] The stretch stores elastic energy, which increases the force of the concentric muscle contraction.


[image: image] This is the most efficient method of improving power.





[image: image] Closed-chain exercise involves loading an extremity with the most distal segment stabilized or not moving.




[image: image] Allows muscular cocontraction around a joint and minimizes joint shear (e.g., less stress on the anterior cruciate ligament [ACL])











5. Both endurance and strength training delay the lactate response to exercise.


6. Oxygen consumption (Vo2) is an important consideration for athletes in training.


7. Aerobic conditioning promotes cardiorespiratory fitness




[image: image] In contrast to resistance exercise, aerobic exercise increases stroke volume, which increases cardiac output.


[image: image] To maintain health and reduce risk of disease for healthy adults:




[image: image] 5 days per week, 30 minutes per session, moderate intensity (e.g., brisk walking)


[image: image] Alternately, vigorous intensity exercise (e.g., jogging) 3 days a week for 20 minutes per session


[image: image] More exercise needed to improve maximum aerobic capacity and performance


[image: image] A significant decline in aerobic fitness (“detraining”) occurs after only 2 weeks of no training





[image: image] Aerobic conditioning lowers the incidence of back injury in workers and helps elderly persons remain ambulatory.





8. Anabolic (androgenic) steroids and growth hormone are widely used.




[image: image] Anabolic (androgenic) steroids




[image: image] Increase muscle strength




[image: image] Increase messenger RNA and protein synthesis


[image: image] Increase aggressive behavior that promotes increased weight training





[image: image] Increase body weight


[image: image] Side effects




[image: image] Testicular atrophy


[image: image] Irreversible deepening of the female voice


[image: image] Reduction in testosterone and gonadotropic hormones


[image: image] Growth retardation


[image: image] Oligospermia, azoospermia


[image: image] Gynecomastia


[image: image] Hypertension


[image: image] Striae


[image: image] Cystic acne


[image: image] Alopecia (irreversible)


[image: image] Liver tumors


[image: image] Raised low-density lipoprotein (LDL) levels and lower high-density lipoprotein (HDL) levels


[image: image] Abnormal amounts of the liver isoenzyme lactate dehydrogenase





[image: image] Do not increase aerobic power or capacity for muscular exercise




[image: image] More effective than corticosteroids for long-term muscle strength recovery after contusion





[image: image] Pure testosterone extract has both anabolic and androgenic effects.




[image: image] Anabolic effects include increased muscle development and mass, erythropoiesis.





[image: image] Testing for anabolic steroids is conducted by the International Olympic Committee through urine sampling.





[image: image] Abuse of the growth hormone somatotropin has adverse effects:




[image: image] Selective hypertrophy of type I muscle fibers


[image: image] Atrophy of type II fibers


[image: image] Muscle hypertrophy with weakness and fatigue








9. Nutrition




[image: image] Weight reduction with fluid and food restriction (wrestlers, boxers, and jockeys trying to “make weight”) may result in several pathologic developments:




[image: image] Reduced cardiac output


[image: image] Increased heart rate


[image: image] Smaller stroke volume


[image: image] Lower oxygen consumption


[image: image] Decreased renal blood flow


[image: image] Electrolyte loss





[image: image] Carbohydrate loading is often practiced by athletes.




[image: image] Increasing carbohydrates and decreasing physical activity 3 days before an event (e.g., marathon)





[image: image] Fluid replacement regimen is recommended for competitive athletes.




[image: image] Consuming enough water to maintain prepractice weight, and maintaining a normal diet





[image: image] Replacement of fluids, carbohydrates, and electrolytes is most effective when the fluid’s osmolality is less than 10%.




[image: image] Low-osmolality solutions enhance fluid absorption by the gut.


[image: image] Glucose polymers minimize osmolality.





[image: image] Creatine supplements are used by some athletes to enhance performance.




[image: image] Creatine is converted to phosphocreatine, which acts as an energy reservoir for ATP in muscle.


[image: image] Creatine supplementation can increase work produced in the first few maximum-effort anaerobic trials but does not increase peak force production.





[image: image] Treatment for heat cramps includes the following:




[image: image] Passive stretching


[image: image] Cooling


[image: image] Fluid/electrolyte replacement











H The “female athlete triad” (anorexia athletica)




1. Amenorrhea




[image: image] Results from low body fat, energy imbalance, and changes in the hypothalamic-pituitary axis





2. Osteoporosis




[image: image] Amenorrhea leads to bone demineralization.





3. Anorexia


4. Athletes with stress fracture and a history of amenorrhea should undergo bone mineral density testing.


5. Initial management




[image: image] Energy balance: increase weight/food intake, decrease exercise


[image: image] Possibly cyclic estrogens or progesterones


[image: image] Possibly counseling for eating behaviors








I Muscle injury




1. Muscle strains




[image: image] These are the most common sports injury.


[image: image] Most occur at the myotendinous junction.


[image: image] They occur primarily in muscles crossing two joints (hamstring, gastrocnemius) that have increased type II fibers.


[image: image] Initially there is inflammation and later fibrosis.





2. Muscle tears




[image: image] Most occur at the myotendinous junction.


[image: image] They often occur during a rapid (high-velocity) eccentric contraction.




[image: image] Eccentric contractions develop the highest forces.





[image: image] They typically heal with dense scarring.


[image: image] Surgical repair of clean lacerations in the muscle midbelly usually results in minimal regeneration of muscle fibers distally, scar formation at the laceration, and recovery of about half the muscle strength.


[image: image] Muscle activation (through stretching) allows twice the energy absorption before failure.





3. Delayed-onset muscle soreness (DOMS)




[image: image] This phenomenon occurs 24 to 72 hours after intense exercise.


[image: image] It may result from eccentric muscle contractions.


[image: image] It may be associated with changes in the I band of the sarcomere.


[image: image] NSAIDs relieve DOMS in a dose-dependent manner.


[image: image] Massage has varying effects.


[image: image] Other modalities (ice, stretching, ultrasonography, electrical stimulation) have not been shown to affect DOMS.





4. Denervation




[image: image] This causes muscle atrophy and increased sensitivity to acetylcholine.


[image: image] It leads to spontaneous fibrillations at 2 to 4 weeks after injury.





5. Spasticity: increased muscle reactivity to stretch





J Immobilization




1. Immobilization changes the number of sarcomeres at the musculotendinous junction.


2. It accelerates granulation tissue response.


3. Immobilization in lengthened positions decreases contractures and maintains strength.


4. Atrophy results from disuse or altered recruitment.




[image: image] Electrical stimulation can help offset these effects.











II NERVOUS SYSTEM




A Organization




1. Central nervous system




[image: image] Improvement in function: may continue up to 6 months after a stroke and up to 18 months after traumatic brain injury


[image: image] Spinal cord injury




[image: image] Motor vehicle accident: the most common mechanism in adults


[image: image] Spinal (neurogenic) shock




[image: image] A state of vasodilation: paradoxic hypotension and bradycardia; absence of bulbocavernosus reflex


[image: image] Occurs after cervical or upper thoracic spinal cord injury


[image: image] Occurs because the descending sympathetic pathways are disrupted


[image: image] Treated by positioning, pressor agents, and atropine





[image: image] Patients with spinal cord injury may be given methylprednisolone:




[image: image] If injury occurred less than 3 hours earlier: an initial bolus of 30 mg/kg over 15 minutes, followed by an infusion of 5.4 mg/kg/hr for 23 hours


[image: image] If injury occurred between 3 and 8 hours earlier: an initial bolus of 30 mg/kg over 15 minutes, followed by an infusion of 5.4 mg/kg/hr for 47 hours


[image: image] Decreases extent of cord hemorrhage




   [image: image] Does not affect cord edema





[image: image] Considerable controversy regarding this protocol


[image: image] May improve root function at the level of the injury




   [image: image] Spinal cord function may or may not improve.





[image: image] Not indicated for nerve root deficits, brachial plexus deficits, or gunshot wounds











2. Peripheral nervous system (Figure 1-70)




[image: image]


Figure 1-70 Nerve architecture. (From Brinker MR, Miller MD: Fundamentals of orthopaedics, Philadelphia, 1999, WB Saunders, p 13.)







[image: image] Nerves




[image: image] Axon bundles enclosed in a connective tissue sheath





[image: image] Nerve fiber




[image: image] Axon plus surrounding Schwann cell (myelin) sheath


[image: image] Myelinated fibers




[image: image] An axon 1 to 2 µm in diameter is considered myelinated.


[image: image] Each myelinated axon is associated with one Schwann cell.


[image: image] Conduction velocity is faster than in unmyelinated fibers.





[image: image] Unmyelinated fibers




[image: image] One Schwann cell surrounds several axons.


[image: image] Conduction velocity is relatively slow.





[image: image] Afferent fibers




[image: image] Afferent fibers transmit from sensory receptors to the CNS.


[image: image] Somatic afferent fibers originate in receptors in muscle, skin, and sense organs of the head (vision, hearing, taste, smell).


[image: image] Visceral afferent fibers originate in viscera.





[image: image] Efferent fibers




[image: image] Transmit from the CNS to the periphery.


[image: image] Motor efferent fibers innervate skeletal muscle fibers.


[image: image] Somatic efferent fibers innervate skin, skeletal muscle, and joints.


[image: image] Autonomic efferent fibers (splanchnic fibers) innervate viscera.














B Histologic study and signal generation




1. Neuron (see Figure 1-70)




[image: image] Cell body




[image: image] Metabolic center


[image: image] Accounts for less than 10% of neuron size


[image: image] Gives rise to a single axon





[image: image] Axon




[image: image] Primary conducting vehicle of the neuron


[image: image] Conveys electrical signals (over long distances) via action potentials





[image: image] Dendrites




[image: image] Thin processes branching from the cell body


[image: image] Receive input (synaptic) from surrounding nerve cells





[image: image] Presynaptic terminals




[image: image] Transmit information from one neuron to another




[image: image] To the cell body or dendrites of the “receiving” neuron











2. Glial cells (Figure 1-71)




[image: image]


Figure 1-71 Glial cells include the Schwann cell, astrocytes, and oligodendrocytes. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 320.)







[image: image] Schwann cells




[image: image] These cells are responsible for myelinating peripheral nerve axons.




[image: image] Form an elongated double-membrane structure





[image: image] Loss of the myelin sheath (demyelination) disrupts conduction of action potentials along the axon.


[image: image] Myelin is 70% lipid and 30% protein.





[image: image] Oligodendrocytes




[image: image] Only in the CNS


[image: image] Form myelin





[image: image] Astrocytes




[image: image] Only in the CNS


[image: image] Most common of the glial cells


[image: image] Have many functions but are primarily a supporting structure of the brain








3. Resting and action potentials




[image: image] Resting potential




[image: image] A resting potential results from unequal distribution of ions on either side of the neuronal cell membrane (lipid bilayer).


[image: image] The most plentiful ions are Na+, K+, Cl−, and a group of organic ions (A−).


[image: image] The resting potential is −50 to −80 mV.




[image: image] The inside of a cell has negative charge in relation to the outside (Figure 1-72).




[image: image]


Figure 1-72 Electrolyte transport across cell walls. A, Passive fluxes of Na+ and K+ into and out of the cell are balanced by the energy-dependent sodium-potassium pump. B, Electrical circuit model of a neuron at rest. ADP, adenosine diphosphate; ATP, adenosine triphosphate; Cm, mutual capacitance; ECl, EK, and ENa, equilibrium potentials of chloride, potassium, and sodium, respectively; gCl, gK, and gNa, conductances of chloride, potassium, and sodium, respectively; IK and INa, currents of potassium and sodium, respectively; Pi, inorganic phosphate. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 332.)











[image: image] Action potential




[image: image] Action potentials transmit signals rapidly through electrical impulses to other neurons or effector organs (e.g., muscle).


[image: image] Depolarization and the action potential result from increased cell membrane permeability to Na+ in response to a stimulus.


[image: image] Action potentials are related to three types of gated ion channels (Figure 1-73):




[image: image]


Figure 1-73 Gated sodium channel response during an action potential. (From Kandel ER, et al: Principles of neural science, ed 3, Norwalk, Conn, 1991, Appleton & Lange, p 14.)







[image: image] Voltage-gated channels


[image: image] Mechanically gated channels


[image: image] Chemical transmitter–gated channels





[image: image] They are propagated through both passive current flow and active membrane changes (Figure 1-74).




[image: image]


Figure 1-74 Propagation of action potentials. An action potential is propagated to the terminal region, where it triggers the release of a transmitter, which initiates a synaptic potential in the motoneuron. Action potential propagation results from the spread of local passive depolarizing currents between the nodes of Ranvier (A). At the nodes, voltage-gated channels open, producing an action potential. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 337.)














C Sensory system




1. Sensory receptors (located peripherally) receive messages from the environment and other parts of the body and transmit them to the CNS.


2. The four attributes of a stimulus are quality, intensity, duration, and location.


3. There are five sensory receptor types:




[image: image] Photoreceptors (vision)


[image: image] Mechanoreceptors (hearing, balance, mechanical stimuli)


[image: image] Thermoreceptors (temperature)


[image: image] Chemoreceptors (taste, smell)


[image: image] Nociceptors (pain)





4. Neurogenic pain (and inflammatory) mediators are identifiable within the dorsal root ganglion of the lumbar spine.


5. The pain with osteoid osteoma is from prostaglandins secreted by the tumor itself.


6. Somatosensory system has the following characteristics:




[image: image] Conveys three types of modalities: mechanical, pain, and thermal


[image: image] Each mediated by a specific type of sensory receptor (Table 1-30)




Table 1-30


Receptor Types


[image: image]


Adapted from Kandel ER, et al, editors: Principles of neural science, ed 3, Norwalk, Conn, 1991, Appleton & Lange, p 342.





[image: image] Input transmitted to the spinal cord (or brainstem) via the dorsal root ganglion (Figure 1-75)




[image: image]


Figure 1-75 Spinal cord anatomy. Each spinal nerve has a dorsal (sensory) and a ventral (motor) root. Dorsal roots are branches from dorsal root ganglia cells; ventral roots are motor axons from cells in the ventral horn. (From Bradley WG, et al [editors]: Neurology in clinical practice, ed 5. Philadelphia, 2008, Butterworth-Heinemann.)











D Motor system




1. Organized into four areas:




[image: image] Spinal cord


[image: image] Brainstem


[image: image] Motor cortex


[image: image] Premotor cortical areas (basal ganglia and cerebellum)





2. Spinal cord (see Figure 1-75)




[image: image] White matter (peripheral)




[image: image] Ascending and descending fiber tracts


[image: image] Myelinated and unmyelinated axons





[image: image] Gray matter (central)




[image: image] Contains neuronal cell bodies, glial cells, dendrites, and axons (myelinated and unmyelinated)


[image: image] Contains three types of neurons




[image: image] Motoneurons (α and γ): Axons exit via ventral roots.


[image: image] Interneurons: Axons remain in the spinal cord.


[image: image] Tract cells: Axons ascend to supraspinal centers.








[image: image] Spinal cord reflexes (Table 1-31)




Table 1-31


Summary of Spinal Reflexes






	Segmental Reflex

	Receptor Organ

	Afferent Fiber






	Phasic stretch reflex

	Muscle spindle (primary endings)

	Type Ia (large myelinated)






	Tonic stretch reflex

	Muscle spindle (secondary endings)

	Type II (intermediate myelinated)






	Clasp-knife response

	Muscle spindle (secondary endings)

	Type II (intermediate myelinated)






	Flexion withdrawal reflex

	Nociceptors (free nerve endings), touch and pressure receptors

	Flexor-reflex afferents: small unmyelinated cutaneous afferents (Aδ, C and muscle afferent fibers, group III)






	Autogenic inhibition

	Golgi tendon organ

	Type Ib (large myelinated)







From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 350.







[image: image] These reflexes are “stereotyped responses” to a specific sensory stimulus.


[image: image] A reflex pathway involves a sensory organ (receptor), an interneuron, and a motoneuron.




[image: image] Monosynaptic reflex: Only one synapse is involved between receptor and effector.


[image: image] Polysynaptic reflex: One or more interneurons are involved. Most human reflexes are polysynaptic.











3. Motor unit




[image: image] An α-motoneuron and the muscle fibers it innervates


[image: image] Four types, based on physiologic demands (Table 1-32):




Table 1-32


General Characteristics of Motor Unit Types


[image: image]


FF, fast, fatigable; FG, fast, glycolytic; FOG, fast, oxidative glycolytic; FR, fast, fatigue-resistant; S, slow, fatigue-resistant; SO, slow, oxidative.


*Data relative to the FF unit.


†Data relative to the slow unit.


From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 344.







[image: image] Type S (slow, fatigue resistant)


[image: image] Type FR (fast, fatigue resistant)


[image: image] Type FI (fast, fatigue intermediate)


[image: image] Type FF (fast, fatigable)








4. Upper and lower motoneurons




[image: image] Upper motoneurons: located in the descending pathways of the cortex, brainstem, and spinal cord


[image: image] Lower motoneurons: located in the ventral gray matter of the spinal cord


[image: image] Motoneuron lesions (Table 1-33)




Table 1-33


Findings in Upper and Lower Motoneuron Lesions






	Findings

	Upper Motoneuron Lesions

	Lower Motoneuron Lesions






	Strength

	Decreased

	Decreased






	Tone

	Increased

	Decreased






	Deep tendon reflexes

	Increased

	Decreased






	Superficial tendon reflexes

	Decreased

	Decreased






	Babinski’s sign

	Present

	Absent






	Clonus

	Present

	Absent






	Fasciculations

	Absent

	Present






	Atrophy

	Absent

	Present







From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 354.







[image: image] Spasticity is common in patients with an upper motoneuron lesion.











E Peripheral nerve




1. Morphologic features (see Figure 1-70):




[image: image] A highly organized structure




[image: image] Nerve fibers, blood vessels, and connective tissues





[image: image] Axons coated with a fibrous tissue called endoneurium




[image: image] Axons are grouped into nerve bundles called fascicles.


[image: image] Fascicles are covered with connective tissue called perineurium.





[image: image] Peripheral nerves: composed of one fascicle (monofascicular), a few fascicles (oligofascicular), or several fascicles (polyfascicular)




[image: image] Surrounding areolar connective tissue (epineurium) is enclosed within an epineural sheath.








2. Nerve fibers (axons) (2 to 25 µm in diameter) (Table 1-34)




Table 1-34


Types and Characteristics of Nerve Fibers


[image: image]





3. Conduction




[image: image] As previously discussed, myelinated axons conduct action potentials rapidly.




[image: image] Facilitated by nodes of Ranvier (gaps between Schwann cells)








4. Blood supply




[image: image] Extrinsic: vessels in loose connective tissue surrounding the nerve trunk


[image: image] Intrinsic: vascular plexuses in the epineurium, perineurium, and endoneurium








F Injury to the nervous system (Table 1-35)




Table 1-35


Types and Characteristics of Nerve Injuries






	Injury

	Pathophysiologic Features

	Prognosis






	Neurapraxia

	Reversible conduction block characterized by local ischemia and selective demyelination of the axon sheath

	Good






	Axonotmesis

	More severe injury, with disruption of the axon and myelin sheath but leaving the epineurium intact

	Fair






	Neurotmesis

	Complete nerve division, with disruption of the endoneurium

	Poor












1. Types of injuries




[image: image] Peripheral nerve injury leads to death of the distal axons and Wallerian degeneration (of myelin).




[image: image] Extends to the somatosensory receptor





[image: image] Mechanical deformation of a compressed peripheral nerve is greatest in superficial regions and in zones between compressed and uncompressed segments.


[image: image] Nerve stretching can affect function.




[image: image] Eight percent elongation diminishes microcirculation.


[image: image] Fifteen percent elongation disrupts axons.





[image: image] The nucleus pulposus induces an inflammatory response when in contact with the nerve roots.




[image: image] Leukotaxis


[image: image] Increased vascular permeability


[image: image] Decreased nerve conduction velocities








2. Nerve regeneration




[image: image] Proximal axonal budding occurs after a 1-month delay.




[image: image] Leads to regeneration at the rate of approximately 1 mm/day


[image: image] Possibly 3 to 5 mm/day in children





[image: image] Nerve regeneration is influenced by three processes:




[image: image] Contact guidance (attraction of Schwann cell to the basal lamina)


[image: image] Neurotrophism (factors enhancing growth)


[image: image] Neurotropism (preferential attraction toward nerves rather than other tissues)





[image: image] Pain is the first sensation to return.





3. Testing




[image: image] Neurologic studies




[image: image] Electromyography/nerve conduction study


[image: image] May be useful for documenting the extent of injury





[image: image] Cortical evoked potential testing




[image: image] The most sensitive method of predicting neural compression





[image: image] Histamine testing




[image: image] In an brachial plexus injury, a positive histamine response implies that the reflex arc is intact.


[image: image] A positive response also indicates that the lesion is proximal to the ganglion (preganglionic).











G Nerve repair




1. Younger patients: better chance of recovery after operative repair of nerve transection


2. Proper alignment of nerve ends during surgical repair: crucial for maximizing potential for functional recovery


3. Direct muscular neurotization




[image: image] Insertion of the proximal nerve stump into the affected muscle belly


[image: image] Results in less than normal function but is indicated in selected cases





4. Epineural repair




[image: image] Primary repair of the outer connective tissue layer at the site of injury




[image: image] After resection of the proximal neuroma and distal glioma





[image: image] Ensures proper rotation and lack of tension on the repair





5. Grouped fascicular repair




[image: image] Identical to epineural repair, but reapproximates individual fascicles under microscopic guidance


[image: image] Used for large nerves


[image: image] Improved results over epineural repair have not been demonstrated











III CONNECTIVE TISSUES




A Tendons (Figure 1-76)




[image: image]


Figure 1-76 Tendon and ligament architecture. (From Brinker MR, Miller MD: Fundamentals of orthopaedics, Philadelphia, 1999, WB Saunders, p 15.)







1. Dense, regularly arranged tissues that attach muscle to bone


2. Composition




[image: image] Fascicles









[image: image] Groups of collagen bundles


[image: image] Separated by endotenon and surrounded by epitenon








[image: image] Fibroblasts: the predominant cell type




[image: image] Arranged in parallel rows (Figure 1-77)




[image: image]


Figure 1-77 Photomicrograph of a tendon, showing parallel rows of collagen bundles. (From DeLee JC, et al, editors: DeLee and Drez’s orthopaedic sports medicine: principles and practice, ed 3, Philadephia, 2009, WB Saunders.)





[image: image] Produce mostly type I collagen (85% of dry weight)


[image: image] Also produce small amounts of type III collagen (5% dry weight)








3. Tendon inserts into bone by means of four transitional tissues (force dissipation)




[image: image] Tendon


[image: image] Fibrocartilage


[image: image] Mineralized fibrocartilage (Sharpey’s fibers)


[image: image] Bone





4. Types




[image: image] Paratenon-covered




[image: image] Vascular tendons


[image: image] Many vessels, rich capillary system (Figure 1-78)




[image: image]


Figure 1-78 India ink injection of rabbit calcaneal tendon (Spalteholtz’s technique) demonstrates the vasculature of the paratenon. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 50.)





[image: image] High vascularity results in better healing





[image: image] Sheathed




[image: image] A mesotenon (vinculum) carries a vessel that supplies only one tendon segment.


[image: image] Avascular areas receive nutrition via diffusion (Figure 1-79).




[image: image]


Figure 1-79 India ink specimens (A, B) demonstrating the vascular supply of the flexor tendons via vincula. B, Close-up of the specimen. (From Simon SR, editor: Orthopaedic basic science, ed 2, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 51.)











5. Tendinous structures oriented along stress lines


6. Healing




[image: image] Initiated by fibroblasts from the epitenon and macrophages


[image: image] Early healing with type III collagen




[image: image] Later converted to type I





[image: image] The repair process affected by treatment


[image: image] Surgical repairs: weakest at 7 to 10 days




[image: image] Most of original strength regained at 21 to 28 days


[image: image] Maximum strength achieved at 6 months


[image: image] No evidence in favor of a trough (exposing the tendon to cancellous bone) over direct repair to cortical bone





[image: image] Early mobilization




[image: image] Increased ROM


[image: image] However, decreased repair strength





[image: image] Immobilization




[image: image] Increased tendon substance strength


[image: image] At the expense of ROM


[image: image] Tends to decrease strength at tendon-bone interface





[image: image] Bony avulsion: heals more rapidly than midsubstance tears








B Ligaments (see Figure 1-76)




1. Attach bone to bone to stabilize joints


2. Composition




[image: image] Primarily type I collagen (90% of dry weight)


[image: image] Small amounts of type III collagen and elastin


[image: image] Ultrastructure similar to that of tendons




[image: image] Fibers more variable


[image: image] Higher elastin content


[image: image] “Uniform microvascularity,” receives supply at insertion site





[image: image] Contain mechanoreceptors and free nerve endings




[image: image] May play a role in stabilizing joints








3. Insertion




[image: image] Collagen sliding plays an important role in changes in ligament length (during growth and contracture).


[image: image] Ligament insertion into bone can be classified into two types:




[image: image] Indirect insertion (more common): superficial fibers




[image: image] Insert at acute angles into the periosteum





[image: image] Direct insertion: superficial and deep fibers




[image: image] Deep fibers attach at 90-degree angles


[image: image] Ligament-to-bone transition in four phases: ligament, fibrocartilage, mineralized fibrocartilage, bone











4. Injury




[image: image] Most common ligament injury is rupture of sequential series of collagen fiber bundles.




[image: image] Throughout the body of the ligament


[image: image] Not localized to one specific area





[image: image] Ligaments do not plastically deform.




[image: image] They “break, not bend.”





[image: image] Midsubstance ligament tears are common in adults.


[image: image] Avulsion injuries are more common in children.




[image: image] Typically occurs between unmineralized and mineralized fibrocartilage layers








5. Healing




[image: image] Three phases, as in bone


[image: image] Benefits from normal stress and strain across the joint




[image: image] Exercise increases mechanical and structural properties.





[image: image] Local injection of corticosteroids: detrimental


[image: image] Early healing with type III collagen




[image: image] Later converted to type I





[image: image] Immobilization




[image: image] Adversely affects ligament strength: elastic modulus decreases


[image: image] In rabbits, breaking strength reduced dramatically (66%) after 9 weeks of immobilization


[image: image] Effects reverse slowly upon remobilization.











C Intervertebral discs




1. Allow spinal motion and stability


2. Two components:




[image: image] Central nucleus pulposus




[image: image] A hydrated gel with compressibility


[image: image] High glycosaminoglycan/low collagen content





[image: image] Surrounding annulus fibrosis




[image: image] Extensibility and increased tensile strength


[image: image] High collagen/low glycosaminoglycan content


[image: image] Superficial layer contains nerve fibers








3. Composition:




[image: image] Water (85%)


[image: image] Proteoglycans


[image: image] Collagen type II in the nucleus pulposus


[image: image] Collagen type I in the annulus fibrosis





4. Avascular




[image: image] Nutrients and fluid diffuse through pores in hyaline cartilage end plates





5. Aging disc




[image: image] Decreased water content




[image: image] A result of a lack of large proteoglycans and aggrecans


[image: image] Also, decrease in proteoglycan concentration


[image: image] Increase in keratin sulfate concentration





[image: image] Increase in collagen





6. Neuropeptides




[image: image] Involved in sensory transmission, nociceptive transmission, neurogenic inflammation, and skeletal metabolism


[image: image] Several types:




[image: image] Substance P


[image: image] Calcitonin gene–related peptide


[image: image] Vasoactive intestinal peptide


[image: image] C-flanking peptide of neuropeptide Y








7. Cigarette smoking: risk factor for degenerative disc disease





D Soft tissue healing




1. Four phases:




[image: image] Hemostasis




[image: image] A primary platelet plug is formed within 5 minutes of injury.


[image: image] Secondary clotting occurs through the coagulation cascade and fibrin within 10 to 15 minutes.


[image: image] Fibronectin, a large glycoprotein, binds fibrin to cells and acts as a chemotactic factor.


[image: image] Platelets release factors that activate the next phase of healing.





[image: image] Inflammation




[image: image] Macrophages cause débridement of injured/necrotic tissue within 1 week.


[image: image] There are three stages:




[image: image] Activation (immediate)


[image: image] Amplification (in 48 to 72 hours)


[image: image] Débridement (bacteria, phagocytosis, and matrix [biochemical])





[image: image] Prostaglandins mediate the response.





[image: image] Organogenesis




[image: image] Tissue modeling (in 7 to 21 days)


[image: image] Differentiation of mesenchymal precursors into myofibroblasts


[image: image] Angiogenesis


[image: image] Further differentiation, which leads to the final stage of healing





[image: image] Remodeling (of individual tissue lines)




[image: image] Continues for up to 18 months


[image: image] Collagen realignment and cross-linking: increase tensile strength








2. Growth factors




[image: image] Require activation, are redundant, have feedback loop mechanisms


[image: image] Chemotactic factors (attracted cells)




[image: image] Prostaglandins: PMNs


[image: image] Prostanoids: PMNs


[image: image] Complement: PMNs and macrophages


[image: image] PDGF: macrophages and fibroblasts


[image: image] Angiokines: endothelial cells





[image: image] Competence factors: activate dormant (G0) cells




[image: image] PDGF


[image: image] Prostaglandins





[image: image] Progression factors: allow cell growth




[image: image] Induce epidermal growth factor, IL-1, somatomedins





[image: image] Inductive factors: stimulate differentiation




[image: image] Angiokines


[image: image] BMP


[image: image] Specific tissue growth factors





[image: image] Transforming factors: cause differentiation and proliferation


[image: image] Permissive factors: enhancing factors




[image: image] Fibronectin


[image: image] Osteonectin











E Soft tissue implants




1. Allografts




[image: image] No donor-site morbidity


[image: image] Incite an immune response




[image: image] May transmit infection


[image: image] Risk of HIV exposure from a ligament allograft is 1:1,600,000





[image: image] Histologic recovery: slower and less predictable than that for autografts


[image: image] Freeze-drying




[image: image] Reduces the immunogenic response


[image: image] Decreases strength




[image: image] Deep freezing without drying does not affect strength.








[image: image] Cryopreservation




[image: image] Controlled rate freezing in a protective medium


[image: image] Prevents ice crystal formation


[image: image] Preserves some cell viability and protein structure


[image: image] Strength at 6 months comparable to that for autograft


[image: image] If not harvested under sterile conditions, cold ethylene oxide gas may have adverse affects (graft failure).




[image: image] Particularly in conjunction with irradiation with more than 4 megarad


[image: image] Irradiation with 2 megarad with ethylene oxide: apparently no significantly effect on mechanical properties








[image: image] Fresh osteochondral allograft




[image: image] Osteoarticular allografts preserved with cryopreservation have no viable chondrocytes after clinical transplantation.


[image: image] Fresh allografts are stored in culture medium at 4° C for 14 days to allow for microbiologic and serologic testing.


[image: image] Chondrocyte viability is maintained for up to 45 days, but there is a significant decrease after 28 days.








2. Synthetic ligaments




[image: image] No initial period of weakness, in contrast to autografts or allografts


[image: image] Subject to wear (debris)


[image: image] Associated with sterile joint effusions




[image: image] Increase in neutral proteinases (collagenase and gelatinase)


[image: image] Chondrocyte activation factor (IL-1)



























section 4 Cellular and Molecular Biology, Immunology, and Genetics of Orthopaedics







I CELLULAR AND MOLECULAR BIOLOGY




A Chromosomes




1. In the nucleus of every cell




[image: image] In humans, 46 chromosomes in 23 pairs


[image: image] Of these: 22 pairs of autosomes, 1 pair of sex chromosomes





2. Contain both deoxyribonucleic acid (DNA) and ribonucleic acid (RNA)


3. Each chromosome contains more than 150,000 genes.


4. Regulation of gene expression:




[image: image] Relatively few genes are expressed for any given cell.


[image: image] Genes determine each cell’s unique biologic qualities.








B DNA




1. All nuclear DNA resides in the 23 chromosome pairs.


2. DNA regulates cellular functions through protein synthesis.




[image: image] DNA replication


[image: image] Production of messenger RNA (mRNA)


[image: image] Transcription of mRNA


[image: image] Regulation of cell division





3. DNA has a double helix (double-stranded) structure.




[image: image] Two sugar molecules




[image: image] One on each strand





[image: image] One nitrogenous base per sugar molecule (Figure 1-80)




[image: image]


Figure 1-80 DNA structure. The two deoxyribose strands are connected by a pair of nucleotides (which form the rung of the ladder) that are in turn connected by hydrogen bonds. (From Jorde LB, et al, editors: Medical genetics, ed 2, St. Louis, 1999, Mosby.)







[image: image] Nitrogenous bases: adenine, guanine, cytosine, and thymine








4. The sugar molecules within a strand are linked by phosphate groups.


5. The nitrogenous bases are linked across strands by hydrogen bonds.




[image: image] Adenine is linked to thymine.


[image: image] Guanine is linked to cytosine.








C RNA




1. Important differences from DNA:




[image: image] Ribose sugar




[image: image] A hydroxyl group is attached to the pentose ring in the 2′ position, making RNA less stable.





[image: image] Found in both nucleus and cytoplasm


[image: image] Single-stranded


[image: image] Nitrogenous bases: adenine, guanine, cytosine, and uracil




[image: image] No thymine





[image: image] Adenine is linked to uracil.








D Nucleotide




1. A nucleotide consists of a DNA sugar molecule and phosphate group plus one nitrogenous base.


2. The nucleotide sequence in one strand of DNA determines the complementary nucleotide sequence in the other strand.


3. Codons are sequences of three nucleotides.




[image: image] The genetic code is described in codons, or three-letter “words” (e.g., ACT = adenine-cytosine-thymine).


[image: image] Each codon specifies one of the 20 amino acids that are the basic units of all proteins (Figure 1-81).




[image: image]


Figure 1-81 A genetic message begins as a double-stranded DNA molecule, which serves as the template for messenger RNA (mRNA). The mRNA, in groups of three nucleotides to a codon, directs the order of amino acids in protein. Ala, alanine; Cys, cysteine; Ser, serine; tRNA, transfer RNA; Tyr, tyrosine; Val, valine. (From Libby P, et al: Braunwald’s heart disease: a textbook of cardiovascular medicine, Philadelphia, 2008, WB Saunders.)











E Gene




1. Portion of DNA that codes for a specific enzyme




[image: image] “One gene equals one enzyme.”








F Transcription (Figure 1-82)




[image: image]


Figure 1-82 DNA information is transcribed into RNA in the nucleus. Messenger RNA (mRNA) is then transported to the cytoplasm, where ribosomes complete translation into proteins. (From Jorde LB, et al, editors: Medical genetics, ed 2, St. Louis, 1999, Mosby.)







1. Transfer (via RNA polymerase) of the genetic code (amino acid sequence) for a specific protein from the respective gene in DNA to an mRNA molecule





G Translation (Figure 1-83)




[image: image]


Figure 1-83 The genetic code for translation of the triplet nucleotide codons of messenger RNA into amino acids in proteins. Ala, alanine; Arg, arginine; Asn, asparagine; Asp, aspartate; Cys, cysteine; Gln, glutamine; Glu, glutamine; Gly, glycine; His, histidine; Ile, isoleucine; Leu, leucine; Lys, lysine; Met, methionine; Phe, phenylalanine; Pro, proline; Ser, serine; TERM, stop codon; Thr, threonine; Trp, tryptophan; Tyr, tyrosine; Val, valine. (From Libby P, et al: Braunwald’s heart disease: a textbook of cardiovascular medicine, Philadelphia, PA, 2008, WB Saunders.)







1. Building of a protein from mRNA through amino acids





H Protein coding and regulation (Figure 1-84; see also Figure 1-83)




[image: image]


Figure 1-84 Protein coding and regulation. The transcription unit is the region of DNA composed of exons and introns that is transcribed into a messenger RNA (mRNA) precursor. The promoter region contains numerous short regulatory DNA sequences that are targets for interactions with specific DNA-binding proteins. These sequences consist of the basal constitutive promoter (CP) (TATA box), metabolic response elements (MRE) that modulate transcription, and tissue-specific enhancers (TSE) and silencers (TSS) that direct expression of specific subsets of genes to cells of a given phenotype. (From Kronenberg HM, et al: Williams textbook of endocrinology, ed 11, Philadelphia, 2008, WB Saunders.)







1. Regulating DNA




[image: image] Large noncoding nucleotide sequences between functional sequences


[image: image] Includes the gene promoter that is required for transcription





2. Consensus sequences




[image: image] Binding sites for specific proteins involved in gene regulation


[image: image] Named for a specific nucleotide sequence





3. Gene enhancers




[image: image] Binding sites for proteins (transcription factors)


[image: image] Involved in the regulation of transcription








I Techniques used to study genetic (inherited) disorders




1. Restriction enzymes




[image: image] Used to cut DNA at a precise, reproducible cleavage locations


[image: image] Produce restriction fragments




[image: image] Identify polymorphisms (alternative gene expressions)





[image: image] Linkage analysis




[image: image] Estimates the probability that a genetic trait or disease is associated with polymorphisms








2. Agarose gel electrophoresis




[image: image] DNA (negatively charged) is suspended in agarose gel.


[image: image] The gel is exposed to an electrical field.


[image: image] DNA moves through the gel toward the positive pole of the field.


[image: image] The gel acts as a “sieve”:




[image: image] Small DNA fragments move farther in a given time than do large fragments.





[image: image] This technique is commonly used after and in conjunction with restriction enzymes.





3. DNA ligation




[image: image] Method of attaching genes from human DNA to pieces of nonhuman DNA known as plasmids


[image: image] Facilitates the study of specific genes


[image: image] DNA fragments linked by ligation form recombinant DNA





4. Plasmid vectors




[image: image] These are used to produce large quantities of a gene.


[image: image] The gene is ligated to a plasmid (forming a recombinant plasmid).


[image: image] The recombinant plasmid is inserted into a bacterium (the vector) by a process called transformation.


[image: image] The recombinant plasmid replicates in the bacterium.




[image: image] Increases the recombinant DNA and its gene








5. Cytogenetic analysis




[image: image] Gross examination of chromosomes under microscope, with the use of techniques of banding and fluorescent in situ hybridization


[image: image] Used to detect chromosomal translocations, such as those observed in synovial sarcoma (translocation between chromosomes X and 18)





6. Genomic screening (Figure 1-85)




[image: image]


Figure 1-85 Genomic library of recombinant plasmids with fragments of all the DNA in the chromosome. The entire genome, restricted into small fragments, is ligated into plasmid vectors restricted by the same enzymes. These recombinant plasmids transform bacteria, which can be screened to isolate specific genes of interest. cDNA, complementary DNA; E. coli, Escherichia coli; mRNA, messenger RNA. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 227.)





7. Transgenic animals (Figure 1-86)




[image: image]


Figure 1-86 Transgenic mice. Recombinant DNA is injected into a fertilized mouse egg. The foreign DNA is incorporated into the chromosome, with cell division. As the egg develops into an embryo, every cell in the animal contains the foreign DNA. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 228.)







[image: image] Such animals are bred to investigate the function of cloned genes.


[image: image] A foreign gene (transgene) is inserted into a single-cell embryo.


[image: image] The cell replicates.




[image: image] The transgene is carried by every cell in the body.








8. Southern blotting (hybridization)




[image: image] Restriction enzymes and agarose gel electrophoresis


[image: image] Identifies a particular DNA sequence in an extract of mixed DNA





9. Northern blotting (hybridization)




[image: image] Restriction enzymes and agarose gel electrophoresis


[image: image] Identifies a particular RNA sequence in an extract of mixed RNA





10. Western blotting




[image: image] Sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE)


[image: image] Identifies a particular protein in an extract of mixed proteins





11. Polymerase chain reaction (PCR) amplification




[image: image] Repetitive synthesis (amplification) of a specific DNA sequence in vitro




[image: image] The number of copies of DNA doubles each cycle.





[image: image] Has gained widespread use




[image: image] Prenatal diagnosis of sickle cell disease


[image: image] Screening DNA for gene mutations





[image: image] Reverse-transcription PCR (RT-PCR)




[image: image] Reverse transcriptase used to “reverse transcribe” RNA to complementary DNA


[image: image] Typically used to study RNA viruses











J Cloning




1. The production of genetically identical biologic entities


2. Therapeutic cloning




[image: image] DNA removed from a patient is inserted into an embryo.


[image: image] Stem cells are removed from the growing embryo (which dies).


[image: image] These cells are stimulated to differentiate into a specific tissue.


[image: image] The specific tissue (or organ) is transplanted back into the patient.




[image: image] Avoids the need for transplantation of an organ from another person


[image: image] Avoids organ rejection


[image: image] Avoids complications of immunosuppressive agents








3. Reproductive cloning




[image: image] DNA is removed from a host and inserted into an embryo.


[image: image] The embryo is then implanted into a healthy womb and allowed to develop.


[image: image] The goal is to produce an animal that is genetically identical to the host.





4. Embryo cloning




[image: image] One or more cells are removed from a fertilized embryo and stimulated to develop in utero.


[image: image] The goal is to produce several genetically identical animals (e.g., twins or triplets).











II IMMUNOLOGY




A Study of the body’s defense mechanisms


B Nonspecific (innate) immune response (Figure 1-87)




[image: image]


Figure 1-87 Innate and adaptive immunity. The mechanisms of innate immunity provide the initial defense against infections. Adaptive immune responses develop later and consist of activation of lymphocytes. NK, natural killer. (From Abbas AK, et al: Cellular and molecular immunology, ed 6, Philadelphia, 2009, WB Saunders.)







1. Inflammatory reaction




[image: image] Recognition of a foreign antigen


[image: image] A result of a fracture, soft tissue injury, or foreign body


[image: image] Release of histamine




[image: image] Results in local vasodilation (exudate)


[image: image] Phagocytic cells enzymatically digest “offending material”








2. Enhanced by activation of the complement system


3. Suppressed by anti-inflammatory medication





C Specific (adaptive) immune response (Figure 1-88)




[image: image]


Figure 1-88 Phases of adaptive immune responses. Adaptive immune responses consist of distinct phases; the first three are the recognition of antigen, the activation of lymphocytes, and the elimination of antigen (the effector phase). The response contracts (declines) as antigen-stimulated lymphocytes die by apoptosis, which restores homeostasis, and the antigen-specific cells that survive are responsible for memory. (From Abbas AK, et al: Cellular and molecular immunology, ed 6, Philadelphia, 2009, WB Saunders.)







1. Includes cell-mediated and humoral antibody–mediated immune responses


2. Cells involved in specific immune responses (B and T cells)




[image: image] Arise from primitive mesenchymal cells in the bone marrow


[image: image] B lymphocytes mature in the lymph nodes


[image: image] T lymphocytes




[image: image] Originate in the bone marrow


[image: image] Pass through the thymus during fetal development


[image: image] Finally, move into the lymph nodes and blood


[image: image] Include helper T cells, suppressor T cells, and killer T cells








3. Immune response evoked by antigens




[image: image] Macrophages and monocytes process the antigen so that it will be able to stimulate lymphocytes.


[image: image] Lymphocytes can mount specific reactions to millions of potential antigens.




[image: image] They rearrange their genes (which no other cell can do).


[image: image] They achieve antigenic diversity.


[image: image] They produce millions of antibodies.








4. Cell-mediated immune response (Figure 1-89)




[image: image]


Figure 1-89 The cell-mediated immune response. APC, antigen-presenting cell; IL-2, interleukin-2; IL-2R, interleukin-2 receptor. (From Kumar V, et al: Robbins and Cotran pathologic basis of disease, ed 8, Philadelphia, 2010, WB Saunders.)







[image: image] Involves T lymphocytes and presentation of antigens by memory B cells and dendritic cells


[image: image] Protein produced by the gene rearrangement is fixed to the cell surface.




[image: image] Acts as a receptor molecule





[image: image] The T cell receptor acts indirectly on a foreign antigen.




[image: image] Does not bond directly, as observed with B lymphocytes








5. Humoral antibody–mediated immune response (Figure 1-90)




[image: image]


Figure 1-90 The humoral antibody response; activation of B cells and immunoglobulin production. Fc, crystallizable fragment; IgD, IgG, and IgM, immunoglobulins D, G, and M, respectively; NK, natural killer. (From Kumar V, et al: Robbins and Cotran pathologic basis of disease, ed 8, Philadelphia, 2010, WB Saunders.)







[image: image] These responses involve B lymphocytes.




[image: image] Differentiate into plasma cells


[image: image] Produce immunoglobulins against specific antigens





[image: image] B lymphocytes are associated with immunoglobulins and the HLA system.




[image: image] T lymphocytes are not.





[image: image] Immunoglobulins are produced by plasma cells in a Y-shaped configuration (Figure 1-91).




[image: image]


Figure 1-91 Basic subunit structure of the immunoglobulin molecule. CH and CL, constant regions; Fab, antigen-binding fragment; Fc, crystallizable fragment; IgC, immunoglobulin C; VH and VL, variable regions. (From Katz VL, et al: Comprehensive gynecology, ed 5, Philadelphia, 2007, Mosby.)





[image: image] Five classes of immunoglobulins have been described:




[image: image] Immunoglobulin A (IgA): mucosal surfaces


[image: image] IgM: produced earliest by fetus; largest; RF is an IgM


[image: image] IgG: most common; arises in response to infection


[image: image] Immunoglobulin D (IgD): acts as a receptor


[image: image] Immunoglobulin E (IgE): allergic responses (e.g., to latex)











D Cytokines




1. Proteins (or glycoproteins)


2. Cell products secreted in response to a foreign antigen


3. Produced by T cells


4. Regulate inflammatory and immune responses


5. Four broad categories:




[image: image] Interferons


[image: image] Growth factors


[image: image] Colony-stimulating factors


[image: image] Interleukins








E Complement system (Figure 1-92)




[image: image]


Figure 1-92 Complement cascade. IgG and IgM, immunoglobulins G and M, respectively; MASP1 and MASP2, mannan-binding lectin serine proteases 1 and 2; MBP, mannose-binding protein. (Modified from Mandell GL, et al: Mandell, Douglas, and Bennett’s principles and practice of infectious diseases, ed 7, Philadelphia, 2010, Churchill-Livingstone.)







1. A group of 25 proteins


2. Acts in a cascading sequence


3. Amplifies an immune response





F Immunogenetics




1. HLAs contribute to the specificity of immune recognition.




[image: image] Associated with a variety of rheumatologic diseases





2. The HLA gene is located on chromosome 6 (short arm)




[image: image] There are 6 class I loci and 14 class II loci.








G Transplantation




1. Allogenic grafting




[image: image] Transplantation between nonidentical members of the same species





2. Xenografting




[image: image] Transplantation of tissues across species





3. Graft preparation




[image: image] Freezing




[image: image] Cellular response diminished





[image: image] Freeze-drying (lyophilization)




[image: image] Cellular response nearly undetectable











H Oncologic features (Figure 1-93):




[image: image]


Figure 1-93 Tumor cells have cell surface antigens common to other normal cells that reflect the tissue of origin (antigens B and C). They may also demonstrate antigens normally present only on fetal cells (antigen F) and loose antigens common to the cell type of origin (antigen A). In addition, they acquire new tumor-associated antigens (antigen T). (From Friedlander GE: Immunology. In Albright JA, Brand RA, editors: The scientific basis of orthopaedics, ed 2, Norwalk, Conn, 1987, Appleton & Lange, p 502.)







1. Cancer: characterized by abnormal, uncontrolled cell growth




[image: image] This growth occurs a result of damage to the cell’s DNA.


[image: image] The molecular approach is a way to discover mechanisms by which normal cells become cancer cells.





2. Malignancy: caused by various mechanisms




[image: image] A point mutation in DNA


[image: image] A gene deletion


[image: image] A chromosomal translocation (resulting in gene rearrangement)





3. Oncogenes




[image: image] These are growth control genes.


[image: image] Improper oncogene expression results in unregulated cell growth, as observed in cancer cells.





4. Antioncogenes (tumor suppressor genes)




[image: image] These genes suppress growth in damaged cells and thereby inhibit development of tumors.


[image: image] Loss of antioncogene function results in unregulated cell division and malignancy.





5. Metastases




[image: image] Sequence of events for primary tumor cells to metastasize to a distant organ




[image: image] Progressive growth of the primary tumor


[image: image] Neovascularization of the tumor


[image: image] Basement membrane erosion and invasion




[image: image] Matrix metalloproteinases degrade type IV collagen, which is present in the basement membrane


[image: image] They are thus believed to be important for tumor cell metastasis.





[image: image] Entry of tumor cells into adjacent blood vessels


[image: image] Detachment of cells from the primary tumor


[image: image] Embolization of tumor cells into the general circulation


[image: image] Attachment of tumor cells at a distant site




[image: image] In bone, tumor cells attach through integrins to the endothelial layer.





[image: image] Invasion into vessel walls, with migration into surrounding parenchyma


[image: image] Progressive tumor growth at the new site





[image: image] Most common sites of primary tumors that metastasize to bone, in decreasing incidence:




[image: image] Breast


[image: image] Prostate


[image: image] Lung


[image: image] Kidney


[image: image] Thyroid





[image: image] Most common soft tissue tumors that metastasize via lymphatic node system:




[image: image] Rhabdomyosarcoma


[image: image] Clear cell sarcoma


[image: image] Epithelioid sarcoma


[image: image] Synovial sarcoma








6. Flow cytometry and cytofluorometry




[image: image] Quantify the amount of DNA in cells


[image: image] Useful for quantifying abnormal (aneuploid) DNA in a malignant tumor





7. P-Glycoprotein: an energy-dependent cell-wall pump




[image: image] Functions to eliminate toxins from the cytoplasm


[image: image] Allows cells to develop resistance to chemotherapeutic agents











III GENETICS




A Mendelian inheritance




1. Mendelian traits follow specific patterns of inheritance.




[image: image] Controlled by a single gene pair (“monogenic”)





2. An allele is one of several possible alternative forms of a gene.




[image: image] Because chromosomes are paired, every gene has two copies (loci).


[image: image] An individual is homozygous if the alleles on each of the paired chromosomes are identical.


[image: image] An individual is heterozygous if the alleles differ.





3. Phenotype refers to the features (traits) exhibited because of genetic makeup.


4. Genotype refers to the presence or absence of particular genes, not the traits expressed.


5. Mendelian traits may be inherited by one of four modes (Table 1-36):




Table 1-36[image: image]


Mendelian Inheritance


[image: image]


*“A” is the mutant dominant allele.


†“a” is the mutant recessive allele.


‡“X′” is the mutant dominant X allele.


§“X” is the mutant recessive X allele.







[image: image] Autosomal dominant


[image: image] Autosomal recessive


[image: image] X-linked dominant




[image: image] Rare. All daughters of an affected father have the trait, but none of his sons do.





[image: image] X-linked recessive





6. Incidence of human mendelian disorders is approximately 1%.


7. Nonmendelian traits may be inherited through “polygenic” transmission.




[image: image] Caused by the action of several genes





8. Anticipation is said to occur when a genetic disease becomes progressively more severe in each subsequent generation.





B Mutations




1. Genetic disorders arise from alterations (mutations) in the genetic material.


2. Inherited mutations are passed from generation to generation.


3. A sporadic mutation may occur in the sperm or egg of the parents or in the embryo.





C Chromosomal abnormalities




1. Disruptions in the normal arrangement or number of chromosomes




[image: image] Aneuploidy: an abnormal number of chromosomes




[image: image] Triploidy: three copies of chromosomes (69 chromosomes)


[image: image] Tetraploidy: four copies of chromosomes (92 chromosomes)


[image: image] Monosomy: one chromosome of one pair is absent (total: 45 chromosomes)


[image: image] Trisomy: one chromosome pair has an extra chromosome (total: 47 chromosomes)





[image: image] Deletion: a section of one chromosome (in a chromosome pair) is absent


[image: image] Duplication: an extra section of one chromosome (in a chromosome pair) is present


[image: image] Translocation: a portion of one chromosome is exchanged with a portion of another chromosome


[image: image] Inversion: a broken portion of a chromosome reattaches to the same chromosome in the same location but in a reverse direction








D The genetics of musculoskeletal conditions and abnormalities (Tables 1-37 and 1-38)




Table 1-37[image: image]


Inheritance Patterns of Some Musculoskeletal Disorders


[image: image]







Table 1-38


Comprehensive Compilation of Inheritance Pattern, Defect, and Associated Gene in Musculoskeletal Disorders


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


[image: image]


PTH, parathyroid hormone; TGF-βR2, transforming growth factor-β receptor 2; VATER, vertebral defects, imperforate anus, tracheoesophageal fistula, and radial and renal dysplasia.


















section 5 Orthopaedic Infections and Microbiology







I MUSCULOSKELETAL INFECTIONS


    The following is an overview. In general, the following recommendations for the initial treatment regimen are based on the presumed type of infection, as determined from clinical findings and symptoms. Definitive treatment should be based on final culture results when those results are available.




A Soft tissue infections (Table 1-39) and bite injuries (Table 1-40)




Table 1-39


Soft Tissue Infections


[image: image]


[image: image]


[image: image]







Table 1-40


Bite Injuries






	Source of Bite

	Organism

	Primary Antimicrobial (or Drug) Regimen






	Human

	
Streptococcus viridans (100%)
Bacteroides species (82%)
Staphylococcus epidermidis (53%)
Corynebacterium species (41%)
S. aureus (29%)
Peptostreptococcus species
Eikenella species

	Early treatment (not yet infected): amoxicillin/clavulanate (Augmentin)
With signs of infection: ampicillin/sulbactam (Unasyn), cefoxitin, ticarcillin/clavulanate (Timentin), or piperacillin-tazobactam
Patients with penicillin allergy: clindamycin plus either ciprofloxacin or trimethoprim/sulfamethoxazole
Eikenella organisms are resistant to clindamycin, nafcillin/oxacillin, metronidazole, and possibly to first-generation cephalosporins and erythromycin; susceptible to fluoroquinolones and trimethoprim/sulfamethoxazole; treat with cefoxitin or ampicillin






	Dog

	
Pasteurella canis
S. aureus
Bacteroides species
Fusobacterium species
Capnocytophaga species

	Amoxicillin/clavulanate (Augmentin) or clindamycin (adults); clindamycin plus trimethoprim/sulfamethoxazole (children)
P. canis is resistant to doxycycline, cephalexin, clindamycin, and erythromycin
Consider antirabies treatment
Only 5% of dog bite wounds become infected






	Cat

	
Pasteurella multocida
S. aureus
Possibly tularemia

	Amoxicillin/clavulanate, cefuroxime axetil, or doxycycline
Do not use cephalexin
P. multocida is resistant to doxycycline, cephalexin, and clindamycin; many strains are resistant to erythromycin
Of cat bite wounds, 80% become infected; culture






	Rat

	
Streptobacillus moniliformis
Spirillum minus


	Amoxicillin/clavulanate or doxycycline
Antirabies treatment is not indicated






	Pig

	Polymicrobial (aerobes and anaerobes)

	Amoxicillin/clavulanate, third-generation cephalosporin, ticarcillin/clavulanate (Timentin), ampicillin/sulbactam, or imipenem-cilastatin






	Skunk, raccoon, bat

	Varies

	Amoxicillin/clavulanate or doxycycline
Antirabies treatment is indicated






	Pit viper (snake)

	
Pseudomonas species
Enterobacteriaceae
S. epidermidis
Clostridium species

	Antivenom therapy
Ceftriaxone
Tetanus prophylaxis






	Brown recluse spider

	Toxin

	Dapsone






	Catfish sting

	Toxins (may become secondarily infected)

	Amoxicillin/clavulanate prophylaxis







Adapted from Gilbert DN, et al: The Sanford guide to antimicrobial therapy, Hyde Park, Vt, 2010, Antimicrobial Therapy, p 48.







1. Necrotizing fasciitis




[image: image] Potentially lethal disease involving necrosis of subcutaneous fat and deep fascia


[image: image] Diabetes mellitus: the most common risk factor, but half of cases occur in previously healthy patients


[image: image] Clinical features:




[image: image] Initial: swelling, edema, and disproportionate pain


[image: image] Late: crepitus, bullae, “dishwater pus,” systemic signs of sepsis





[image: image] Microbiologic findings:




[image: image] Type 1: polymicrobial infection




[image: image] Most common


[image: image] Four to five species typically cultured, including non–group A streptococci, Enterobacteriaceae, and anaerobes





[image: image] Type 2: group A β-hemolytic streptococci




[image: image] “Flesh eating” type


[image: image] Commonly occurs in previously healthy individuals





[image: image] Type 3: marine vibrios




[image: image] Infection from puncture wound that is exposed to seawater or marine animals


[image: image] Vibrio vulnificus is most virulent





[image: image] Type 4: MRSA associated





[image: image] Treatment:




[image: image] Broad-spectrum antibiotics, prompt surgical débridement, aggressive systemic resuscitation, nutritional support


[image: image] Amputation may be required








2. Community-acquired MRSA




[image: image] Increasingly prevalent as a pathogen for skin and soft tissue infection


[image: image] At risk groups:




[image: image] Athletes


[image: image] Intravenous drug abusers and homeless persons


[image: image] Military recruits


[image: image] Prisoners





[image: image] Risk factors:




[image: image] Previous antibiotic use within 1 year


[image: image] Frequent skin-to-skin contact with others


[image: image] Frequent sharing of personal items


[image: image] Compromised skin integrity











B Bone infections




1. Osteomyelitis: Infection of bone and bone marrow




[image: image] May be caused by direct inoculation (open wound)


[image: image] May also be caused by bloodborne organisms (hematogenous)





2. Microscopic organism causing chronic osteomyelitis: cannot be determined on the basis of the clinical picture and patient’s age




[image: image] Deep cultures are essential for specific microbiologic diagnosis.


[image: image] Organisms isolated from sinus tract drainage typically do not accurately reflect the organisms present deep within the wound and within bone.





3. Acute hematogenous osteomyelitis




[image: image] Causes and clinical features:




[image: image] Caused by bloodborne organisms


[image: image] Commonly in children (incidence higher in boys than in girls), typically in the metaphysis or epiphysis of the long bones




[image: image] More common in lower extremity than in upper extremity





[image: image] Vertebrae are most common sites in adults.


[image: image] Radiographic changes include the following:




[image: image] Soft tissue swelling (early)


[image: image] Bone demineralization (10 to 14 days after infection)


[image: image] Sequestra (dead bone with surrounding granulation tissue) and involucrum (periosteal new bone) later





[image: image] Pain, loss of limb function, and soft tissue abscess may be present.





[image: image] Diagnosis:




[image: image] Measurement of C-reactive protein is the most sensitive monitor of the course of infection in children




[image: image] Has a short half-life, dissipates about 1 week after effective treatment





[image: image] ESR is elevated in 90% of cases.




[image: image] Peaks after 3 to 5 days





[image: image] WBC count may be elevated or blood or bone cultures may be positive.




[image: image] This is true in fewer than 50% of cases.





[image: image] Nuclear medicine studies may be helpful in equivocal cases.


[image: image] MRI shows changes in bone and bone marrow before plain films do:




[image: image] Decreased T1-weighted bone marrow signal intensity


[image: image] Increased signal intensity on postgadolinium fat-suppressed T1-weighted images


[image: image] Increased T2-weighted signal in relation to normal fat








[image: image] Treatment:




[image: image] Treatment may be summarized as follows:




[image: image] Identify the organisms.


[image: image] Select appropriate antibiotics.


[image: image] Deliver antibiotics to the infected site.


[image: image] Halt tissue destruction.





[image: image] Empirical treatment should be administered before definitive culture findings become available.




[image: image] Newborn (up to 4 months of age)




   [image: image] The most common infecting organisms are S. aureus, gram-negative bacilli, and group B streptococci.


   [image: image] Primary empirical therapy consists of nafcillin or oxacillin plus a third-generation cephalosporin.




      [image: image] Alternative therapy: vancomycin plus a third-generation cephalosporin (primary if MRSA possible)





   [image: image] Patients may be afebrile; the best predictors are local signs in the extremity, including warmth.


   [image: image] Almost 70% of newborns with hematogenous osteomyelitis have positive blood cultures.





[image: image] Children 4 months of age or older




   [image: image] The most common infecting organisms are S. aureus and group A streptococci.


   [image: image] Primary empirical therapy consists of nafcillin or oxacillin.




      [image: image] Alternative therapy: vancomycin (primary if MRSA possible)





   [image: image] If Gram stain shows gram-negative bacilli, add a third-generation cephalosporin.


   [image: image] Immunization programs have almost eliminated Haemophilus influenzae bone infections that cause hematogenous osteomyelitis.





[image: image] Adults 21 years of age or older




   [image: image] The most common infecting organism is S. aureus, but a wide variety of other organisms have been isolated; cultures are essential.


   [image: image] Primary empirical therapy consists of nafcillin or oxacillin.




      [image: image] Alternative therapy: vancomycin (primary if MRSA possible)








[image: image] Sickle cell anemia




   [image: image] Salmonella infection is characteristic.


   [image: image] Primary empirical therapy consists of ciprofloxacin (only in adults).




      [image: image] Alternative therapy: levofloxacin (only in adults)











[image: image] Operative treatment may be necessary.




[image: image] Start after cultures have been obtained by aspiration or surgical drainage.


[image: image] Indications for operative intervention include the following:




   [image: image] Drainage of an abscess


   [image: image] Débridement of infected tissues to prevent further destruction


   [image: image] Refractory cases showing no improvement after nonoperative treatment














4. Acute osteomyelitis (after open fracture or open reduction with internal fixation)




[image: image] Clinical findings may be similar to those of acute hematogenous osteomyelitis.


[image: image] Treatment includes radical irrigation, débridement, and removal of orthopaedic hardware as necessary.




[image: image] For open wounds, rotational or free flaps may be required.





[image: image] The most common infecting organisms are S. aureus, Pseudomonas aeruginosa, and gram-negative bacilli.


[image: image] Empirical therapy should be started before definitive cultures: vancomycin with a third-generation cephalosporin.




[image: image] Alternative therapy is linezolid with a third-generation cephalosporin.


[image: image] Antibiotic regimen should be adjusted after culture results become available.





[image: image] In patients with acute osteomyelitis and vascular insufficiency or immunocompromise, the clinical picture is generally polymicrobial.





5. Chronic osteomyelitis




[image: image] May result from inappropriately treated acute osteomyelitis, trauma, or soft tissue spread


[image: image] Populations at high risk:




[image: image] Elderly Cierny type C hosts (Table 1-41)




Table 1-41


Chronic Osteomyelitis: Infected Host Types






	Type

	Description

	Risk






	A

	Normal immune response; nonsmoker

	Minimal






	B

	Local or mild systemic deficiency; smoker

	Moderate






	C

	Major nutritional or systemic disorder

	High










[image: image] Immunosuppressed patients


[image: image] Diabetic patients


[image: image] Intravenous drug abusers





[image: image] May be classified anatomically (Figure 1-94)




[image: image]


Figure 1-94 Cierny’s anatomic classification of adult chronic osteomyelitis.







[image: image] Skin and soft tissues are often involved.


[image: image] Squamous cell carcinoma may develop in the sinus tract.





[image: image] Periods of quiescence (of the infection) often followed by acute exacerbations


[image: image] Diagnosis:




[image: image] Nuclear medicine studies may help determine disease activity.


[image: image] Accurate identification of organisms may require deep specimens from multiple foci.


[image: image] S. aureus, Enterobacteriaceae, and P. aeruginosa are the most common infecting organisms.





[image: image] Treatment:




[image: image] Based on results of deep cultures and sensitivity testing




[image: image] Empirical therapy is not indicated.





[image: image] Combined treatment:




[image: image] Intravenous antibiotics (based on results of deep cultures)


[image: image] Surgical débridement (complete removal of compromised bone and soft tissue)


[image: image] Removal of retained hardware




   [image: image] Removing this hardware is the most important factor in eliminating infection.


   [image: image] Eliminating implant-associated infection is nearly impossible without removal of the implant.


   [image: image] Organisms grow in a glycocalyx (exopolysaccharide biofilm) that shields them from antibodies and antibiotics.








[image: image] After sterilization of the affected area, bone grafting and soft tissue coverage are often required.


[image: image] Unfortunately, amputation is required in certain cases.








6. Subacute osteomyelitis




[image: image] Diagnosis




[image: image] Usually discovered radiologically




[image: image] Painful limp and no systemic (and often no local) signs or symptoms


[image: image] Brodie’s abscess (localized radiolucency usually observed in the metaphyses of long bones)


[image: image] Sometimes difficult to differentiate from Ewing’s sarcoma





[image: image] May arise secondary to a partially treated acute osteomyelitis




[image: image] Occasionally develops in a fracture hematoma





[image: image] In contrast to acute osteomyelitis, WBC count and blood cultures are frequently normal




[image: image] ESR, bone cultures, and radiographs are often useful.





[image: image] Most commonly affects the femur and tibia




[image: image] Unlike acute osteomyelitis, subacute osteomyelitis can cross the physis, even in older children.








[image: image] Treatment:




[image: image] Surgical curettage of Brodie’s abscess in the metaphysis




[image: image] When infection is localized to only the epiphysis, other lesions (e.g., chondroblastoma) must be ruled out.





[image: image] Epiphyseal osteomyelitis: caused almost exclusively by S. aureus


[image: image] Epiphyseal osteomyelitis: surgical drainage required if pus is present




[image: image] Otherwise, intravenous antibiotics for 48 hours, followed by oral antibiotics for 6 weeks











7. Chronic sclerosing osteomyelitis




[image: image] Unusual; primarily involves the diaphyseal bones of adolescents


[image: image] Typified by intense proliferation of the periosteum, which leads to bony deposition




[image: image] May be caused by anaerobic organisms





[image: image] An insidious onset




[image: image] Dense, progressive sclerosis on radiographs


[image: image] Localized pain and tenderness are common





[image: image] Malignancy must be ruled out





8. Chronic multifocal osteomyelitis




[image: image] This condition is caused by an infectious agent; it appears in children without systemic symptoms.




[image: image] Except for elevated ESR, laboratory values are often normal.





[image: image] Radiographs demonstrate multiple metaphyseal lytic lesions.




[image: image] Especially in the medial clavicle, distal tibia, and distal femur





[image: image] It usually resolves spontaneously, necessitating only symptomatic treatment.





9. Osteomyelitis with unusual organisms (Table 1-42)




Table 1-42


Unusual Organisms That May Be Found in Osteomyelitis


[image: image]


IV, intravenous; PAS, p-aminosalicylic acid; PPD, purified protein derivative.







[image: image] Radiographic findings:




[image: image] Characteristic features in syphilis (Treponema pallidum): radiolucency in the metaphysis from granulation tissue


[image: image] Characteristic features in tuberculosis: joint destruction on both sides of a joint





[image: image] Histologic study can be helpful (e.g., in tuberculosis with granulomas).








C Joint infections




1. Septic arthritis




[image: image] Diagnosis




[image: image] Septic arthritis commonly follows hematogenous spread or extension of metaphyseal osteomyelitis in children.




[image: image] It can also be a complication of a diagnostic or therapeutic procedure


[image: image] Propionibacter acnes infection can follow mini-open repair of the rotator cuff.





[image: image] Most cases involve infants (hip) and children.




[image: image] The most common infecting organism is S. aureus.


[image: image] Group A streptococci are most common infecting organisms after varicella infection.





[image: image] The metaphyses of the proximal femur, proximal humerus, radial neck, and distal fibula are within their respective joint capsules.




[image: image] Metaphyseal osteomyelitis can rupture into the joint in these areas.





[image: image] The most common sites at which septic arthritis follows acute osteomyelitis are the proximal femur and hip.


[image: image] Risk factors for adults:




[image: image] RA (tuberculosis most characteristic, S. aureus most common)


[image: image] Intravenous drug abuse (Pseudomonas most characteristic)








[image: image] Treatment:




[image: image] Empirical antibiotic therapy (before results of definitive cultures are available).




[image: image] Newborn (up to 3 months of age)




   [image: image] Most common infecting organisms: S. aureus, Enterobacteriaceae, group B streptococcus, N. gonorrhoeae


   [image: image] Adjacent bony involvement in approximately 70% of patients


   [image: image] Blood culture results commonly positive


   [image: image] Initial treatment: nafcillin or oxacillin plus a third-generation cephalosporin




      [image: image] Alternative treatment, or if MRSA is a concern: vancomycin with a third-generation cephalosporin








[image: image] Children (3 months to 14 years of age)




   [image: image] Most common infecting organisms: S. aureus, Streptococcus pyogenes, Streptococcus pneumoniae, H. influenzae, and gram-negative bacilli


   [image: image] Initial treatment: vancomycin with a third-generation cephalosporin until culture results are available





[image: image] Sexually active adults who have acute monarticular septic arthritis




   [image: image] Most common infecting organisms: N. gonorrhoeae, S. aureus, streptococci, and aerobic gram-negative bacilli


   [image: image] Empirical therapy when Gram stain result is negative: ceftriaxone, cefotaxime, or ceftizoxime


   [image: image] Vancomycin when Gram stain shows gram-positive cocci in clusters





[image: image] Adults who are not sexually active who have acute monarticular septic arthritis




   [image: image] Most common infecting organisms: S. aureus, streptococci, and gram-negative bacilli


   [image: image] Empirical treatment driven by Gram stain results:




      [image: image] Gram negative: vancomycin plus a third-generation cephalosporin


      [image: image] Gram positive: vancomycin plus ciprofloxacin or levofloxacin








[image: image] Chronic monarticular septic arthritis




   [image: image] Most common infecting organisms: Brucella, Nocardia, and Mycobacteria species and fungi


   [image: image] Treatment: organism-specific





[image: image] Polyarticular septic arthritis




   [image: image] Most common infecting organisms: gonococci, B. burgdorferi, group A β-hemolytic streptococci (acute rheumatic fever), and viruses








[image: image] Surgical drainage or daily aspiration




[image: image] This protocol is the mainstay of treatment.


[image: image] Open (or arthroscopic) drainage is required for septic hip joints.


[image: image] Sacroiliac joint sepsis is unusual.




   [image: image] Best diagnosed from physical examination findings (flexion, abduction, and external rotation [FABER] most specific), ESR, bone scan, CT scan, and aspiration





[image: image] A pannus similar to that of inflammatory arthritis can be observed in tuberculosis infections.


[image: image] Late sequelae of septic arthritis include soft tissue contractures.




   [image: image] Can sometimes be treated with soft tissue procedures (such as a quadricepsplasty)














2. Septic bursitis




[image: image] Most commonly caused by an S. aureus infection


[image: image] Treatment: penicillinase-resistant synthetic penicillins




[image: image] Vancomycin or linezolid if MRSA








3. Infected TJA




[image: image] Prevention:




[image: image] Perioperative intravenous antibiotics are most effective.


[image: image] Also important:




[image: image] Good operative technique


[image: image] Laminar flow (avoiding obstruction between the air source and the operative wound)


[image: image] Exhaust suits (“space suits”)





[image: image] Preoperative joint aspiration for revision TKA appears to be useful in ruling out infection.


[image: image] However, routine joint aspiration for revision THA results in a high incidence of false-positive culture findings.





[image: image] Diagnosis:




[image: image] Staphylococcus epidermidis is the most common pathogen in infection associated with an implant.




[image: image] Next most frequent: S. aureus and group B streptococci





[image: image] Signs:




[image: image] Increased pain


[image: image] Swelling


[image: image] Erythema


[image: image] Drainage





[image: image] Tissue culture: most accurate test




[image: image] Culture of joint aspirate





[image: image] ESR: most sensitive indicator of infection




[image: image] However, not specific


[image: image] Elevated after surgery, even without infection





[image: image] Measurement of specific C-reactive protein




[image: image] However, this level also elevated after surgery





[image: image] Preoperative skin ulcerations increase risk of infected TKA.





[image: image] Treatment




[image: image] Acute infections (within 2 to 3 weeks of arthroplasty):




[image: image] The usual treatment is prosthesis salvage.


[image: image] Exchange only polyethylene components.




   [image: image] Provided that the metallic components are stable





[image: image] Synovectomy for an acute TKA infection is also beneficial.





[image: image] Delayed or chronic TJA infections:




[image: image] Implant (and cement) removal is required.


[image: image] A staged exchange arthroplasty may be performed later, depending on the virulence of the organism.





[image: image] An overlying glycocalyx formed by organisms




[image: image] This makes infection control difficult without removal of the prosthesis and vigorous débridement.


[image: image] However, according to Cierny, the host is more important than the organism in terms of risk (see Table 1-41).





[image: image] Antibiotic-impregnated cement in revision arthroplasties and antibiotic spacers/beads in infected total joints: maybe useful


[image: image] Reimplantation: successful at variable intervals




[image: image] After thorough débridement


[image: image] With use of polymethylmethacrylate (PMMA) with antibiotics


[image: image] Use of frozen sections (to ensure that local tissues have less than 5 to 10 PMNs per high-power field) advocated by some authorities














D Other infections




1. Tetanus




[image: image] Tetanus is a potentially lethal neuroparalytic disease.




[image: image] Caused by an exotoxin of Clostridium tetani





[image: image] Prophylaxis requires identifying a tetanus-prone wound and the patient’s immunization history.


[image: image] The following wounds are tetanus-prone:




[image: image] Those more than 6 hours old


[image: image] Those that have an irregular configuration


[image: image] Those that have a depth of more than 1 cm or are the result of a projectile injury, crush injury, burn, or frostbite


[image: image] Those that have devitalized tissue


[image: image] Those that are grossly contaminated





[image: image] Patients with tetanus-prone wounds and unknown tetanus status or fewer than three immunizations require the following prophylaxis:




[image: image] Tetanus and diphtheria toxoids


[image: image] Tetanus immune globulin (human)





[image: image] Fully immunized patients with tetanus-prone wounds should be managed as follows:




[image: image] Immune globulin is not required.


[image: image] Tetanus toxoid should be administered in these cases:




[image: image] The wound is severe or more than 24 hours old.


[image: image] The patient has not received a booster immunization within the past 5 years.








[image: image] Patients with non–tetanus-prone wounds should be managed as follows:




[image: image] Tetanus toxoid only the following situations:




[image: image] Immunization history is unknown.


[image: image] Patient has received fewer than three doses of tetanus immunization.








[image: image] Established tetanus should be treated as follows:




[image: image] Primarily to control muscle spasms




[image: image] Diazepam





[image: image] Initial antibiotic therapy includes penicillin G or doxycycline; alternative therapy includes metronidazole








2. Rabies




[image: image] Rabies is an acute infection characterized by CNS irritation.




[image: image] May be followed by paralysis and death





[image: image] The organism is a neurotropic virus present in the saliva of rabid animals.


[image: image] With bites from presumably healthy dogs or cats bites, the animals should be observed for 10 days.




[image: image] No need to start antirabies treatment immediately


[image: image] If the animal begins to experience symptoms, one of the following:




[image: image] Human rabies immune globulin with human diploid cell vaccine


[image: image] Rabies vaccine absorbed (inactivated)





[image: image] If the dog or cat is suspected or known to be rabid, immediate antirabies treatment





[image: image] With bites from skunks, raccoons, bats, foxes, and most carnivores, the animals should be considered rabid.




[image: image] The patient should be immunized immediately.





[image: image] Animals whose bites rarely require antirabies treatment:




[image: image] Mice, rats, chipmunks, gerbils, guinea pigs, hamsters, squirrels, and other rodents; rabbits and other lagomorphs








3. Puncture wounds of the foot




[image: image] The most characteristic organism to cause infection as a result of a nail through the sole of a shoe is P. aeruginosa (unless the host is immunocompromised).


[image: image] There is no standard prophylactic antibiotic treatment for a recent (hours-old) puncture through the sole of an athletic shoe.




[image: image] Treatment may include removal of foreign bodies and tetanus prophylaxis.





[image: image] Osteomyelitis can result from a puncture wound.




[image: image] Develops in 1% to 2% of puncture wounds through the sole of a shoe.


[image: image] Treatment: ciprofloxacin or levofloxacin (except in children)


[image: image] Alternative: ceftazidime or cefepime








4. Diabetic foot infections




[image: image] Ulcer less than 2 cm in diameter, with superficial inflammation




[image: image] No osteomyelitis


[image: image] Most infecting common organisms: S. aureus (MRSA), Streptococcus agalactiae, and S. pyogenes


[image: image] Suggested antibiotic treatment: oral trimethoprim-sulfamethoxazole; minocycline plus penicillin V potassium; second- or third-generation cephalosporin; or fluoroquinolone





[image: image] Chronic, recurrent, limb-threatening “diabetic foot”




[image: image] These infections can be life-threatening; cultures generally reveal a polymicrobial picture (including aerobic cocci, aerobic bacilli, and anaerobes).


[image: image] Results of cultures from diabetic foot ulcers are unreliable.




[image: image] Cultures from bone biopsy are required.





[image: image] Early or comparatively milder cases can be treated as follows:




[image: image] Oral treatment (one of the following regimens):




   [image: image] Ampicillin-clavulanate plus trimethoprim-sulfamethoxazole


   [image: image] Ciprofloxacin, levofloxacin, or moxifloxacin plus linezolid


   [image: image] Ertapenem





[image: image] Parenteral treatment:




   [image: image] Vancomycin plus ampicillin-sulbactam, piperacillin-tazobactam, ticarcillin/clavulanate, or ertapenem








[image: image] In severe cases or when the patient is septic, treatment is as follows:




[image: image] Parenteral vancomycin plus one of the following:




   [image: image] β-lactam/β-lactamase inhibitor


   [image: image] Doripenem


   [image: image] Imipenem/cilastatin


   [image: image] Meropenem








[image: image] Rapid surgical intervention with irrigation and débridement is essential.




[image: image] Débridement helps differentiate a diabetic foot from necrotizing fasciitis or gas gangrene.











5. Paronychia




[image: image] Infection/inflammation of the paronychial fold on the side of the nail


[image: image] Caused by nail biting and manicuring




[image: image] Most common infecting organism: S. aureus




[image: image] Anaerobes are also common.





[image: image] Initial antibiotic treatment: none; incision and drainage with culture




[image: image] Alternative treatment: trimethoprim-sulfamethoxazole until culture results are available








[image: image] Common among dentists, anesthesiologists, and wrestlers




[image: image] In contact with the oral mucosa of other people


[image: image] Most common infecting organism: herpes simplex (whitlow)


[image: image] Commonly manifests with vesicles containing clear fluid


[image: image] Gram stain and routine cultures yield negative results.


[image: image] Treatment of choice: acyclovir




[image: image] There is no need to débride the vesicles.








[image: image] Common in dishwashers




[image: image] Engaged in activities that involve prolonged immersion in water


[image: image] Most common infecting organism: Candida organisms


[image: image] Treatment: topical clotrimazole




[image: image] Also avoiding immersion if possible











6. Fungal infections




[image: image] Fungi are multicellular organisms with mycelia (branches) that induce a tissue hypersensitivity reaction.


[image: image] They cause chronic granuloma, abscess, and necrosis.


[image: image] Surgical treatment and amphotericin B administration are often required.




[image: image] Oral ketoconazole is effective for some limited infections.








7. HIV infection




[image: image] Incidence




[image: image] Increased among homosexual men, patients with hemophilia, and intravenous drug abusers




[image: image] HIV infection, however, may occur in any population.





[image: image] Primarily affects lymphocyte and macrophage cell lines




[image: image] Decreases T helper cells (CD4 cells)








[image: image] AIDS




[image: image] Diagnosis requires an HIV-positive test plus one of the following:




[image: image] One of the opportunistic infections (such as pneumocystis)


[image: image] CD4 count of less than 200 (normal = 700 to 1200)








[image: image] Transmission




[image: image] Risk of seroconversion from a contaminated needlestick is 0.3%.




[image: image] Increases if the exposure involves a large amount of blood


[image: image] Risk of seroconversion from mucous membrane exposure: 0.09%





[image: image] Risk of HIV transmission from a large, frozen bone allograft is less than 1 per 1 million.




[image: image] Donor screening is the most important factor in preventing viral transmission.


[image: image] No cases of HIV conversion from fresh-frozen bone allograft have been reported since 2001.





[image: image] The risk of transmission of HIV through a blood transfusion is estimated to be 1 per 500,000 per unit transfused.




[image: image] Blood that is seronegative for HIV may nonetheless transmit HIV to a transfusion recipient; there is a delay (in the donor) between HIV infection and development of a detectable antibody.








[image: image] Associated risks




[image: image] HIV positivity is not a contraindication to performing required surgical procedures.


[image: image] HIV-positive patients may be at increased risk for wound infections and nonwound complications (e.g., urinary tract infection, pneumonia).


[image: image] Patients with HIV infection can develop secondary rheumatologic conditions such as Reiter’s syndrome.


[image: image] Fetal AIDS is transmitted across the placenta.




[image: image] Affected children typically have a boxlike forehead, wide eyes, a small head, and growth failure.











8. Hepatitis




[image: image] Hepatitis A




[image: image] Common in areas with poor sanitation and public health concerns


[image: image] Not a major problem regarding surgical transmission





[image: image] Hepatitis B




[image: image] Approximately 200,000 people are infected each year.


[image: image] Currently, more than 12 million people in the United States are carriers.




[image: image] 350 million carriers worldwide





[image: image] Screening and vaccination have reduced the risk of transmission for health care workers.


[image: image] Immune globulin is administered after exposure in nonvaccinated persons.


[image: image] The risk of transmission after allogenic blood transfusion is higher for hepatitis A than for HIV and hepatitis C.





[image: image] Hepatitis C (non-A, non-B)




[image: image] The offending virus has been identified.


[image: image] Recent advances in screening have decreased the risk of transfusion-associated infection.




[image: image] One per 103,000 transfusions





[image: image] Hepatitis C is also related to intravenous drug abuse.


[image: image] PCR is the most sensitive method for early detection of infection.








9. Cat-scratch fever (cat-scratch disease)




[image: image] Caused by Bartonella henselae, which infects the lymphatic system




[image: image] Transmitted via a wound inflicted by a cat





[image: image] Erythematous, painful lymphadenitis


[image: image] Treatment: azithromycin


[image: image] Alternative treatment:




[image: image] Supportive only; needle aspiration of suppurative lymph nodes to relieve pain


[image: image] Do not perform incision and drainage on the lesions





[image: image] Resolves in 2 to 6 months





10. Allograft infection




[image: image] May involve up to 20% of allografts


[image: image] Aggressive measures are needed to control





11. Meningococcemia




[image: image] Can develop in patients with multiple infarcts, such as electrical burns





12. Marjolin’s ulcer




[image: image] Squamous cell carcinoma


[image: image] Develops in patients with chronic drainage from sinus tracts


[image: image] Observed in untreated chronic osteomyelitis





13. Nutritional status and infection




[image: image] Good nutrition decreases the incidence of postoperative infection.


[image: image] Malnutrition is common after multiple trauma.





14. Postsplenectomy status




[image: image] Patients are susceptible to streptococcal infections.











II ANTIBIOTICS




A Prophylactic treatment




1. Prevention of postoperative sepsis




[image: image] For clean surgical cases, administer 1 hour preoperatively and continue for 24 hours postoperatively.





2. Perioperative use




[image: image] First-generation cephalosporins in cases necessitating hardware





3. Shorter course of prophylactic antibiotics




[image: image] Decreases the likelihood that bacteria will develop resistance








B Initial care after an open traumatic wound




1. Types I and II open fractures




[image: image] First-generation cephalosporins are the treatment of choice.


[image: image] Some authorities suggest adding an aminoglycoside or a second-generation cephalosporin.





2. Type IIIA open fractures




[image: image] First-generation cephalosporin plus an aminoglycoside


[image: image] Penicillin added for grossly contaminated (type IIIB) open fractures








C Antibiotic-resistant bacteria




1. Intrinsic resistance




[image: image] Features of a cell that prevent antibiotics from acting on it




[image: image] For example, absence of a metabolic pathway or enzyme





[image: image] MRSA




[image: image] Gene (mecA) produces the enzyme penicillin-binding protein 2a (PBP2a).


[image: image] This enzyme prevents the normal enzymatic acylation of antibiotics.








2. Acquired resistance to antibiotics




[image: image] A resistant strain emerges from a population that was previously sensitive.


[image: image] Resistance is mediated by plasmids (extrachromosomal genetic elements) and transposons.








D Spectrum of antimicrobial agents (Box 1-4)





Box 1-4


Overview of Antimicrobial Agents





 Penicillins





 Natural




Penicillin G


Penicillin V potassium











 Penicillinase-Resistant Penicillins




Methicillin (Staphcillin, Celbenin)


Nafcillin (Unipen, Nafcil)


Oxacillin (Prostaphlin, Bactocill)


Cloxacillin (Tegopen, Cloxapen)


Dicloxacillin (Dynapen, Pathocil)


Flucloxacillin (Floxapen, Ladropen, Staphcil)











 Aminopenicillins




Ampicillin (Omnipen, Polycillin)


Amoxicillin (Amoxil)


Bacampicillin (Spectrobid)


Amoxicillin/clavulanate (Augmentin)


Ampicillin/sulbactam (Unasyn)


Antipseudomonal agents


Indanyl carbenicillin (Geocillin)


Ticarcillin (Ticar)


Ticarcillin/clavulanate (Timentin)


Mezlocillin (Mezlin)


Piperacillin (Pipracil)


Piperacillin/tazobactam (Zosyn)














 Cephalosporins





 First Generation




Cephalothin (Keflin, Seffin)


Cefazolin (Ancef, Kefzol)


Cephapirin (Cefadyl)


Cephradine (Velosef)


Cephalexin (Keflex, Keftab)


Cefadroxil (Duricef, Ultracef)











 Second Generation




Cefaclor (Ceclor)


Cefamandole (Mandol)


Cefoxitin (Mefoxin)


Cefuroxime (Zinacef, Kefurox)


Cefuroxime axetil (Ceftin)


Cefmetazole (Zefazone)


Cefotetan (Cefotan)


Cefprozil (Cefzil)


Cefonicid (Monocid)


Loracarbef (Lorabid)


Ceftibuten (Cedax)











 Third Generation




Cefdinir (Omnicef)


Cefditoren pivoxil (Spectracef)


Cefetamet pivoxil (Ro 15-8075)


Cefotaxime (Claforan)


Cefpodoxime proxetil (Vantin)


Cefoperazone (Cefobid, Claforan)


Ceftibuten (Cedax)


Ceftizoxime (Cefizox)


Ceftriaxone (Rocephin, Nitrocefin)


Ceftazidime (Fortaz, Tazicef, Tazidime)


Ceftriaxone (Rocephin)


Cefixime (Suprax)


Cefpodoxime proxetil (Vantin)











 Fourth Generation




Cefpirome (HR 810)


Cefepime (Maxipime)














 Carbapenems




Ertapenem (Invanz)


Imipenem cilastatin (Primaxin)


Meropenem (Merrem)











 Monobactams




Aztreonam (Azactam)











 Aminoglycosides




Amikacin (Amikin)


Gentamicin (Garamycin)


Kanamycin (Kantrex)


Neomycin


Netilmicin (Netromycin)


Tobramycin (Nebcin)











 Fluoroquinolones




Norfloxacin (Noroxin)


Ciprofloxacin (Cipro)


Ofloxacin (Floxin)


Enoxacin (Penetrex)


Gatifloxacin (Tequin)


Gemifloxacin (Factive)


Grepafloxacin (Raxar)


Lomefloxacin (Maxaquin)


Moxifloxacin (Avelox)


Pefloxacin


Levofloxacin (Levaquin)


Sparfloxacin (Zagam)


Trovafloxacin (Trovan)











 Macrolides, Azalides, Lincosamides, Ketolides




Azithromycin (Zithromax)


Clarithromycin (Biaxin)


Dirithromycin (Dynabac)


Erythromycin


Telithromycin (Ketek)


Clindamycin (Cleocin)











 Other Antibacterial Agents




Chloramphenicol (Chloromycetin)


Colistin


Dalbavancin


Daptomycin (Cubicin)


Linezolid (Zyvox)


Quinupristin/dalfopristin (Synercid)


Rifampin (Rifadin, Rimactane)


Rifaximin (Xifaxan)


Tigecycline (Tygacil)


Vancomycin (Vancocin, Vancoled)


Teicoplanin (Targocid)


Doxycycline (Vibramycin)


Minocycline (Minocin)


Tetracycline (Terramycin)


Polymyxin B (Aerosporin)


Fusidic acid (Fucidin)


Fosfomycin (Monurol)


Sulfisoxazole (Gantrisin)


Trimethoprim/sulfamethoxazole (Bactrim, Septra)


Metronidazole (Flagyl)











 Antifungal Agents




Amphotericin B (Fungizone)


Fluconazole (Diflucan)


Flucytosine (Ancobon)


Ketoconazole (Nizoral)


Itraconazole (Sporanox)


Voriconazole


Caspofungin


Micafungin











 Antimycobacterial Agents




Amikacin (Amikin)


Capreomycin (Capastat)


Cycloserine (Seromycin)


Ethambutol (Myambutol)


Ethionamide


Isoniazid (INH [Nydrazid])


Pyrazinamide


Rifabutin (Mycobutin)


Rifampin (Rifadin)


Streptomycin


Thiacetazone











 Antiparasitic Agents




Albendazole (Zentel)


Atovaquone (Mepron)


Dapsone


Ivermectin (Stromectol)


Mefloquine (Lariam)


Nitazoxanide (Alinia)


Proguanil (Paludrine)


Pentamidine (Pentam 300)


Pyrimethamine (Daraprim)


Praziquantel (Biltricide)


Quinine


Tinidazole











 Antiviral Agents




Abacavir (Ziagen)


Acyclovir (Zovirax)


Adefovir (Hepsera)


Amantadine (Symmetrel)


Amprenavir (Agenerase)


Atazanavir (Reyataz)


Cidofovir (Vistide)


Delavirdine (Rescriptor)


Didanosine (Videx)


Efavirenz (Sustiva)


Emtricitabine (Emtriva)


Enfuvirtide (Fuzeon)


Entecavir (Baraclude)


Famciclovir (Famvir)


Fosamprenavir (Lexiva)


Foscarnet (Foscavir)


Ganciclovir (Cytovene)


Indinavir (Crixivan)


Lamivudine (Epivir, Epivir-HBV)


Lopinavir/ritonavir (Kaletra)


Nelfinavir (Viracept)


Nevirapine (Viramune)


Oseltamivir (Tamiflu)


Ribavirin (Virazole)


Rimantadine (Flumadine)


Ritonavir (Norvir)


Saquinavir (Invirase, Fortovase)


Stavudine (Zerit)


Tenofovir (Viread)


Tipranavir (Aptivus)


Valacyclovir (Valtrex)


Zalcitabine (Hivid)


Zidovudine [AZT (Retrovir)]








Adapted from Gilbert DN, et al: The Sanford guide to antimicrobial therapy 2006, ed 36, Sperryville, Va, 2006, Antimicrobial Therapy, pp 59-81.





E Antibiotic indications and side effects (Table 1-43)




Table 1-43


Antibiotic Indications and Side Effects






	Antibiotics

	Sensitive Organisms

	Complications/Other Information






	Aminoglycosides

	G−, PM

	Auditory (most common) and vestibular damage is caused by destruction of the cochlear and vestibular sensory cells from drug accumulation in the perilymph and endolymph
Renal toxicity
Neuromuscular blockade






	Amphotericin

	Fungi

	Nephrotoxic






	Aztreonam

	G−

	Ineffective against anaerobes






	Carbenicillin/ticarcillin/piperacillin

	Better against G− than for G+

	Platelet dysfunction, increased bleeding times






	Cephalosporins

	 

	Nausea, vomiting, diarrhea






	 First generation

	Prophylaxis (surgical)

	Cefazolin is the drug of choice






	 Second generation

	Some G+, some G−

	 






	 Third generation

	G−, fewer G+

	Hemolytic anemia (bleeding diathesis [moxalactam])






	Chloramphenicol

	
Haemophilus influenzae, anaerobes

	Bone marrow aplasia






	Ciprofloxacin

	G−, methicillin-resistant Staphylococcus aureus


	Tendon ruptures; cartilage erosion in children; antacids reduce absorption of ciprofloxacin; theophylline increases serum concentrations of ciprofloxacin






	Clindamycin

	G+, anaerobes

	Pseudomembranous enterocolitis






	Daptomycin

	G+, methicillin-resistant S. aureus


	Muscle toxicity






	Erythromycin

	G+

	In cases of PCN allergy
Ototoxic






	Imipenem

	G+, some G−

	Resistance, seizure






	Methicillin/oxacillin/nafcillin

	Penicillinase resistant

	Same as penicillin; nephritis (methicillin); subcutaneous skin slough (nafcillin)






	Penicillin

	Streptococcal, G+

	Hypersensitivity/resistance; hemolytic






	Polymyxin/nystatin

	GU

	Nephrotoxic






	Sulfonamides

	GU

	Hemolytic anemia






	Tetracycline

	G+

	In cases of PCN allergy
Stains teeth/bone (contraindicated up to age 8)






	Vancomycin

	Methicillin-resistant S. aureus, Clostridium difficile


	Ototoxic; erythema with rapid IV delivery







G+, gram positive; G−, gram negative; GU, genitourinary; IV, intravenous; PM, polymicrobial; PCN, penicillin.





F Mechanism of action of antibiotics (Table 1-44)




Table 1-44[image: image]


Mechanism of Action of Antibiotics






	Class of Antibiotic

	Examples

	Mechanism of Action






	β-lactam antibiotics

	Penicillin
Cephalosporins

	Inhibit cross-linking of polysaccharides in the cell wall by blocking transpeptidase enzyme






	Aminoglycosides

	Gentamicin
Tobramycin

	Inhibit protein synthesis (the mechanism is through binding to cytoplasmic 30S-ribosomal subunit)






	Clindamycin and macrolides

	Clindamycin
Erythromycin
Clarithromycin
Azithromycin

	Inhibit the dissociation of peptidyl-transfer RNA from ribosomes during translocation (the mechanism is through binding to 50S-ribosomal subunit)






	Tetracyclines

	 

	Inhibit protein synthesis (binds to 50S-ribosomal subunit)






	Glycopeptides

	Vancomycin
Teicoplanin

	Interfere with the insertion of glycan subunits into the cell wall






	Rifampin

	 

	Inhibits RNA polymerase F






	Quinolones

	Ciprofloxacin
Levofloxacin
Ofloxacin

	Inhibit DNA gyrase






	Oxazolidinones

	Linezolid

	Inhibits protein synthesis (binds to 50S-ribosomal subunits)










G Other forms of antibiotic delivery




1. Antibiotic beads or spacers




[image: image] PMMA is impregnated with antibiotics.




[image: image] Usually an aminoglycoside


[image: image] Useful for infected TJA or osteomyelitis with bony defects


[image: image] Choice of antibiotic depends on the microorganism


[image: image] Dosage depends on the antibiotic and type of PMMA





[image: image] Antibiotics used with PMMA for infection include the following:




[image: image] Tobramycin, gentamicin, cefazolin (Ancef) and other cephalosporins, oxacillin, cloxacillin, methicillin, lincomycin, clindamycin, colistin, fusidic acid (Fucidin), neomycin, kanamycin, and ampicillin


[image: image] Chloramphenicol and tetracycline appear to become inactivated during polymerization.





[image: image] Antibiotics elute from PMMA beads.




[image: image] Exponential decline over a 2-week period


[image: image] Cease to be present in significant levels by 6 to 8 weeks





[image: image] Much higher local tissue concentrations can be achieved than by systemic administration, but with fewer problems.




[image: image] Extremely high local concentrations can decrease cellular replication or cause cell death.





[image: image] Increased surface area of PMMA (e.g., oval beads) enhances antibiotic elution.


[image: image] Beads are inserted after thorough débridement.


[image: image] Beads should always be removed.




[image: image] PMMA may cause a foreign body reaction.





[image: image] Adding 2 g of antibiotic powder per 40 g of powdered PMMA (simplex P) does not appreciably affect the compressive strength.




[image: image] Maximum antibiotic without affecting strength is 5% total weight of PMMA.


[image: image] Higher concentrations (4 to 5 g of antibiotic powder per 40 g of PMMA) significantly reduce compressive strength.





[image: image] Antibiotic-impregnated cement spacers help prevent soft tissue contracture after removal of an infected TKA.





2. Osmotic pump




[image: image] Delivers high concentrations of antibiotics locally


[image: image] Used mainly for osteomyelitis





3. Home intravenous therapy




[image: image] Cost-effective alternative for long-term intravenous antibiotics


[image: image] Facilitated by a Hickman or Broviac indwelling catheter





4. Immersion solution




[image: image] Contaminated bone (open fracture) may be sterilized by immersion in a chlorhexidine gluconate scrub and an antibiotic solution.
























section 6 Perioperative Problems







I PULMONARY PROBLEMS




A Blood gas evaluation




1. Working formula for evaluating blood gases:




[image: image]





Where Po2 is the expected partial pressure of oxygen in a healthy person, Fio2 is the percentage of inspired oxygen, and Pco2 is the partial pressure of carbon dioxide, the value of which is obtained by the blood gas assay.


    Example: A 63-year-old man has an acute onset of shortness of breath 12 hours after a THA. A blood gas assay obtained 15 minutes after the patient is administered 60% oxygen (Fio2 = 60) reveals the following observed values:




[image: image] Po2 = 120


[image: image] Pco2 = 60





However, the expected Po2 = 7(60) − Pco2 = 420 − Pco2. With a Pco2 of 60, the expected (normal) Po2 would therefore be




[image: image]





The observed Po2 (120) indicates an obvious problem with pulmonary status. To quantify the extent of the problem, calculate the Aa gradient:




[image: image]





Continuing with the example,


[image: image]


Finally, the percent physiologic shunt is calculated:


[image: image]


Therefore,


[image: image]





B Thromboembolism




1. Common in patients who have undergone orthopaedic procedures




[image: image] Especially those with procedures around the hip





2. Risk increases with many conditions (Box 1-5)





Box 1-5   Risk Factors for the Development of Thromboembolism







• History of thromboembolism


• Obesity


• Malignancy


• Aging


• Congestive heart failure (CHF)


• Use of a birth control pill


• Varicose veins


• Smoking


• General anesthetics (in contrast with continuous epidural)


• Increased blood viscosity


• Protein S deficiency


• Immobilization


• Paralysis


• Pregnancy








3. Deep venous thrombosis (DVT)




[image: image] Pathophysiologic findings:




[image: image] Virchow’s triad: endothelial damage, venous stasis, hypercoagulability


[image: image] Tissue factor (thromboplastin) released in large amounts during orthopaedic procedures, triggering the coagulation cascade





[image: image] Diagnosis:




[image: image] Clinical suspicion often more helpful than findings of physical examination (pain, swelling, Homan’s sign)




[image: image] Familial (factor V Leiden) thrombophilia




   [image: image] This condition is caused by an abnormality in factor V.


   [image: image] More than 50% of patients with familial thrombophilia will develop DVT with long bone fracture, TJA, or other risk.








[image: image] Useful studies




[image: image] Venography (the “gold standard”)




   [image: image] Accuracy: 97% (70% for iliac veins)





[image: image] Iodine-125 (125I)–labeled fibrinogen




   [image: image] Artifact at the operative site causes false-positive findings.





[image: image] Impedance plethysmography




   [image: image] Poor sensitivity





[image: image] Duplex ultrasonography (B-mode)




   [image: image] Accuracy: 90% for DVT proximal to the trifurcation vessels





[image: image] Doppler imaging




   [image: image] Immediate bedside tool, often the best first study











[image: image] Prophylaxis:




[image: image] The most important factor in decreasing morbidity and mortality


[image: image] Common methods (Table 1-45):




Table 1-45[image: image]


Thromboembolism Prophylaxis


[image: image]


*See text for details.







[image: image] Mechanical prophylaxis




   [image: image] Prevents venous stasis


   [image: image] Increases systemic release of endogenous fibrinolytic activity





[image: image] Recommended options for 10-day treatment after knee or hip arthroplasty:




   [image: image] Low–molecular-weight heparin


   [image: image] Warfarin (targeted international normalized ratio of 2 to 3)


   [image: image] Fondaparinux








[image: image] Warfarin (Coumadin)




[image: image] Anticoagulation effects from inhibition of hepatic enzymes and vitamin K 2,3-epoxide reductase


[image: image] Results in decarboxylation of the vitamin K–dependent protein factors




   [image: image] Factors II (prothrombin), VII (first affected), IX, and X





[image: image] Does not directly bind vitamin K or the clotting factors




   [image: image] But inhibits posttranslational modification of vitamin K–dependent clotting factors





[image: image] Effects can be reversed with vitamin K or, more rapidly, with fresh-frozen plasma.


[image: image] Rifampin and phenobarbital are antagonists to warfarin.








[image: image] Treatment:




[image: image] Postoperative DVT necessitates initiation of heparin therapy.




[image: image] Followed by later conversion to long-term (3-month) warfarin therapy





[image: image] Treatment is recommended for all thigh DVTs.




[image: image] Treatment of DVTs occurring below the popliteal fossa is controversial.





[image: image] Preoperative DVT in a patient with lower extremity or pelvic trauma is an indication for placement of a vena cava filter.


[image: image] Virchow’s triad consists of events involved in venous thrombosis:




[image: image] Venous stasis


[image: image] Hypercoagulability


[image: image] Intimal injury





[image: image] Thromboembolism formation (Figure 1-95)




[image: image]


Figure 1-95 Venous thromboembolus formation. A, Stasis. B, Fibrin formation. C, Clot retraction. D, Propagation. E through H, Continuation of this process until the vessel is effectively occluded. (From Simon SR [editor]: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 492.)











4. Pulmonary embolism




[image: image] Approximately 700,000 people in the United States have an asymptomatic pulmonary embolism each year.




[image: image] Of these cases, 200,000 are fatal.


[image: image] The most important factor for survival is early diagnosis with prompt initiation of therapy.


[image: image] DVT and fatal pulmonary embolism occur in varying frequencies in unprotected patients Table 1-46.




Table 1-46


Frequency of Deep Venous Thrombosis and Fatal Pulmonary Embolism (Diagnosed with Venography) in Unprotected Patients


[image: image]


Adapted from Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 489.








[image: image] Pulmonary embolism should be suspected in postoperative patients with any of the following conditions:




[image: image] An acute onset of pleuritic pain


[image: image] Tachypnea (90%)


[image: image] Tachycardia (60%)





[image: image] Initial workup includes the following:




[image: image] Electrocardiography




[image: image] May show right bundle branch block


[image: image] Shows right axis deviation in 25%


[image: image] May also show slow-twitch depression or T-wave inversion in lead III





[image: image] Chest radiography




[image: image] Hyperlucency rare





[image: image] Arterial blood gas measurements




[image: image] Normal Po2 does not rule out pulmonary embolism.








[image: image] Nuclear medicine ventilation-perfusion scan (may be helpful)




[image: image] Pulmonary angiography is the “gold standard” for diagnosis if there is any uncertainty.





[image: image] Treatment:




[image: image] Heparin therapy (continuous intravenous infusion) is initiated.




[image: image] Followed by oral warfarin for 3 months


[image: image] Monitored by measurements of partial thromboplastin time (PTT).





[image: image] Select cases necessitate more aggressive therapy.




[image: image] Thrombolytic agents, vena cava filter, other surgical measures





[image: image] Heparin therapy is administered for 7 to 10 days, followed by oral warfarin for 3 months.




[image: image] Monitored by measurements of prothrombin time











5. Coagulation (Figure 1-96)




[image: image]


Figure 1-96 Coagulation cascade of factors I through XIII. HMWK, high–molecular-weight kininogens (bradykinin precursors); PL, platelet phospholipids; PT, prothrombin time; PTT, partial thromboplastin time; TF, tissue factor (thromboplastin); vWF, von Willebrand factor. (From Shannon MW, et al: Haddad and Winchester’s clinical management of poisoning and overdose, ed 4, Philadelphia, 2007, WB Saunders.)







[image: image] A cascade of enzymatic reactions




[image: image] Beginning with prothrombin-converting activity


[image: image] Concluding with fibrin clot formation




[image: image] As fibrinogen is cleaved by thrombin and converted to fibrin








[image: image] Intrinsic pathway




[image: image] Monitored by PTT


[image: image] Activated when factor XII contacts the collagen of damaged vessels





[image: image] Extrinsic pathway




[image: image] Monitored by measurements of prothrombin time


[image: image] Activated by thromboplastin release into the circulation after cellular injury





[image: image] The bleeding-time test: a measure of platelet function


[image: image] Fibrinolytic system dissolves clots.




[image: image] Plasminogen is converted to plasmin.




[image: image] With the help of tissue activators, factor XIIa, and thrombin)





[image: image] Plasmin dissolves a fibrin clot.





[image: image] Ginkgo biloba




[image: image] Displaces platelet-activating factor from its receptor binding site


[image: image] May lead to prolonged bleeding after THA











C Acute respiratory distress syndrome (ARDS)




1. Acute respiratory failure is secondary to pulmonary edema.




[image: image] Occurs after such events as trauma, shock, or infection





2. Causes include the following:




[image: image] Pulmonary infection


[image: image] Sepsis


[image: image] Fat embolism


[image: image] Microembolism


[image: image] Aspiration


[image: image] Fluid overload


[image: image] Atelectasis


[image: image] Oxygen toxicity


[image: image] Pulmonary contusion


[image: image] Head injury


[image: image] Fluid overload, aspiration, and microscopic emboli may also contribute





3. Activation of the complement system leads to further progression.


4. Signs include the following:




[image: image] Tachypnea


[image: image] Dyspnea


[image: image] Hypoxemia


[image: image] Decreased lung compliance





5. Clinical diagnosis of ARDS after fracture of a long bone is best made with arterial blood gas measurements.


6. Normal supportive care is often unsuccessful.




[image: image] A mortality rate of 50% is not uncommon.





7. Ventilation with positive end-expiratory pressure (PEEP) is important.




[image: image] Steroids have not proven efficacious.





8. Early stabilization of fracture of a long bone (particularly femur) decreases risk of pulmonary complications.





D Fat embolism (Figure 1-97)




[image: image]


Figure 1-97 Pathologic events of fat embolism syndrome. AcG, accelerator globulin; AV, arteriovenous; FFA, free fatty acid; PTA, plasma thromboplastin antecedent. (From Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 502.)







1. Fat embolism usually occurs 24 to 72 hours after trauma.




[image: image] Occurs in 3% to 4% of patients with long bone fractures


[image: image] Fatal in 10% to 15% of cases





2. Early skeletal stabilization decreases incidence.


3. Onset may be heralded by any of the following:




[image: image] Hypoxemia (Pao2 < 60 mm Hg)


[image: image] CNS depression


[image: image] Petechiae: axillae, conjunctivae, palate


[image: image] Tachypnea


[image: image] Pulmonary edema


[image: image] Tachycardia


[image: image] Mental status changes


[image: image] Confusion





4. Fat embolism may be caused by the following:




[image: image] Bone marrow fat (mechanical theory)


[image: image] Chylomicron changes, result of stress (metabolic theory)


[image: image] Both these entities





5. A ventilation-perfusion deficit (hypoxemia) is consistent with ARDS.




[image: image] Metabolism to free fatty acids


[image: image] Initiation of the clotting cascade


[image: image] Pulmonary capillary leakage


[image: image] Bronchoconstriction


[image: image] Alveolar collapse





6. Treatment is necessary:




[image: image] Mechanical ventilation, high levels of PEEP





7. Steroids do not appear to have a prophylactic role.


8. Overreaming the femoral canal can decrease the incidence of fat embolism during TKA.


9. Reamers with a wider driver shaft increase risk of fat emboli during femoral reaming.





E Pneumonia




1. Aspiration pneumonia can occur in the following scenarios:




[image: image] In patients with decreased mentation


[image: image] With supine positioning


[image: image] With decreased gastrointestinal motility





2. Simple measures can be preventive.




[image: image] Raising the head of the bed


[image: image] Using antacids


[image: image] Taking metoclopramide (Reglan)





3. Treatment




[image: image] Appropriate intravenous antibiotics


[image: image] Pulmonary toilet








F Pulmonary complications of orthopaedic disorders




1. Severe scoliosis can cause pulmonary dysfunction.


2. Spontaneous pneumothorax is common in Marfan’s syndrome.








II OTHER MEDICAL (NONPULMONARY) PROBLEMS




A Nutrition




1. Adequate nutrition should be ensured before elective surgery.




[image: image] Malnutrition may be present in 50% of patients on a surgical ward.





2. Several indicators exist:




[image: image] Anergy panels


[image: image] Albumin levels


[image: image] Transferrin level


[image: image] Measurement of arm muscle circumference is the best indicator of nutritional status.





3. Complications of poor nutrition include the following:




[image: image] Wound dehiscence and infection


[image: image] Pneumonia


[image: image] Sepsis





4. Lack of enteral feeding can lead to atrophy of the intestinal mucosae.




[image: image] Leading in turn to bacterial translocation





5. Stress elevates nutritional requirements.


6. Provide full enteral or parenteral nutrition (nitrogen, 200 mg/kg/day) for patients who cannot tolerate normal intake.




[image: image] Early elemental feeding through a jejunostomy tube can decrease complications in patients with multiple trauma.


[image: image] Enteral protein supplements have proved effective in patients at risk of developing multiple organ system failure.





7. Starvation and stress produce metabolic changes (Table 1-47).




Table 1-47


Metabolic Changes of Starvation and Stress


[image: image]


↓, decreased; ↑, increased; ++, positive; CHO, carbohydrate; KB, ketone bodies.


Adapted from Simon SR, editor: Orthopaedic basic science, Rosemont, Ill, 1994, American Academy of Orthopaedic Surgeons, p 510.








B Myocardial infarction




1. Classical presentation: radiating, acute chest pain and ECG changes




[image: image] Monitoring warranted in an appropriate critical care environment


[image: image] Cardiac enzymes and ECG monitoring needed on a continuing basis





2. Risk factors:




[image: image] Increased age


[image: image] Smoking


[image: image] Elevated cholesterol


[image: image] Hypertension


[image: image] Aortic stenosis


[image: image] History of coronary artery disease








C Gastrointestinal complications




1. Range from ileus to upper gastrointestinal bleeding




[image: image] Postoperative ileus common in diabetic patients with neuropathy


[image: image] Risk approximately 1% after TJA





2. Upper gastrointestinal bleeding more likely in patients with a history of ulcers, NSAID use, and smoking




[image: image] Treatment: lavage, antacids, and H2-blockers


[image: image] Vasopressin (left gastric artery) for more serious cases





3. Ogilvie’s syndrome, which includes cecal distension: can follow total joint replacement surgery




[image: image] If cecum appears larger than 10 cm on an abdominal flat-plate radiograph, it must be decompressed (usually colonoscopically).








D Decubitus ulcers




1. Associated with the following:




[image: image] Advanced age


[image: image] Critical illness


[image: image] Neurologic impairment





2. Common sites: sacrum, heels, and buttocks


3. May be a source of infection and increased morbidity


4. Prevention is essential.




[image: image] Frequent changing of position


[image: image] Special mattresses


[image: image] Treatment of systemic illness and malnutrition





5. Once ulcers established, débridement and sometimes soft tissue flaps necessary





E Urinary tract infection (UTI)




1. UTIs are the most common nosocomial infection (6% to 8%).


2. They increase risk for joint sepsis after TJA.


3. Established UTIs should be treated preoperatively.


4. Perioperative catheterization (removed 24 hours postoperatively) may reduce the rate of postoperative UTI.





F Prostatic hypertrophy




1. Causes postoperative urinary retention


2. Urologic referral preoperatively for the following reasons:




[image: image] Suggestive findings of history and physical examination (prostate)


[image: image] Urine flow studies: less than 17 mL/second peak flow rate








G Acute tubular necrosis




1. Can cause renal failure in patients who have sustained trauma


2. Alkalization of urine important during early treatment of this disorder





H Genitourinary injury




1. NSAIDs can affect the kidney.




[image: image] Appropriate screening laboratory studies required at regular intervals





2. Retrograde urethrography best evaluates lower genitourinary injuries with displaced anterior pelvic fractures.





I Shock




1. Capillary blood flow insufficient to perfuse vital tissues and organs


2. Hypovolemic shock (“volume loss”)




[image: image] Decreased cardiac output


[image: image] Increased peripheral vascular resistance


[image: image] Venous constriction


[image: image] Tachycardia: most reliable early clinical finding




[image: image] Drop in systolic blood pressure is a late finding.








3. Cardiogenic shock (“ineffective pumping”)




[image: image] Decreased cardiac output


[image: image] Increased peripheral vascular resistance


[image: image] Venous dilation





4. Vasogenic shock (pulmonary embolism or pericardial tamponade)




[image: image] Arteriolar constriction


[image: image] Venous dilation





5. Neurogenic shock/septic shock (“blood pooling”)




[image: image] Arteriolar, capillary, and venous dilation








J Frostbite




1. Superficial




[image: image] Treatment consists of the following:




[image: image] General rewarming of the entire body


[image: image] Immersion of the hands or feet in a warm-water bath (104° F [40° C]) for 15 to 30 minutes





[image: image] Splinting, tetanus prophylaxis, analgesics, and antibiotics may be indicated.


[image: image] Severe swelling may occur upon rewarming.




[image: image] Monitor for compartment syndromes.








2. Deep




[image: image] Débridement is often necessary.








K Wound healing




1. Adequate healing after surgery is promoted by the following:




[image: image] Transcutaneous oxygen tension higher than 30 mm Hg


[image: image] Ischemic index (such as the ankle-brachial systolic index) of 0.45 or higher


[image: image] Albumin level higher than 30 g/dL


[image: image] Total lymphocyte count of 1500/mm3








L Anemia




1. Physiologic effects




[image: image] Increased heart rate


[image: image] Increased cardiac output


[image: image] Increased coronary blood flow demand


[image: image] Decreased peripheral resistance


[image: image] Decreased blood viscosity











III INTRAOPERATIVE CONSIDERATIONS




A Anesthesia




1. Benefits




[image: image] Regional anesthesia (disagreement in the literature):




[image: image] May allow quicker recovery


[image: image] May decrease blood loss


[image: image] May produce fewer postoperative complications




[image: image] Including a lower incidence of DVT/pulmonary embolism in THA








[image: image] Controlled hypotension during surgery:




[image: image] Helps with blood loss


[image: image] Widely accepted, especially with THA and spinal arthrodesis


[image: image] Nitroprusside, nitroglycerine, and isoflurane all effective





[image: image] Fiber-optic bronchoscope: beneficial during surgery for patients with RA and others with cervical spine abnormalities


[image: image] Local anesthetics for arthroscopy: also popular





2. Malignant hyperthermia




[image: image] An autosomal dominant, hypermetabolic disorder of skeletal muscle


[image: image] Can be triggered by various anesthetics in susceptible patients




[image: image] Especially halothane and succinylcholine


[image: image] Risk increased in Duchenne’s muscular dystrophy, arthrogryposis, and osteogenesis imperfecta





[image: image] Involves impaired function of the sarcoplasmic reticulum and calcium homeostasis




[image: image] Calcium transport affected by cell membrane defects


[image: image] Leads to muscle rigidity and hypermetabolism





[image: image] Signs




[image: image] First signs: increased end-tidal CO2 and tachycardia


[image: image] Masseter muscle spasm: often the first sign in children


[image: image] Increased temperature


[image: image] Rigidity


[image: image] Acidosis





[image: image] Treatment:




[image: image] Early diagnosis


[image: image] Dantrolene sodium




[image: image] Blocks calcium release by stabilizing the sarcoplasmic reticulum


[image: image] Allows uptake of calcium


[image: image] Decreases the intracellular concentration of calcium





[image: image] Balancing of electrolytes


[image: image] Increasing urinary output


[image: image] Respiratory support


[image: image] Cooling





[image: image] Muscle biopsy: the most accurate method for diagnosis




[image: image] In vitro muscle fiber testing











B Spinal cord monitoring




1. Usually involves testing the posterior column




[image: image] The usefulness of monitoring other areas is under investigation.





2. Electrical monitoring




[image: image] Somatosensory cortical evoked potentials (SCEPs)


[image: image] Record summed input from stimulation of peripheral areas


[image: image] Somatosensory spinal evoked potentials (SSEPs): more invasive but also more sensitive


[image: image] Comparison of preoperative recordings (especially latency and amplitude) with readings at critical times during the procedure





3. The (Stagnara) wake-up test: the standard for monitoring




[image: image] Lighten anesthesia.


[image: image] Ask the patient to move selected extremities.








C Tourniquet




1. Can injure the underlying nerves and muscles




[image: image] Electromyographic abnormalities in up to 70% of patients after routine surgery





2. Prevention




[image: image] Careful application


[image: image] Wide cuffs


[image: image] Lower pressures




[image: image] 200 mm Hg in the upper extremity


[image: image] 250 mm Hg in the lower extremity


[image: image] Otherwise, 100 to 150 mm Hg above systolic blood pressure in the lower extremity





[image: image] Double cuffs





3. Equilibrium reestablished within 5 minutes after 90 minutes of tourniquet use




[image: image] Requires 15 minutes after 3 hours of tourniquet use











IV OTHER PERIOPERATIVE PROBLEMS




A Pain control




1. Acute pain: implies potential tissue damage; chronic pain (3 to 6 months) does not


2. Noxious stimuli transduced by nociceptors




[image: image] Transmission along peripheral nerves




[image: image] Types A and C fibers





[image: image] To dorsal column, spinothalamic tract, thalamus


[image: image] Transmission modulated by brainstem centers and endogenous opiates





3. Postoperative pain control: can be targeted at any step




[image: image] Local prostaglandin inhibitors and long-acting local anesthetics target transduction of pain.


[image: image] Perispinal opiates affect modulation.


[image: image] Systemic opiates affect perception and modulation.





4. Local anesthetics




[image: image] These agents cause transient, reversible loss of sensation in a confined area.


[image: image] Local anesthetics interfere with nerve conduction (with the rate of rise of the depolarization phase of the action potential).




[image: image] Cells fail to depolarize enough to fire after excitation.





[image: image] Examples of such anesthetics are as follows:




[image: image] Amides




[image: image] Lidocaine (Xylocaine)


[image: image] Bupivacaine (Marcaine)





[image: image] Esters of p-aminobenzoic acid




[image: image] Procaine (Novocain)


[image: image] Butethamine (Monocaine)





[image: image] Esters of meta-aminobenzoic acid




[image: image] Cyclomethycaine (Surfacaine)


[image: image] Metabutoxycaine (Primacaine)





[image: image] Esters of benzoic acid




[image: image] Cocaine


[image: image] Ethyl aminobenzoate (Benzocaine)











5. NSAIDs




[image: image] Anti-inflammatory, antipyretic, analgesic, and antiplatelet effects




[image: image] Inhibit synthesis and release of prostaglandins


[image: image] Inhibit cyclooxygenase




[image: image] Cyclooxygenase catalyzes synthesis of cyclic endoperoxides.


[image: image] It is involved in forming prostaglandins from arachidonic acid.








[image: image] Acetaminophen




[image: image] Does not affect cyclooxygenase activity


[image: image] An antipyretic analgesic


[image: image] Inhibits an IL-1β–dependent translocation, which inhibits prostaglandin synthesis





[image: image] Cyclooxygenase inhibitors:




[image: image] Two isoforms of cyclooxygenase:




[image: image] COX-1


[image: image] COX-2





[image: image] In general, NSAIDs are drugs that inhibit both COX-1 and COX-2




[image: image] Salicylates (e.g., aspirin)


[image: image] Salicylate-like anti-inflammatory agents (e.g., ibuprofen)


[image: image] Analgesic combinations and mixtures (e.g., codeine plus aspirin)





[image: image] Example mechanisms by which NSAIDs inhibit cyclooxygenase:




[image: image] Aspirin




   [image: image] Binds with a serine residue of cyclooxygenase


   [image: image] Irreversible steric hindrance of the active site





[image: image] Ibuprofen




   [image: image] A reversible competitive cyclooxygenase inhibitor





[image: image] Indomethacin




   [image: image] Acts at the lipoxygenase side of the arachidonic metabolism pathway


   [image: image] Inhibits leukotriene inflammatory mediators











[image: image] Side effects:




[image: image] Renal dysfunction


[image: image] Gastrointestinal complications




[image: image] Pain, dyspepsia


[image: image] Peptic ulcer, perforation, bleeding, obstruction




   [image: image] Each year, these serious side effects occur in 2% to 4% of chronic users.


   [image: image] Concurrent anticoagulant use is the most important risk factor, followed by age of more than 60 and a history of previous gastrointestinal disease.











[image: image] COX-2–specific inhibitors:




[image: image] Benefits




[image: image] Do not inhibit functions of COX-1




   [image: image] Maintain gastric mucosa


   [image: image] Regulate renal blood flow


   [image: image] Influence platelet aggregation





[image: image] Can be used perioperatively




   [image: image] No effect on platelet function








[image: image] Label warning:




[image: image] As of 2010, celecoxib (Celebrex) was the only COX-2 inhibitor available in the United States.


[image: image] The package carries a label warning about increased risk of cardiovascular events.





[image: image] Cyclooxygenase inhibitors: may delay or inhibit fracture healing




[image: image] COX-2–specific inhibitors to a lesser extent











6. Substance P




[image: image] Neuropeptide


[image: image] Functions as a sensory neurotransmitter in CNS




[image: image] Pain perception








7. Capsaicin




[image: image] Pepper cream, obtained from red pepper


[image: image] Believed to deplete neuropeptides in unmyelinated C fibers




[image: image] Also depletes substance P from the spinal cord





[image: image] Elevates threshold for painful stimuli








B Transfusion




1. Transfusion reactions




[image: image] Allergic reaction




[image: image] Most common transfusion reaction




[image: image] One per 150,000 transfusions





[image: image] Occurs toward end of transfusion




[image: image] Usually subsides spontaneously





[image: image] Symptoms:




[image: image] Chills


[image: image] Pruritus


[image: image] Erythema


[image: image] Urticaria





[image: image] Pretreatment:




[image: image] Diphenhydramine (Benadryl) and hydrocortisone


[image: image] May be appropriate in patients with a history of allergic reactions








[image: image] Febrile reaction




[image: image] Also common


[image: image] Occurs after initial transfusion of 100 to 300 mL of packed RBCs


[image: image] Chills and fever




[image: image] Caused by antibodies to foreign WBCs





[image: image] Treatment:




[image: image] Stop transfusion.


[image: image] Administer antipyretics, as for allergic reaction.








[image: image] Hemolytic reaction




[image: image] Less common but most serious


[image: image] Occurs early in transfusion


[image: image] Symptoms:




[image: image] Chills


[image: image] Fever


[image: image] Tachycardia


[image: image] Sensation of tightness in chest


[image: image] Flank pain





[image: image] Treatment:




[image: image] Stop transfusion.


[image: image] Administer intravenous fluids.


[image: image] Conduct appropriate laboratory studies.


[image: image] Monitor in intensive care unit.











2. Transfusion risks




[image: image] Clerical error leading to transfusion reaction (hemolysis)




[image: image] Occurs in 1 per 12,000 to 50,000 transfusions


[image: image] Most common transfusion adverse event





[image: image] Hepatitis C virus




[image: image] Transmitted to 1 per 103,000 per unit transfused





[image: image] Hepatitis B virus




[image: image] Transmitted to 1 per 205,000 per unit transfused





[image: image] Cytomegalovirus




[image: image] Highest incidence; more than 70% of donors are seropositive


[image: image] Not clinically important





[image: image] Human T cell lymphotropic virus




[image: image] Transmitted to 1 per 2,993,000 per unit transfused





[image: image] HIV




[image: image] Transmitted to 1 per 500,000 per unit transfused





[image: image] Donor deferral for persons at high risk and more effective screening methods are helping manage these risks





3. Alternatives to homologous (blood bank) blood transfusion (Table 1-48)




Table 1-48


Alternatives to Homologous (Blood Bank) Blood Transfusion






	Type

	Procedure

	Notes






	Autologous deposition

	Requires a hemoglobin level of ≈11 (and a hematocrit level of 33%) and some lead time
Iron supplementation during donation is routine

	Allows storage of several units of blood before elective procedures in which significant blood loss is anticipated
Significant cardiac disease, such as unstable angina, is a contraindication
About 20% of patients who have undergone THA and donate 2 units of autologous blood require a homologous (from another donor) blood transfusion
Significantly reduces hepatitis C risk
Autologous blood that is seropositive for hepatitis can be reinfused, but warning labels and special handling and storage are required
Autologous donation is not recommended unless the risk with transfusion is greater than 10%







	“Cell saver”

	Intraoperative autotransfusion

	Usually requires 400 mL of blood loss to recover 1 unit (250 mL)
Can be used for only 4 hours at one time






	Autotransfusion

	Allows postoperative drain recuperation and use

	Reinfusion should begin within 6 hours of the beginning of collection to reduce febrile reaction risk






	Acute preoperative normovolemic hemodilution

	Immediate preoperative storage of autologous blood for intraoperative or postoperative use

	Replace withdrawn autologous blood with crystalloid






	Pharmacologic intervention

	Desmopressin (antidiuretic hormone analog that increases levels of plasma factor VIII)
Recombinant erythropoietin (stimulates erythrogenesis)
Synthetic erythrocyte substitutes

	 






	Judicious use of blood products

	Platelet transfusion is used for massive bleeding or coagulopathies
Fresh-frozen plasma is reserved for patients with massive bleeding and significantly abnormal results of coagulation tests
Cryoprecipitate is used for hemophilia (less exposure than factor concentrates) and as a source of fibrinogen for consumptive coagulopathies

	Platelet transfusion is based on clinical parameters rather than set platelet thresholds







THA, total hip arthroplasty.








C Herbal medicines in the perioperative period




1. Garlic, ginkgo biloba, and ginseng: increase risk of bleeding




[image: image] Mnemonic: all “Gs”


[image: image] Ginseng also decreases anticoagulant activity of warfarin and may cause hypoglycemia





2. Ephedra: cardiovascular instability


3. Kava and valerian: potentiation of anesthetics
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Inheritance Pattern Description Punnett Square(s)

‘Autosomal dominant* Autosomal dominant disorders typically represent structural defects. A a
The disorder Is manifested In the heterozygous state (Aa).
Of offspring, 50% are affected (assuming that only one parent is a Aa | a
affected). A
Normal offspring do not transmit the condition.
There fs no gender preference.
Autosomal recessive' Autosomal recessive disorders typically represent biochemical or A N
enzymatic defects.
The disorder is manifested in the homozygoous state (2a). Alm [ m
Parents are unaffected (they are most commonly heterozygotes).
O offspring, 25% are affected (assuming that each parent is a al m | a
heterozygote).
There is no gender preference.
Xdinked dominant! Xdlinked dominant disorders are manifested in the heterozygous x Y
state (XX or XY). i e .
Affected female (mating with unafected mae) x| xx | xv
transmits the X-linked gene to 50% of daughters
and 50% of sons. XL | x
Affected male (mating with unaffected femae) x Y
transmits the X-inked gene to all daughters >
and no sons. x| xx | ox
x| xx | xv
Xdinked recessive® Heterozygote (X'Y) male manifests the condition. x Y
Heterozydote (X'X) female Is unaffected. X[ xx | xv
Affected male (mating with unaffected female)
transmits the X-linked gene to all daughters x| xx | xv
(Who are carriers) and no sons.
Carrier female (mating with unaffected male) X Y
‘transmits the X-linked gene to 50% of daughters x[ xx | xv
(Who are carriers) and 50% of sons (who are affected).
NI
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Pseudohypoparathyroidism

Renal osteodystrophy
(high-tunover bone
disease resulting from
renal disease [secondary
hyperparathyroidismi)

Renal osteodystrophy
(low-turnover bone
disease due to renal
disease [aluminum
toxicity)

Nutritional rickets: vitamin

D deficiency

Nutritional rickets: calcium
deficiency

1 T

lor M1
none

Tor  None
none or T

lor L
none

lor L
none

None  None or T

1 e

1 None or
mildly
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Hypocalcemic findings

Findings of secondary
hyperparathyroidis
“Tugger jersey” spine

Ostets fibrosa

Amyloidosis

“Rugger jersey” spine

Ostets fibrosa

Amyloidosis

Osteomalacia may be
observed

Osteomalacia, hypotonia
Muscle weakness, tetany
Bowing deformities of

the iong bones
Rachitic rosary

Tornone | Clinical findings similar
‘o those for vitamin D

deficlency

Calcium and vitamin D
supplementation

1. Correct underlying
renal abnormality

2. Maintain normal
serum phosphorous
and calcium

3. Dietary phosphate
restriction

4. Phosphate-binding
antacid (calcium
carbonate)

5. Administration of
the active form
of vitamin D:
1,25(0H); vitamin D
(Galcitriol)

Treat the urinary
obstruction or
Kidney disease

Oral vitamin D
(15005000 1U/day)

Oral calcium (700 mg/
day)

PTH has no effect on the target
cells (in the kidney, bone, and
intestine) because of a PTH
receptor abnormality

Leads to a L In the active form of
vitamin D

Therefore, serum calclum levels
are | as result of (1) lack of
effect of PTH on bone and (2)
L levels of 1,25(0H)vitamin D

1 Renal phosphorus excretion
Ieads 1o hyperphosphatemia

Phosphorus retention leads to |
serum caldum and 11 PTH
(Wwhich can lead to secondary
hyperparathyroldism)

Elevated BUN and creatinine
Tevels

Assoclated with long-term
hemodialysis

PTH levels may be suppressed
because of (1) frequent
episodes of hypercalcemia and
(@) direct Inhibitory effect of
aluminum on PTH

No secondary
hyperparathyroidism Is present

Elevated BUN and creatinine
Tevels

Assoclated with long-term
hemodialysis

With L vitamin D intake,
intestinal calclum and
phosphate absorption
is reduced, leading to
hypocalcemia

1 Serum calcum stimulates
1 PTH (secondary
hyperparathyroidism), which
Ieads to bone resorption and T
serum caldum (toward or to
normal levels)

Sources of vitamin D Include
sunlight, fish-iver foods, and
fortified milk

Hypocalcemia leads to secondary
nyperparathyroidism. 1 PTH
Ieads to enhanced renal
conversion of 25(0H)vitamin D
10 1,25(0H), vitamin D

Continued
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CellType  Receptor
Osteoblast  PTH

1,2500H),
vitamin D,

Glucocorticoids

Prostaglandins

Estrogen

Osteoclast  Calcitonin

Effect

Releases a secondary
messenger (exact
mechanism unknown)
to stimulate osteodastic
activity

Activates adenylyl cyclase

Stimulates matrix and
alkaline phosphatase
synthesis and
production of bone-
specific proteins (such as
osteocalcin)

Inhibits DNA synthesis,
collagen production,
and osteoblast protein
synthesis

Activates adenylyl cyclase
and stimulates bone
resorption

Has anabolic (bone
production) and
anticatabolic (prevents
bone resorption)
properties

Increases mRNA levels for
alkaline phosphatase

Inhibits activation of
adenylyl cyclase

Inhibits osteoclast
function (inhibits bone
resorption)
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Frequency (%) In  Frequency (%) In  Relative

Disease HLA Marker Patients (Whites)  Controls (Whites)  Risk
Ankylosing spondylitis B27 %0 9 87
Reiter's syndrome 827 79 9 37
Psoriatic arthritis 827 48 9 10
Inflammatory bowel disease 827 52 9 10
with spondylitis
Adult rheumatold arthritis DR4 70 30 6
Polyarticular juvenile DR4 75 30 7
theumatoid arthritis
Paudiarticular juvenile DR 30 5 5
theumatold arthritis
DRS. 50 20 a5
DR2.1 55 20 )
Systemic lupus erythematosus DR2 46 2 35
DR3 50 2 3

sjogren's syndrome DR3 70 2 6
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Disorder
Van Neck's disease

Legg-Calve-Perthes

disease
Osgood-Schiatter

disease
sinding-Larsen-

Johansson syndrome
Blounts disease

(in infants)
Blounts disease

(in adolescents)
Sever's disease
Kohler's disease
Freibergs infarction
Scheuermann’s disease
Panners disease
‘Thiemann's disease
Kienbock's disease

Site.

Ischiopubic
synchondrosis

Femoral head

Tiblal tuberosity
Inferior patella

Proximal tibial
epiphysis

Proximal tibial
epiphysis

Calcaneus

Tarsal navicular

Metatarsal head

Discovertebral junction

Capitellum of humerus

Phalanges of hand

Carpal lunate

911
37
1318
1317
510
11-19
2040
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Type of Matrix

Organic Matrix
Collagen

Proteoglycans

Matrix proteins
(noncollagenous)

Growth factors and
cytokines

Inorganic Matrix

Caldum
hydroxyapatite
[Cano(POJ(OH):]

Osteocalcium
phosphate
(brushite)

Function

Provides tensile
strength

Partly responsible
for compressive
strength

Promote
mineralization and
bone formation

Ald in bone cell
differentiation,
activation, growth,
and turnover

Provides compressive
strength

Composition

Primarily type |
collagen

Glycosaminoglycan-
protein
complexes

Osteocalcin (bone
carbowyglutamic
acid—containing
proteir)

Osteonectin (SPARC)

Osteopontin

TGFp
IGF

L1, L6
BMPs

Notes

Constitutes 90% of organic matrix

Structure: triple helix of one a, and
WO oy chains, quarter-staggered
10 produce a ibril

Inhibit mineralization

Attracts osteoclasts; direct
regulation of bone density; most
abundant noncollagenous matrix
protein (10%-20% of total)

Secreted by platelets and
osteoblasts; postulated to have
Tole In regulating calclum or
organizing mineral In matrix

Cellbinding protein, similar to an
integrin

Present in small amounts In bone
matrix

Most of the inorganic matrix;
primary mineralization In collagen
gaps (holes and pores), secondary.
mineralization on periphery.

Makes up the remaining inorganic
matrix
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Agent Site of Action Mechanism
Nondepolarizing drugs  Neuromuscular  Competitively binds to
(curare, pancuronium,  junction acetyicholine receptor o block

vecuronium)

impulse transmission
Depolarizing drugs

Neuromuscular  Binds to acetylcholine receptor to

(succinyicholine) Junction ‘cause temporary depolarization
of muscle membrane
Anticholinesterases Autonomic Prevents breakdown of
(neostigmine, ganglia acetylcholine to enhance its

edrophonium) effect

Effect
Paralytic agent (long-term)

Paralytic agent (short-term)

Reverses effect of nondepolarizing drugs;
muscarinic effects (bronchospasm,
bronchorrhea, bradycardia)
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Type of
Ossification Mechanism
Enchondral Bone replaces a
artilage model
Intramembranous Aggregates of

undifferentiated
mesenchymal
cells differentiate
into osteoblasts,
which form bone

Appositional Osteoblasts lay.
down new bone
on existing bone

Examples of Normal
Mechanlsms

Embryonic formation of long
bones

Longitudinal growth (physis)

Fracture callus

Bone formed with the use of
demineralized bone matrix

Embryonic flat bone formation

Bone formation during
distraction osteogenesis

Blastema bone

Periosteal bone enlargement
(width)

‘The bone formation phase of
bone remodeling

Examples of Diseases with

Abnormal Ossification
Achondroplasia

Cleldocranial dysostosis

Paget’s disease
Infantile hyperostosis
(Caffeys disease)

Melorheostosls
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Type of
Muscle
Coniraction

Isotonic

Isometric

Isokinetic

Definition

Muscle tension Is constant
throughout the ROM. Muscle
length changes throughout the
ROM. This Is a measure of
dynamic strength.

Musde tension s generated, but
the muscle length remains
unchanged. This Is a measure of
static strength.

Musde tension s generated as the
musdle maximally contracts at a

constant velodity over a full ROM.

Isokinetic exercises are best for
maximizing strength and are a
measure of dynamic strength.

Biceps curls with free  Concentric contraction: The muscle shortens
weights during the contraction. Tension within the
muscle Is proportional to the externally applied
10ad. An example of an Isotonic concentric
contraction i the “curl” (elbow moving toward
increasing flexion) portion of a biceps curl.

Eccentric contraction: The muscle lengthens
during the contraction (internal force s less
than external force).

Eccentric contractions are the most effident way
to strengthen muscle but have the greatest
potential or high muscle tension and muscle
injury. An example of an Isotonic eccentric
contraction Is “the negative” (elbow moving
toward Increasing extension) portion of
biceps curl.

Pushing against an
immovable object
(such as a wall)

Isokinetic exercises Concentric contraction
require special Eccentric contraction
equipment, such as a
Cybex machine.
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Sterility (in open fractures)
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Local pathologic conditions
Level of energy imparted
Type of bone affected
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TYPES

Characteristic Typel Type 1A Type 1B
Other names Red, slow-twitch White, fast-twitch Fast glycolytic
Slow oxidative Fast oxidative
glycolytic
Speed of contraction Slow. Fast Fast
Strength of Low High High
contraction
Fatigability Fatigue-resistant Fatigable Most
fatigable

Aerobic capacity High Medium Low
Anaerobic capacity Low Medium High
Motor unit size small Larger Largest

Capillary density High High Low
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Type of Stabllization
Cast (closed treatment)

Compression plate

Intramedullary nail

External fixator

Inadequate
immobilization with
adequate blood supply

Inadequate
immobilization

‘without adequate
blood supply’

Inadequate reduction
with displacement at
the fracture site

Predominant Type
of Healing

Periosteal bridging callus
and Interfragmentary
enchondral ossification

Primary cortical healing
(cutting cone-type or
Haversian remodeling)

Early: perlosteal bridging
callus; enchonaral
ossification

Late: medullary callus and
intramembranous
ossification

Dependent on extent
of rigidity:

Less rigid: perfosteal
bridging callus;
enchondral ossification

More rigid: primary
cortical healing;
intramembranous
ossification

Hypertrophic nonunion
(failea enchondral
ossifcation); type Il
collagen predominates

‘Atrophic nonunion

Oligotrophic nonunion
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Fiber

Receptor Type Type  Quallty

Nodiceptors

Mechanical A5 Sharp, pricking pain

Thermal and Ay sharp, pricking pain

mechanothermal

Thermal and 4 Slow, burning pain

mechanothermal

Polymodal 4 Slow, burning pain

Cutaneous and Subcutaneous Mechanoreceptors

Melssner's corpuscle A Touch

Padini’s corpuscle AP Flutter

Ruffini’s corpuscle A Vibration

Merkel's receptor AP Steadyskin
indentation

Hair-guard, tylotrich hair Ap Steadyskin
indentation

Hair down AP Flutter

Muscle and Skeletal Mechanoreceptors

Muscle spinde, primary Aa Limb proprioception

Muscle spindle, secondary ~ AB  Limb proprioception

Golgi tendon organ Aa Limb proprioception

Joint capsule Ap Limb proprioception

mechanoreceptor
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Type Affected Tissues.

Cellulits, Superficial, subcutaneous
erysipelas

Necrotizing Musdle fascia
fascitis

Gas gangrene  Muscle; commonly in
grossly contaminated,
traumatic wounds,
particularly those that
are closed primarily

Clinical Findings

Erythema; tendemess;
warmth;
lymphangitis;
lymphadenopathy

Aggressive, life-
threatening; may be
assoclated with an
underlying vascular
disease (particularly
diabetes)

Commonly occurs after
surgery, trauma, or
streptococcal skin
infection

Progressive, severe
pain; edema (distant
from the wound):
foulsmelling,
serosanguineous
discharge: high
fever; chill;
tachycardia;
confusion

Clinical findings
consistent with
toxemia

Radiographs typically
show widespread
gas In the soft
tssues (fadiltates
rapid spread of the
infection)

Organisms

Group A streptococcl
(most common)

Staphylococcus aureus
(less common)

Four types:

1) Groups A, C, and G
streptococd

2) Clostridia

3) Polymicroblal (aerobic
plus anaeroblc)

4) Methicilin-resistant 5.
aureus (MRSA)

Classically caused by
Clostridium perfringens,
Clostridium septicum,
or other histotoxic
Clostridium species

These gram-positive,
anaerobic, spore-
forming rods produce
exotoxins that cause
necrosis of fat and
muscle and thrombosis
of local vessels

Treatment

Initial antiblotic treatment:
penidllin G or peniclinase-
Tesistant synthetic penilins
(nafcillin or oxacilin)

Alternative theraples:
erythromycin, irst-
generation cephalosporins,
amoxdllin/davulanate,
azithromydin,
dlarithromydn, tigecyclne,
or daptomydn

Necessitates extensive
emergency surgical
deébridement (involving
the entire length of the
overlying celulits) and
Intravenous antibiotics

Initial antiblotic treatments:
peniillin G for
streptococcal or clostridial
infection; imipenem,
doripenem, or meropenem
for polymicroblal Infections

‘Add vancomycin or
daptomycin If MRSA
suspected

Primary treatment: surgical
(radical) débridement with
fasclotomies

Hyperbaric oxygen may be a
useful adjuvant therapy,
although s effectiveness
remains inconclusive

Initial antiblotic treatment:
clindamycin plus penicilin G

Alternative therapies Include
ceftriaxone or erythromycin
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Disorder

Dysplasias
Achondroplasia

Diastrophic dysplasia

Kniest dysplasia

Laron's dysplasia (pituitary
dwarfism)

McCune-Albright syndrome
(polyostotic flbrous
dysplasia, café-au-lait spots,
precocious puberty)

Metaphyseal chondrodysplasia
(Jansen form)

Metaphyseal chondrodysplasia
(McKusick form)

Metaphyseal chondrodysplasia
(Schmid-tarda form)

Inheritance Pattern

Autosomal dominant

Autosomal recessive

Autosomal dominant
Autosomal recessive

Sporadic mutation

Autosomal dominant
Autosomal recessive

Autosomal dominant

Defect

Defect In the fibroblast
growth factor (FGF)
receptor 3

Mutation of a gene coding
for a sulfate transport
protein

Defect In type I collagen

Defect In the growth
hormone receptor

Germline defect In the Gsa
protein

Defect in type X collagen

Associated Gene

FGF3R

DTDST

coL 2a1

Mutation of Gsa
subunit of the
receptor/adenylyl
cydlase-coupling G
proteins

PTH; PTH-related
protein

RMRP.

coL 10A1
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surgical wound Varies S. aureus groups A, B, C, Initial antibiotic treatment:

infection and G streptococci trimethoprim-
Other organism may be sulfamethoxazole or
involved clindamycin

MRSA species are best
treated with vancomycin
(altematives for MRSA
include daptomycin or
ceftobiprole).

Marine Injuries Varies History of fishing Marine Injurles Involve V. vulnificus Is best treated
(or other marine organisms that can With ceftazidime plus
activity) injury, with  cause indolent doxycyine; cefotaxime
signs of infection Infections and diprofioxacin are

Culture specimens  Vibrio vuinificus is the alternatives
at30° C (60° F); most likely organism M. marinum is best treated
organisms may take  In Infected wounds with clarithromycin,
several weeks to that were exposed to  minocydine, doxycycline,
grow on culture brackish water or trimethoprim/
media shellfish; can cause a sulfamethoxazole, or
devastating Infection rifampin plus ethambutol

Consider atypical
mycobacteria (e.g.
Mycobacterium
‘marinum) for injuries
with indolent, low-
grade infection
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Toxic shock
syndrome
(TS5):
staphylococcal

Toxic shock
syndrome
(TS5):
streptococcal

Toxemia, not septicemia

In orthopaedics, TS5
Is secondary fo
colonization of surgical
or traumatic wounds
(even after minor
trauma)

TS5 can be assoclated
‘with tampon use
through colonization
of the vagina with
toxin-producing S.
aureus

Toxemia, not a
septicemia

Commonly associated
with erysipelas or
necrotizing fascitis

Fever, hypotension,
an erythematous
macular rash with a
serous exudate
(gram-positive coccl
are present)

The infected wound
may look benign,
which may belle the
seriousness of the
underlying condition

similar to
staphylococcal TsS

(Caused by toxins Irrigation and débridement
produced by 5. aureus  and Intravenous antiblotics
With Intravenous Immune
globulin pius antibiotics
Initial antiblotic treatment:
penicllinase-resistant
penicilins (natcilin or
oxadilin), vancomycin if
MRSA
Alternative theraples
include first-generation
cephalosporins
Patients may also require
emergency fluid
resuscitation

Toxins from Group A, B, Initial antibiotic treatment:
€, or G Streptococcus clindamycin plus penicillin G
Ppyogenes Alternative theraples include

ceftriaxone or clindamycin

Intravenous immune globulin
may be used; associated
with decrease in organ
failure, but no effect on
all-cause mortality in
children

P
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MOTOR UNIT TYPES

Parameter FF
Muscie Unit Physiology*
Contraction time Fastest
sag Present
Maximum tension Largest
Fatigue Index <025
Muscie Unit Anatomy’*
Innervation ratio 29
Fiber cross-sectional 1.3
area
Specific tension 14
Muscie Unit Metabolism
Fiber type G
Myosin heavy chain 1B
Glycogen High
Hexokinase Low
Glycolytic enzymes High
Oxidative enzymes Low
Cytochrome ¢ Low
Capillary supply Sparse
Motoneuron
Cell body size Largest
Conduction velocity  Fastest

After-hyperpolarization ~ Shortest
duration

Input resistance Lowest

slightly
slower

Present
Smaller
<0.75-1.00

21
0.98

12

F0G
1A

High
Intermediate
High

High

High

Rich

slightly
smaller
slightly
slower
slightly
shorter
slightly
higher

Slowest

Absent
Smallest
07-1.0

1.0
1.0

1.0

s0
1

Low
High
Low
High
High
Very rich

Smallest
Slowest
Longest

Highest






OEBPS/images/B9781437720242000019_t0050.png
Growth Factor

Bone
morphogenetic
protein BMP)

Transforming
growth factor-§
(TGF-f)

insulin-iike
growth factor Il
(IGF-1)

Platelet-derived
growth factor
(PDGF)

Action

Osteoinductive; stimulates
bone formation

Induces metaplasia of
mesenchymal cells into
osteoblasts

Induces mesenchymal cells to
produce type I collagen and
proteoglycans

Induces osteoblasts to
synthesize collagen

stimulates type | collagen,
cellular proliferation,
cartilage matrix synthesis,
and bone formation

Atracts inflammatory cells
to the fracture site
(chemotactic)

Notes

Target cells of BMP are the undifferentiated
perivascular mesenchymal cells; signal
through serine-threonine kinase receptors

Intracellular molecules called SMAD serve
as signaling mediators for BMPs

Found in fracture hematomas; believed to
regulate cartilage and bone formation in
fracture callus; signal through serine/
threonine kinase receptors

Coating porous Implants with TGF-§.
enhances bone Ingrowth

signal through tyrosine kinase receptors

Released from platelets; signal through
tyrosine kinase receptors
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