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Preface




S. Brent Brotzman, MD and Robert C. Manske, PT, DPT, MEd, SCS, ATC, CSCS





Our goal in preparing the third edition of Clinical Orthopaedic Rehabilitation: An Evidence-Based Approach is to widen the scope of available information for the musculoskeletal practitioner. The greatly expanded material should prove relevant to physical therapists, orthopaedic surgeons, family practitioners, athletic trainers, chiropractors, and others who treat musculoskeletal disorders.


We have attempted to provide evidence-based literature covering sound examination techniques, classification systems, differential diagnoses, treatment options, and criteria-based rehabilitation protocols for common musculoskeletal problems. With this material, the clinician who suspects de Quervain tenosynovitis of the wrist, for example, may easily look up the appropriate examination, differential diagnosis, treatment options, and criteria-based rehabilitation protocol.


Although the literature describing orthopaedic surgery techniques and acute fracture care is sound and comprehensive, there has been a relative paucity of information concerning nonoperative and postoperative rehabilitative care. This void exists even though rehabilitative therapy often has as much or more of an impact as the initial surgery does on the long-term results. A technically superb surgery may be compromised by improper postoperative rehabilitative techniques, which may result in scar formation, stiffness, rupture of incompletely healed tissue, or loss of function.


We hope that the practitioner will find this text to be a definitive and literature-derived reference for performing precise examinations, formulating effective treatment plans, and achieving successful rehabilitation of orthopaedic injuries.
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Hand and Wrist Injuries


S. Brent Brotzman, MD










FLEXOR TENDON INJURIES


TRIGGER FINGER (STENOSING FLEXOR TENOSYNOVITIS)


FLEXOR DIGITORUM PROFUNDUS AVULSION (“JERSEY FINGER”)


EXTENSOR TENDON INJURIES


FRACTURES AND DISLOCATIONS OF THE HAND


FIFTH METACARPAL NECK FRACTURE (BOXER'S FRACTURE)


INJURIES TO THE ULNAR COLLATERAL LIGAMENT OF THE THUMB


METACARPOPHALANGEAL JOINT (GAMEKEEPER'S THUMB)


NERVE COMPRESSION SYNDROMES


WRIST DISORDERS


FRACTURE OF THE DISTAL RADIUS


TRIANGULAR FIBROCARTILAGE COMPLEX INJURY


DE QUERVAIN TENOSYNOVITIS OF THE WRIST


INTERSECTION SYNDROME OF THE WRIST


DORSAL AND VOLAR CARPAL GANGLION CYSTS
















Flexor Tendon Injuries


S. Brent Brotzman, MD








Important points for rehabilitation after flexor tendon laceration and repair







• The goal of the tendon repair is to coapt the severed ends without bunching or leaving a gap (Fig. 1-1).
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Figure 1-1 Author's technique of flexor tendon repair in zone II. A, Knife laceration through zone II with the digit in full flexion. The distal stumps retract distal to the skin incision with digital extension. B, Radial and ulnar extending incisions are used to allow wide exposure of the flexor tendon system. Note appearance of the flexor tendon system of the involved fingers after the reflection of skin flaps. The laceration occurred through the C1 cruciate area. Note the proximal and distal position of the flexor tendon stumps. Reflection of small flaps (“windows”) in the cruciate-synovial sheath allows the distal flexor tendon stumps to be delivered into the wound by passive flexion of the distal interphalangeal (DIP) joint. The profundus and the superficialis stumps are retrieved proximal to the wound by passive flexion of the DIP joint. The profundus and superficialis stumps are retrieved proximal to the sheath by the use of a small catheter or infant feeding gastrostomy tube. C, The proximal flexor tendon stumps are maintained at the repair site by means of a transversely placed small-gauge hypodermic needle, allowing repair of the FDS slips without extension. D, Completed repair of both FDS and FDP tendons is shown with the DIP joint in full flexion. Extension of the DIP joint delivers the repair under the intact distal flexor tendon sheath. Wound repair is done at the conclusion of the procedure.








• Repaired tendons subjected to appropriate early motion stress will increase in strength more rapidly and develop fewer adhesions than immobilized repairs.


• Flexor rehabilitation protocols must take into account the typical tensile stresses on normally repaired flexor tendon tendons (Bezuhly et al. 2007).




Passive motion: 500–750 g


Light grip: 1500–2250 g


Strong grip: 5000–7500 g


Tip pinch, index flexor digitorum profundus (FDP): 9000–13,500 g





• Initially rather strong, the flexor tendon repair strength decreases significantly between days 5 and 21 (Bezuhly et al. 2007).


• The tendon is weakest during this time period because of minimal tensile strength. Strength increases quickly when controlled stress is applied in proportion to increasing tensile strength. Stressed tendons heal faster, gain strength faster, and have fewer adhesions. Tensile strength generally begins gradually increasing at 3 weeks. Generally, blocking exercises are initiated 1 week after active range of motion (ROM) excursion (5 weeks postoperative) (Baskies 2008).


• The A2 and A4 pulleys are the most important to the mechanical function of the finger. Loss of a substantial portion of either may diminish digital motion and power or lead to flexion contractures of the interphalangeal (IP) joints.


• The flexor digitorum superficialis (FDS) tendons lie on the palmar side of the FDP until they enter the A1 entrance of the digital sheath. The FDS then splits (at Champer's chiasma) and terminates into the proximal half of the middle phalanx.


• Flexor tendon excursion of as much as 9 cm is required to produce composite wrist and digital flexion. Excursion of only 2.5 cm is required for full digital flexion when the wrist is stabilized in the neutral position.


• Tendons in the hand have both intrinsic and extrinsic capabilities for healing.


• Factors that influence the formation of excursion-restricting adhesions around repaired flexor tendons include the following:




Amount of initial trauma to the tendon and its sheath


Tendon ischemia


Tendon immobilization


Gapping at the repair site


Disruption of the vincula (blood supply), which decreases the recovery of the tendon (Fig. 1-2)
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Figure 1-2 Blood supply to the flexor tendons within the digital sheath. The segmental vascular supply to the flexor tendons is by means of the long and short vincular connections. The vinculum brevis superficialis (VBS) and the vinculum brevis profundus (VBP) consist of small triangular mesenteries near the insertion of the FDS and FDP tendons, respectively. The vinculum longum to the superficialis tendon (VLS) arises from the floor of the digital sheath of the proximal phalanx. The vinculum longum to the profundus tendon (VLP) arises from the superficialis at the level of the proximal interphalangeal (PIP) joint. The cut-away view depicts the relative avascularity of the palmar side of the flexor tendons in zones I and II as compared with the richer blood supply on the dorsal side, which connects with the vincula.











• Delayed primary repair results (within the first 10 days) are equal to or better than immediate repair of the flexor tendon.


• Immediate (primary) repair is contraindicated in patients with any of the following:




Severe multiple tissue injuries to the fingers or palm


Wound contamination


Significant skin loss over the flexor tendons





















Rehabilitation rationale and basic principles of treatment after flexor tendon repair



Timing





The timing of flexor tendon repair influences the rehabilitation and outcome of flexor tendon injuries.




• Primary repair is done within the first 12 to 24 hours after injury.


• Delayed primary repair is done within the first 10 days after injury.





If primary repair is not done, delayed primary repair should be done as soon as there is evidence of wound healing without infection.




• Secondary repair is done 10 and 14 days after injury.


• Late secondary repair is done more than 4 weeks after injury.





After 4 weeks it is extremely difficult to deliver the flexor tendon through the digital sheath, which usually becomes extensively scarred. However, clinical situations in which the tendon repair is of secondary importance often make late repair necessary, especially for patients with massive crush injuries, inadequate soft tissue coverage, grossly contaminated or infected wounds, multiple fractures, or untreated injuries. If the sheath is not scarred or destroyed, single-stage tendon grafting, direct repair, or tendon transfer can be done. If extensive disturbance and scarring have occurred, two-stage tendon grafting with a silicone (Hunter) rod should be performed.


Before tendons can be secondarily repaired, these requirements must be met:




• Joints must be supple and have useful passive range of motion (PROM) (Boyes grade 1 or 2, Table 1-1). Restoration of PROM is aggressively obtained with rehabilitation before secondary repair is done.




Table 1-1


Boyes' Preoperative Classification








	Grade

	Preoperative Condition










	1

	Good: minimal scar with mobile joints and no trophic changes






	2

	Cicatrix: heavy skin scarring from injury or previous surgery; deep scarring from failed primary repair or infection






	3

	Joint damage: injury to the joint with restricted range of motion






	4

	Nerve damage: injury to the digital nerves resulting in trophic changes in the finger






	5

	Multiple damage: involvement of multiple fingers with a combination of the above problems












• Skin coverage must be adequate.


• The surrounding tissue in which the tendon is expected to glide must be relatively free of scar tissue.


• Wound erythema and swelling must be minimal or absent.


• Fractures must have been securely fixed or healed with adequate alignment.


• Sensation in the involved digit must be undamaged or restored, or it should be possible to repair damaged nerves at the time of tendon repair directly or with nerve grafts.


• The critical A2 and A4 pulleys must be present or have been reconstructed. Secondary repair is delayed until these are reconstructed. During reconstruction, Hunter (silicone) rods are useful to maintain the lumen of the tendon sheath while the grafted pulleys are healing.











Anatomy


The anatomic zone of injury of the flexor tendons influences the outcome and rehabilitation of these injuries. The hand is divided into five distinct flexor zones (Fig. 1-3):
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Figure 1-3 The flexor system has been divided into five zones or levels for the purpose of discussion and treatment. Zone II, which lies within the fibro-osseous sheath, has been called “no man's land” because it was once believed that primary repair should not be done in this zone.










• Zone 1—from the insertion of the profundus tendon at the distal phalanx to just distal to the insertion of the sublimus


• Zone 2—Bunnell's “no-man's land”: the critical area of pulleys between the insertion of the sublimus and the distal palmar crease


• Zone 3—“area of lumbrical origin”: from the beginning of the pulleys (A1) to the distal margin of the transverse carpal ligament


• Zone 4—area covered by the transverse carpal ligament


• Zone 5—area proximal to the transverse carpal ligament





As a rule, repairs to tendons injured outside the flexor sheath have much better results than repairs to tendons injured inside the sheath (zone 2).


It is essential that the A2 and A4 pulleys (Fig. 1-4) be preserved to prevent bowstringing. In the thumb, the A1 and oblique pulleys are the most important. The thumb lacks vincula for blood supply.
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Figure 1-4 The fibrous retinacular sheath starts at the neck of the metacarpal and ends at the distal phalanx. Condensations of the sheath form the flexor pulleys, which can be identified as five heavier annular bands and three filmy cruciform ligaments (see text).




















Tendon Healing


The exact mechanism of tendon healing is still unknown. Healing probably occurs through a combination of extrinsic and intrinsic processes. Extrinsic healing depends on the formation of adhesions between the tendon and the surrounding tissue, providing a blood supply and fibroblasts, but unfortunately it also prevents the tendon from gliding. Intrinsic healing relies on synovial fluid for nutrition and occurs only between the tendon ends.


Flexor tendons in the distal sheath have a dual source of nutrition via the vincular system and synovial diffusion. Diffusion appears to be more important than perfusion in the digital sheath (Green 1993).


Several factors have been reported to affect tendon healing:




• Age—The number of vincula (blood supply) decreases with age.


• General health—Cigarettes, caffeine, and poor general health delay healing. The patient should refrain from ingesting caffeine and smoking cigarettes during the first 4 to 6 weeks after repair.


• Scar formation—The remodeling phase is not as effective in patients who produce heavy keloid or scar.


• Motivation and compliance—Motivation and the ability to follow the postoperative rehabilitation regimen are critical factors in outcome.


• Level of injury—Zone 2 injuries are more apt to form limiting adhesions from the tendon to the surrounding tissue. In zone 4, where the flexor tendons lie in close proximity to each other, injuries tend to form tendon-to-tendon adhesions, limiting differential glide.


• Trauma and extent of injury—Crushing or blunt injuries promote more scar formation and cause more vascular trauma, impairing function and healing. Infection also impedes the healing process.


• Pulley integrity—Pulley repair is important in restoring mechanical advantage (especially A2 and A4) and maintaining tendon nutrition through synovial diffusion.


• Surgical technique—Improper handling of tissues (such as forceps marks on the tendon) and excessive postoperative hematoma formation trigger adhesion formation.





The two most frequent causes for failure of primary tendon repairs are formation of adhesions and rupture of the repaired tendon.


Through experimental and clinical observation, Duran and Houser (1975) determined that tendon glide of 3 to 5 mm is sufficient to prevent motion-limiting tendon adhesions. Exercises are thus designed to achieve this motion.














Treatment of Flexor Tendon Lacerations


Partial laceration involving less than 25% of the tendon substance can be treated by beveling the cut edges. Lacerations between 25% and 50% can be repaired with 6-0 running nylon suture in the epitenon. Lacerations involving more than 50% should be considered complete and should be repaired with a core suture and an epitenon suture.


No level 1 studies have determined superiority of one suture method or material, although a number of studies have compared different suture configurations and materials. Most studies indicate that the number of strands crossing the repair site and the number of locking loops directly affect the strength of the repair, with six- and eight-strand repairs generally shown to be stronger than four-strand or two-strand repairs; however, the increased number of strands also increases bulk and resistance to glide. Several four-strand repair techniques appear to provide adequate strength for early motion.








Teno-Fix Repair


A stainless-steel tendon repair device (Teno Fix, Ortheon Medical, Columbus, OH) was reported to result in lower flexor tendon rupture rates after repair and similar functional outcomes when compared with conventional repair in a randomized, multicenter study, particularly in patients who were noncompliant with the rehabilitation protocol (Su et al. 2005, 2006). Active flexion was allowed at 4 weeks postoperatively. Solomon et al. (unpublished research) developed an “accelerated active” rehabilitation program to be used after Teno Fix repairs: Active digital flexion and extension maximum-attainable to the palm are started on the first day with the goal of full flexion at 2 weeks postoperatively. The anticipated risks with this protocol are forced passive extension, especially of the wrist and finger (e.g., fall on outstretched hand), and resisted flexion, potentially causing gapping or rupture of the repair.


FDP lacerations can be repaired directly or advanced and reinserted into the distal phalanx with a pull-out wire, but they should not be advanced more than 1 cm to avoid the quadregia effect (a complication of a single digit with limited motion causing limitation of excursion and, thus, the motion of the uninvolved digits). Citing complications in 15 of 23 patients with pull-out wire (button-over-nail) repairs, 10 of which were directly related to the technique, Kang et al. (2008) questioned its continued use. Complications of the pull-out wire technique included nail deformities, fixed flexion deformities of the distal interphalangeal (DIP) joint, infection, and prolonged hypersensitivity.


A more recent technique for FDP lacerations is the use of braided polyester/monofilament polyethylene composite (FiberWire, Arthrex, Naples, FL) and suture anchors rather than pull-out wires (Matsuzaki et al. 2008, McCallister et al. 2006). Reports of outcomes currently are too few to determine if this technique will allow earlier active motion than standard techniques.


























Rehabilitation after flexor tendon repair


The rehabilitation protocol chosen (Rehabilitation Protocols 1-1 and 1-2) depends on the timing of the repair (delayed primary or secondary), the location of the injury (zones 1 through 5), and the compliance of the patient (early mobilization for patients who are compliant and delayed mobilization for patients who are noncompliant and children younger than 7 years of age). A survey of 80 patients with flexor and extensor tendon repairs determined that two thirds were nonadherent to their splinting regimen, removing their splints for bathing and dressing (Sandford et al. 2008).





REHABILITATION PROTOCOL 1-1   Rehabilitation Protocol after Immediate or Delayed Primary Repair of Flexor Tendon Injury: Modified Duran Protocol




Marissa Pontillo PT, DPT, SCS








Postoperative Day 1 to Week 4.5







• Keep dressing on until Day 5 postoperative.


• At Day 5: replace with light dressing and edema control prn.


• Patient is fitted with dorsal blocking splint (DBS) fashioned in:


• 20 degrees wrist flexion.


• 45 degrees MCP flexion.


• Full PIP, DIP in neutral


• Hood of splint extends to fingertips.


• Controlled passive motion twice daily within constraints of splint:


• 8 repetitions of passive flexion and active extension of the PIP joint
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Passive flexion and extension exercises of the proximal interphalangeal (PIP) joint in a dorsal blocking splint (DBS).
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Passive flexion and extension exercises of the distal interphalangeal (DIP) joint in a dorsal blocking splint (DBS).








• 8 repetitions of passive flexion and active extension of the DIP joint


• 8 repetitions of active composite flexion and extension of the DIP and PIP joints with the wrist and MCP joints supported in flexion











4.5 Weeks







• Continue passive exercises as needed.


• Removal of DBS every 2 hours to perform 10 repetitions of each active flexion and extension of the wrist and of the digits


• May start intrinsic minus (hook fist) position and/or tendon gliding exercises


• Active wrist extension to neutral only


• Functional electrical stimulation (FES) with the splint on











5.5 Weeks







• Continue passive exercises.


• Discontinue use of DBS.


• Exercises are performed hourly:




• 12 repetitions of PIP blocking


• 12 repetitions of DIP blocking


• 12 repetitions of composite active flexion and extension


• May start PROM into flexion with overpressure














6 weeks







• Initiate passive extension for the wrist and digits.











8 weeks







• Initiate gentle strengthening.


• Putty, ball squeezes


• Towel walking with fingers


• No lifting or heavy use of the hand











10–12 weeks







• Return to previous level of activity, including work and sport activities.














REHABILITATION PROTOCOL 1-2   Indianapolis Protocol (“Active Hold Program”)







• Indicated for patients with four-strand Tajima and horizontal mattress repair with peripheral epitendinous suture


• Patient who is motivated and compliant


• Two splints are used: the traditional dorsal blocking splint (with the wrist at 20 to 30 degrees of flexion, MCP joints in 50 degrees of flexion, and IP joints in neutral) and the Strickland tenodesis splint. The latter splint allows full wrist flexion and 30 degrees of dorsiflexion, while digits have full ROM, and MCP joints are restricted to a 60-degree extension.


• For the first 1 to 3 weeks, the modified Duran protocol is used. The patient performs repetitions of flexion and extension to the PIP and DIP joints and to the whole finger 15 times per hour. Exercise is restrained by the dorsal splint. Then, the Strickland hinged wrist splint is applied. The patient passively flexes the digits while extending the wrist. The patient then gently contracts the digits in the palm and holds for 5 seconds.


• At 4 weeks, the patient exercises 25 times every 2 hours without any splint. A dorsal blocking splint is worn between exercises until the sixth week. The digits are passively flexed while the wrist extends. Light muscle contraction is held for 5 seconds, and the wrist drops into flexion, causing digit extension through tenodesis. The patient begins active flexion and extension of the digits and wrist. Simultaneous digit and wrist extension is not allowed.


• After 5 to 14 weeks, the IP joints are flexed while the MCP joints are extended, and then the IP is extended.


• After 6 weeks, blocking exercises commence if digital flexion is more than 3 cm from the distal palmar flexion crease. No blocking is applied to the small finger FDP tendon.


• At 7 weeks, passive extension exercises are begun.


• After 8 weeks, progressive gradual strengthening is begun.


• After 14 weeks, activity is unrestricted.





(From Neumeister M, Wilhelmi BJ, Bueno Jr, RA: Flexor tendon lacerations: Treatment. http://emedicine.medscape.com/orthopedic_surgery)





In a comparison of early active mobilization and standard Kleinert splintage,Yen et al. (2008)found at an average 4-month follow-up (3 to 7 months) that those in the early active mobilization group had 90% of normal grip strength, pinch, and range of motion compared to 50%, 40%, and 40%, respectively, in those with Kleinert splinting.


Sueoka and LaStayo (2008) devised an algorithm for zone 2 flexor tendon rehabilitation that uses a single clinical sign—the lag sign—to determine the progression of therapy and the need to modify existing protocols for individual patients. They defined “lag” as PROM—AROM (active ROM) ≥15 degrees and consider it a sign of tendon adherence and impairment of gliding. Rehabilitation begins with an established passive ROM Protocol (Duran), which is followed for 3.5 weeks before the presence or absence of a lag is evaluated. The presence or absence of lag is then evaluated at the patient's weekly or twice-weekly visits, and progression of therapy is modified if a lag sign is present (Rehabilitation Protocol 1-3).





REHABILITATION PROTOCOL 1-3   Zone 2 Lag Sign Algorithm
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Trigger Finger (Stenosing Flexor Tenosynovitis)


S. Brent Brotzman, MD, and Theresa M. Kidd, BA








Background


Trigger finger is a painful snapping phenomenon that occurs as the finger flexor tendons suddenly pull through a tight A1 pulley portion of the flexor sheath. The underlying pathophysiology of trigger finger is an inability of the two flexor tendons of the finger (FDS and FDP) to slide smoothly under the A1 pulley, resulting in a need for increased tension to force the tendon to slide and a sudden jerk as the flexor tendon nodule suddenly pulls through the constricted pulley (triggering). The triggering can occur with flexion or extension of the finger or both. Whether this pathologic state arises primarily from the A1 pulley becoming stenotic or from a thickening of the tendon remains controversial, but both elements are usually found at surgery.














Clinical history and examination


Trigger finger most commonly occurs in the thumb, middle, or ring fingers. Patients typically present with clicking, locking, or popping in the affected finger that is often painful, but not necessarily so.


Patients often have a palpable flexor tendon nodule in the area of the thickened A1 pulley (which is at the level of the distal palmar crease). This nodule can be felt to move with the tendon and is usually painful to deep palpation.


To induce the triggering during examination, it is necessary to have the patient make a full fist and then completely extend the fingers because the patient may otherwise avoid triggering by only partially flexing the fingers.














Treatment


Spontaneous long-term resolution of trigger finger is rare. If left untreated, the trigger finger will remain a painful nuisance; however, if the finger should become locked, the patient may develop permanent joint stiffness. Historically, conservative treatment included splinting of the finger in extension to prevent triggering, but this has been abandoned because of stiffening and poor result.


Currently, nonoperative treatment involves injection of corticosteroids with local anesthetic into the flexor sheath. A meta-analysis of the literature found convincing evidence that combining lidocaine with the corticosteroid obtains results superior to those with corticosteroid alone(Chambers 2009). In a cost-minimization analysis, the use of two steroid injections before resorting to surgery was found to be the least costly treatment strategy compared to one or three injections before surgery and open or percutaneous release(Kerrigan and Stanwix 2009).


Our preference is 0.5 ml lidocaine, 0.5 ml bupivicaine, and 0.5 ml methylprednisolone acetate (Depo-Medrol) (Fig. 1-5). A single injection can be expected to relieve triggering in about 66% of patients. Multiple injections have been reported to relieve triggering in 75% to 85% of patients. Current reports indicate a success rate of 47% to 87% with this type of treatment. Systematic review of levels I and II studies in the Journal of the American Academy of Orthopedic Surgeons (Fleisch et al. 2007) indicates a success rate of 57%. Prognostic indicators of recurrence of trigger digits after corticosteroid injection include younger age, insulin-dependent diabetes mellitus, involvement of multiple digits, and a history of other tendinopathies of the upper extremity (Rozental et al. 2008).
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Figure 1-5 A, Needle entrance points (dots) are located approximately one third distance from the distal palmar crease and two thirds the distance from the proximal distal crease. This corresponds to the center of the A1 pulley. B, Diagram depicts the location of the A1 pulleys in the fingers and the A2 pulley in the ring finger. Half of the A2 pulleys are located in the distal palm. C, A1 pulley of the thumb. D, Diagram depicts the optimal insertion point for the needle.








The risk of cortisone injection here is of inadvertent injection into the flexor tendon with possible tendon weakening or rupture. Ultrasound guidance has been reported to help avoid this complication and improve results (Bodor and Flossman 2009).


Physical therapy usually is not necessary to regain motion after cortisone injection because most patients are able to regain motion once the triggering resolves.


Surgery to “release” a trigger finger is a relatively simple outpatient procedure done with the patient under local anesthesia. The surgery involves a 1- to 2-cm incision in the palm overlying the A1 pulley to identify and completely divide the A1 pulley. Gentle active motion is initiated early, and return to unrestricted activities usually is possible at about 3 weeks (Rehabilitation Protocol 1-4).





REHABILITATION PROTOCOL 1-4   Rehabilitation Protocol After Trigger Finger Cortisone Injection or Release








After Injection


Physical therapy usually is not necessary for motion because most patients are able to regain motion once the triggering resolves.








After Trigger Release Surgery










	0–4 days

	Gentle active MCP/PIP/DIP joint ROM (avoid gapping of wound).






	4 days

	Remove bulky dressing and cover wound with bandage.






	4–8 days

	Continue ROM exercises. Remove sutures at 7–9 days.






	8 days–3 weeks

	Active/active-assisted ROM/PROM MCP/PIP/DIP joints.






	3 weeks +

	Aggressive ROM and strengthening. Return to unrestricted activities.




































Pediatric trigger thumb


Pediatric trigger thumb is a congenital condition in which stenosis of the A1 pulley of the thumb in infants causes locking in flexion (inability to extend) of the IP joint. It often is bilateral. Usually no pain or clicking occurs because the thumb remains locked. A recent report by Baek et al. (2008) indicates spontaneous resolution in 63% of cases. The rest require surgical intervention when the patient is around 2 to 3 years old to release the tight A1 pulley and prevent permanent joint flexion contracture.




















Flexor Digitorum Profundus Avulsion (“Jersey Finger”)


S. Brent Brotzman, MD








Background


Avulsion of the flexor digitorum profundus (“jersey finger”) can occur in any digit, but it is most common in the ring finger. This injury usually occurs when an athlete grabs an opponent's jersey and feels sudden pain as the distal phalanx of the finger is forcibly extended as it is concommitantly actively flexed (hyperextension stress applied to a flexed finger).


The resultant lack of active flexion of the DIP joint (FDP function loss) must be specifically checked to make the diagnosis (Fig. 1-6). Often the swollen finger assumes a position of extension relative to the other, more flexed fingers. The level of retraction of the FDP tendon back into the palm generally denotes the force of the avulsion.
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Figure 1-6 With avulsion of the flexor digitorum profundus, the patient would be unable to flex the distal interphalangeal (DIP) joint, shown here. (From Regional Review Course in Hand Surgery. Rosemont, Illinois, American Society of Surgery of the Hand, 1991, Fig. 7).








Leddy and Packer (1977) described three types of FDP avulsions based on where the avulsed tendon retracts: type I, retraction of the FDP to the palm; type II, retraction to the proximal interphalangeal (PIP) joint; and type III, bony fragment distal to the A4 pulley. Subsequently, a type IV injury was described in which a type III lesion is associated with a simultaneous avulsion of the FDP from the fracture fragment. Treatment is based on the anatomy of the injury.
















Treatment


The treatment of FDP avulsion is primarily surgical. The success of the treatment depends on the acuteness of diagnosis, rapidity of surgical intervention, and level of tendon retraction. Tendons with minimal retraction usually have significant attached avulsion bone fragments, which may be reattached bone-to-bone as late as 6 weeks. Tendons with a large amount of retraction often have no bone fragment and have disruption of the vascular supply (vinculum), making surgical repair more than 10 days after injury difficult because of retraction and the longer healing time of the weaker nonbone-to-bone fixation and limited blood supply to the repair. Based on a review of the literature and their clinical experience, Henry et al. (2009) listed four essentials for successful treatment of type IV extensor tendon injuries: (1) a high index of suspicion for this injury, with the use of magnetic resonance imaging (MRI) or ultrasound for confirmation if needed, (2) rigid bony fixation that prevents dorsal subluxation of the distal phalanx, (3) tendon repair that is independent of the bony fixation, and (4) early range of motion therapy (Rehabilitation Protocol 1-5).





REHABILITATION PROTOCOL 1-5   Rehabilitation Protocol After Surgical Repair of Jersey Finger with Secure Bony Repair




S. Brent Brotzman











0–10 Days







• DBS the wrist at 30 degrees flexion, the MCP joint 70 degrees flexion, and the PIP and DIP joints in full extension.


• Gentle passive DIP and PIP joint flexion to 40 degrees within DBS.


• Suture removal at 10 days.











10 Days–3 Weeks







• Place into a removable DBS with the wrist at neutral and the MCP joint at 50 degrees of flexion.


• Gentle passive DIP joint flexion to 40 degrees, PIP joint flexion to 90 degrees within DBS.


• Active MCP joint flexion to 90 degrees.


• Active finger extension of IP joints within DBS, 10 repetitions per hour.











3–5 Weeks







• Discontinue DBS (5–6 weeks).


• Active/assisted MCP/PIP/DIP joint ROM exercises.


• Begin place-and-hold exercises.











5 Weeks +







• Strengthening/power grasping.


• Progress activities.


• Begin tendon gliding exercises.


• Continue PROM, scar massage.


• Begin active wrist flexion/extension.


• Composite fist and flex wrist, then extend wrist and fingers.














With Purely Tendinous Repair or Poor Bony Repair (weaker surgical construct)





0–10 Days







• DBS the wrist at 30 degrees flexion and the MCP joint at 70 degrees flexion.


• Gentle passive DIP and PIP joint flexion to 40 degrees within DBS.


• Suture removal at 10 days.











10 Days–4 Weeks







• DBS the wrist at 30 degrees flexion and the MCP joint at 70 degrees flexion.


• Gentle passive DIP joint flexion to 40 degrees, PIP joint flexion to 90 degrees within DBS, passive MCP joint flexion to 90 degrees.


• Active finger extension within DBS.


• Remove pull-out wire at 4 weeks.











4–6 Weeks







• DBS the wrist neutral and the MCP joint at 50 degrees of flexion.


• Passive DIP joint flexion to 60 degrees, PIP joint to 110 degrees, and MCP joint to 90 degrees.


• Gentle place-and-hold composite flexion.


• Active finger extension within DBS.


• Active wrist ROM out of DBS.











6–8 Weeks







• Discontinue daytime splinting, night splinting only.


• Active MCP/PIP/DIP joint flexion and full extension.











8–10 Weeks







• Discontinue night splinting.


• Assisted MCP/PIP/DIP joint ROM.


• Gentle strengthening.











10 Weeks +







• More aggressive ROM.


• Strengthening/power grasping.


• Unrestricted activities.














Surgical salvage procedures for late presentation include DIP joint arthrodesis, tenodesis, and staged tendon reconstructions.




















Extensor Tendon Injuries


S. Brent Brotzman, MD, and Theresa M. Kidd, BA








Anatomy


Extensor mechanism injuries are grouped into eight anatomic zones, according to Kleinert and Verdan (1983). Odd-number zones overlie the joint levels so that zones 1, 3, 5, and 7 correspond to the DIP, PIP, metacarpal phalangeal (MCP), and wrist joint regions, respectively (Figs. 1-7 and 1-8; Table 1-2).




Table 1-2


Zones of Extensor Mechanism Injury








	Zone

	Finger

	Thumb










	1

	DIP joint

	IP joint






	2

	Middle phalanx

	Proximal phalanx






	3

	Apex PIP joint

	MCP joint






	4

	Proximal phalanx

	Metacarpal






	5

	Apex MCP joint

	—






	6

	Dorsal hand

	—






	7

	Dorsal retinaculum

	Dorsal retinaculum






	8

	Distal forearm

	Distal forearm









DIP, distal interphalangeal; IP, interphalangeal; PIP, proximal interphalangeal; MCP, metacarpophalangeal.


From Kleinert HE, Verdan C. Report of the committee on tendon injuries. J Hand Surg 1983;8:794.
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Figure 1-7 A, The extensor tendons gain entrance to the hand from the forearm through the series of six canals, five fibro-osseous and one fibrous (the fifth dorsal compartment, which contains the extensor digit minimi [EDM]). The first compartment contains the abductor pollicis longus (APL) and extensor pollicis brevis (EPB); the second, the radial wrist extensors; the third, the extensor pollicis longus (EPL), which angles around Lister's tubercle; the fourth, the extensor digitorum communis (EDC) to the fingers and the extensor indicis proprius (EIP); the fifth, the EDM; and the sixth, the extensor carpi ulnaris (ECU). The communis tendons are joined distally near the MR (metacarpophalangeal) joints by fibrous interconnections called juncturae tendinum. These juncturae are found only between the communis tendons and may aid in surgical recognition of the proprius tendon of the index finger. The proprius tendons are usually positioned to the ulnar side of the adjacent communis tendons, but variations may be present that alter this arrangement (see text). Beneath the retinaculum, the extensor tendons are covered with a synovial sheath. B, The proprius tendons to the index and little fingers are capable of independent extension, and their function may be evaluated as depicted. With the middle and ring fingers flexed into the palm, the proprius tendons can extend the little and ring fingers. Independent extension of the index finger, however, is not always lost after transfer of the indicis proprius and is less likely to be lost if the extensor hood is not injured and is probably never lost if the hood is preserved and the juncturae tendinum between the index and middle fingers is excised (see text). This figure represents the usual anatomic arrangement found over the wrist and hand, but variations are common, and the reader is referred to the section on Anatomic Variations. ECRB, extensor carpi radialis brevis; ECRL, extensor carpi radialis longus.










[image: image]


Figure 1-8 Extensor tendon zones of injury as described by Kleinart and Verdan and by Doyle. 









	Zone

	Finger

	Thumb










	I

	Distal interphalangeal joint

	Interphalangeal joint






	II

	Middle phalanx

	Proximal phalanx






	III

	Proximal interphalangeal joint

	Metacarpophalangeal joint






	IV

	Proximal phalanx

	Metacarpal






	V

	MP joint

	Carpometacarpal joint/radial styloid






	VI

	Metacarpal

	 






	VII

	Dorsal retinaculum

	 






	VIII

	Distal forearm

	 






	IX

	Mid and proximal forearm

	 





















Normal extensor mechanism activity relies on concerted function between the intrinsic muscles of the hand and the extrinsic extensor tendons. Although PIP and DIP joint extension is normally controlled by the intrinsic muscles of the hand (interossei and lumbricals), the extrinsic tendons may provide satisfactory digital extension when MCP joint hyperextension is prevented.


An injury at one zone typically produces compensatory imbalance in neighboring zones; for example, a mallet finger deformity at the DIP joint may be accompanied by a more striking secondary swan-neck deformity at the PIP joint.


Disruption of the terminal slip of the extensor tendon allows the extensor mechanism to migrate proximally and exert a hyperextension force to the PIP joint by the central slip attachment. Thus, extensor tendon injuries cannot be considered simply static disorders.














Extensor tendon injuries in zones 1 and 2


Extensor tendon injuries in zones 1 and 2 in children should be considered Salter-Harris type II or III physeal injuries. Splinting of extremely small digits is difficult, and fixing the joint in full extension for 4 weeks produces satisfactory results. Open injuries are especially difficult to splint, and the DIP joint may be transfixed with a 22-gauge needle (see Mallet Finger section). A study of 53 extensor tendon injuries in children, all of which were treated with primary repair within 24 hours of injury, reported that 98% had good or excellent results, although 22% had extension lag or loss of flexion at latest follow-up (Fitoussi et al. 2007). Factors predictive of a less successful outcome were injuries in zones 1, 2, and 3; age younger than 5 years; and complete tendon laceration.


A recent literature review (Soni et al. 2009) found that traditional postoperative static splinting was equivalent to early motion protocols for all uncomplicated thumb injuries and zone 1 to 3 injuries of the second through fifth digits. The only benefit of early motion therapy compared with static splinting was a quicker return to final function for proximal zones of injury in the second through fifth digits. At 6 months after surgery, results of static splinting were comparable to those with early active and passive motion. Static splinting also was associated with a lower rupture rate than early active motion and a lower cost than early active and passive motion. An earlier meta-analysis (Talsma et al. 2008) found that short-term outcomes (4 weeks postoperative) after immobilization were significantly inferior to outcomes after early controlled mobilization, but at 3 months postoperatively no significant differences were found (Rehabilitation Protocol 1-6).





REHABILITATION PROTOCOL 1-6   Treatment and Rehabilitation of Chronic Extensor Tendon Injuries in Zones 1 and 2












	Tenodermodesis

	Central Slip Tenotomy (Fowler)

	Oblique Retinacular Ligament Reconstruction










	Tenodermodesis is a simple procedure used in relatively young patients who are unable to accept the mallet finger disability. With the use of a local anesthetic, the DIP joint is fully extended and the redundant pseudotendon is excised so that the edges of the tendon coapt. A Kirschner wire may be used temporarily to fix the DIP joint in full extension.

	With the use of a local anesthetic, the insertion of the central slip is sectioned where it blends with the PIP joint dorsal capsule. The combined lateral band and the extrinsic contribution should be left undisturbed. Proximal migration of the dorsal apparatus improves the extensor force at the DIP joint. A 10- to 15-degree extensor lag at the PIP joint may occur.

	Reconstruction of the oblique retinacular ligament is done for correction of a chronic mallet finger deformity and secondary swan-neck deformity. A free tendon graft, such as the palmaris longus tendon, is passed from the dorsal base of the distal phalanx and volar to the axis of the PIP joint. The graft is anchored to the contralateral side of the proximal phalanx at the fibro-osseous rim. Kirschner wires temporarily fix the DIP joint in full extension and the PIP joint in 10 to 15 degrees of flexion.






	3–5 Days

	0–2 Weeks

	3 Weeks






	



• Remove the postoperative splint and fit the DIP joint with an extension splint. A pin protection splint may be necessary if the pin is left exposed; however, some patients have their pins buried to allow unsplinted use of the finger.


• PIP joint exercises are begun to maintain full PIP joint motion.






	



• The postoperative dressing maintains the PIP joint at 45 degrees of flexion and the DIP joint at 0 degrees.




2–4 Weeks




• Allow active DIP joint extension and flexion.


• Allow full extension of the PIP joint from 45 degrees of flexion.






	



• Remove the bulky postoperative dressing and sutures.


• Withdraw the PIP joint pin.


• Begin active flexion and extension exercises of the PIP joint.




4–5 Weeks




• Withdraw the DIP joint K-wire.


• Begin full active and passive PIP and DIP joint exercises.











	5 Weeks

	4 Weeks

	 






	



• Remove the Kirschner wire and begin active DIP motion with interval splinting.






	



• Begin full finger motion exercises.






	



• Supplement home exercises with a supervised program over the next 2 to 3 weeks to achieve full motion.











	



• Continue nightly splinting for an additional 3 weeks.






	 

	



• Continue internal splinting of the DIP joint in full extension until 6 weeks after the operation.
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Extensor tendon injuries in zones 4, 5, and 6


Normal function is usually possible after unilateral injuries to the dorsal apparatus, and splinting and immobilization are not recommended. Complete disruptions of the dorsal expansion and central slip lacerations are repaired (Rehabilitation Protocol 1-7).





REHABILITATION PROTOCOL 1-7   After Surgical Repair of Extensor Tendon Injuries in Zones 4, 5, and 6


0–2 Weeks







• Allow active and passive PIP joint exercises, and keep the MCP joint in full extension and the wrist in 40 degrees of extension.








2 Weeks







• Remove the sutures and fit the patient with a removable splint.


• Keep the MCP joints in full extension and the wrist in neutral position.


• Continue PIP joint exercises and remove the splint for scar massage and hygienic purposes only.











4–6 Weeks







• Begin MCP and wrist joint active flexion exercises with interval and night splinting with the wrist in neutral position.


• Over the next 2 weeks, begin active-assisted and gentle passive flexion exercises.











6 Weeks







• Discontinue splinting unless an extensor lag develops at the MCP joint.


• Use passive wrist flexion exercises as necessary.

















Zone 5 Extensor Tendon Subluxations


Zone 5 extensor tendon subluxations rarely respond to a splinting program. The affected MCP joint can be splinted in full extension and radial deviation for 4 weeks, with the understanding that surgical intervention will probably be required. Painful popping and swelling, in addition to a problematic extensor lag with radial deviation of the involved digit, usually require prompt reconstruction.


Acute injuries can be repaired directly, and chronic injuries can be reconstructed with local tissue. Most reconstructive procedures use portions of the juncturae tendinum or extensor tendon slips anchored to the deep transverse metacarpal ligament or looped around the lumbrical tendon(Rehabilitation Protocol 1-8).





REHABILITATION PROTOCOL 1-8   After Surgical Repair of Zone 5 Extensor Tendon Subluxation


2 Weeks







• Remove the postoperative dressing and sutures.


• Keep the MCP joints in full extension.


• Fashion a removable volar short arm splint to maintain the operated finger MCP joint in full extension and radial deviation.


• Allow periodic splint removal for hygienic purposes and scar massage.


• Allow full PIP and DIP joint motion.








4 Weeks







• Begin MCP joint active and active-assisted exercises hourly with interval daily and full-time night splinting.


• At week 5, begin gentle passive MCP joint motion if necessary to gain full MCP joint flexion.











6 Weeks







• Discontinue splinting during the day and allow full activity.





























Extensor tendon injuries in zones 7 and 8


Extensor tendon injuries in zones 7 and 8 are usually from lacerations, but attritional ruptures secondary to remote distal radial fractures and rheumatoid synovitis may occur at the wrist level. These may require tendon transfers, free tendon grafts, or side-by-side transfers rather than direct repair. The splinting program for these, however, is identical to that for penetrating trauma.


Repairs done 3 weeks or more after the injury may weaken the extensor pollicis longus (EPL) muscle sufficiently for electrical stimulation to become necessary for tendon glide. The EPL is selectively strengthened by thumb retropulsion exercises done against resistance with the palm held on a flat surface (Rehabilitation Protocol 1-9).





REHABILITATION PROTOCOL 1-9   After Surgical Repair of Extensor Tendon Injuries in Zones 7 and 8


0–2 Weeks







• Maintain the wrist in 30 to 40 degrees of extension with postoperative splint.


• Encourage hand elevation and full PIP and DIP joint motion to reduce swelling and edema.


• Treat any significant swelling by loosening the dressing and elevating the extremity.








2–4 Weeks







• At 2 weeks remove the postoperative dressing and sutures.


• Fashion a volar splint to keep the wrist in 20 degrees of extension and the MCP joints of the affected finger(s) in full extension.


• Continue full PIP and DIP joint motion exercises and initiate scar massage to improve skin-tendon glide during the next 2 weeks.











4–6 Weeks







• Begin hourly wrist and MCP joint exercises, with interval and nightly splinting over the next 2 weeks.


• From week 4 to 5, hold the wrist in extension during the MCP joint flexion exercises and extend the MCP joints during the wrist flexion exercises.


• Composite wrist and finger flexion from the fifth week forward. An MCP joint extension lag of more than 10 to 20 degrees requires interval daily splinting.


• Splinting program can be discontinued at 6 weeks.











6–7 Weeks







• Begin gentle passive ROM.


• Begin resistive extension exercises.
























Extensor tenolysis



Indications










• Digital active or passive motion has reached a plateau after injury


• Restricted, isolated, or composite active or passive flexion of the PIP or DIP joint


• Otherwise passively supple digit that exhibits an extensor lag (Fig. 1-9)
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Figure 1-9 Passive supple digit with an extensor lag is an indication for possible extensor tenolysis. (From Strickland JW: The Hand: Master Techniques in Orthopaedic Surgery. Philadelphia, Lippincott-Raven, 1998.)











Surgical intervention for extension contractures frequently follows an extensive period of presurgical therapy. Patients who have been active in their rehabilitation are more apt to appreciate that an early postsurgical program is vital to their final outcome. Presurgical patient counseling should always be attempted to delineate and establish the immediate postsurgical tenolysis program.


The quality of the extensor tendon, bone, and joint encountered at surgery may alter the intended program, and the surgeon relays this information to the therapist and the patient. Ideally, the surgical procedures are done with the patient under local anesthesia or awakened from the general anesthesia near the end of the procedure to allow active digit movement by the patient at the surgeon's request. The patient can then see the gains achieved, and the surgeon can evaluate active motion, tendon glide, and the need for additional releases. Unusual circumstances may be well served by having the therapist observe the operative procedure.


Frequently, MCP and PIP joint capsular and ligament releases are necessary to obtain the desired joint motion. Complete collateral ligament resection may be required, and special attention may be necessary in the early postoperative period for resultant instability. Extensive tenolyses may require analgesic dosing before and during therapy sessions. Indwelling catheters also may be needed for instillation of local anesthetics for this purpose (Rehabilitation Protocol 1-10).





REHABILITATION PROTOCOL 1-10   After Extensor Tenolysis


0–24 Hours







• Apply a light compressive postoperative dressing to allow as much digital motion as possible. Anticipate bleeding through the dressing, and implement exercises hourly in 10-minute sessions to achieve as much of the motion noted intraoperatively as possible.








1 Day–4 Weeks







• Remove the surgical dressings and drains at the first therapy visit. Apply light compressive sterile dressings.


• Edema control measures are critical at this stage.


• Continue active and passive ROM exercises hourly for 10- to 15-minute sessions. Poor IP joint flexion during the first session is an indication for flexor FES. Extensor FES should be used initially with the wrist, MCP, PIP, and DIP joints passively extended to promote maximal proximal tendon excursion. After several stimulations in this position, place the wrist, MCP, and PIP joints into more flexion and continue FES.


• Remove the sutures at 2 weeks; dynamic flexion splints and taping may be required.


• Use splints to keep the joint in question in full extension between exercises and at night for the first 4 weeks. Extensor lags of 5 to 10 degrees are acceptable and are not indications to continue splint wear after this period.











4–6 Weeks







• Continue hourly exercise sessions during the day for 10-minute sessions. Emphasis is on achieving MCP and IP joint flexion.


• Continue passive motion with greater emphasis during this period, especially for the MCP and IP joints.


• Continue extension night splinting until the sixth week.











6 Weeks







• Encourage the patient to resume normal activity.


• Edema control measures may be required. Intermittent Coban wrapping of the digits may be useful in conjunction with an oral inflammatory agent.


• Banana splints (foam cylindrical digital sheaths) also can be effective for edema control.





The therapist must have acquired some critical information regarding the patient's tenolysis. Specific therapeutic program and anticipated outcomes depend on the following:




• The quality of the tendon(s) undergoing tenolysis.


• The condition of the joint the tendon acts about.


• The stability of the joint the tendon acts about.


• The joint motions achieved during the surgical procedure. Passive motions are easily obtained; however, active motions in both extension and flexion are even more beneficial to guiding patient therapy goals.





Achieving maximal MCP and PIP joint flexion during the first 3 weeks is essential. Significant gains after this period are uncommon.





















Mallet finger (extensor injury—zone 1)



Background





Avulsion of the extensor tendon from its distal insertion at the dorsum of the DIP joint produces an extensor lag at the DIP joint. The avulsion may occur with or without a bony fragment avulsion from the dorsum of the distal phalanx. This is termed a mallet finger of bony origin or mallet finger of tendinous origin (Fig. 1-10). The hallmark finding of a mallet finger is a flexed or dropped posture of the DIP joint and an inability to actively extend or straighten the DIP joint. The mechanism is typically forced flexion of the fingertip, often from the impact of a thrown ball.
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Figure 1-10 A, Stretching of the common extensor mechanism. B, Mallet finger of tendinous origin (complete disruption of the extensor tendon). C, Mallet finger of bony origin. (From Delee J, Drez D [eds]: Orthopaedic Sports Medicine. Philadelphia, WB Saunders, 1994, p. 1011.)














Classification of Mallet Finger


Doyle (1993) described four types of mallet injury:




• Type I—extensor tendon avulsion from the distal phalanx


• Type II—laceration of the extensor tendon


• Type III—deep avulsion injuring the skin and tendon


• Type IV—fracture of the distal phalanx with three subtypes:




Type IV A—transepiphyseal fracture in a child


Type IV B—less than half of the articular surface of the joint involved with no subluxation


Type IV C—more than half of the articular surface involved and may involve volar subluxation




















Treatment


Abound and Brown (1968) found that several factors are likely to lead to a poor prognosis after mallet finger injury:




• Age older than 60 years


• Delay in treatment of more than 4 weeks


• Initial extensor lag of more than 50 degrees


• Too short a period of immobilization (<4 weeks)


• Short, stubby fingers


• Peripheral vascular disease or associated arthritis





The results of mallet finger treatment are not universally good by any method of treatment.


Continuous extension splinting of the DIP joint, leaving the PIP free for 6 to 10 weeks is the typical treatment for mallet fingers of tendinous origin (Fig. 1-11). A variety of splints has been developed for treatment of mallet finger. Most commonly used are the Stack splint, the perforated thermoplastic splint, and the aluminium-foam splint. If no extensor lag exists at 6 weeks, night splinting for 3 weeks and splinting during sports activities for an additional 6 weeks are used.
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Figure 1-11 A, Use of a stack splint at the distal interphalangeal (DIP) joint for closed treatment of mallet finger (note extension lag). The splint is held in place with paper or adhesive tape. B, Active range of motion exercises of the proximal interphalangeal (PIP) joint used to keep the joint from stiffening during DIP joint immobilization. (A and B, From Regional Review Course in Hand Surgery. Memphis, American Society of Surgery of the Hand, 1991, Fig. 13.)








The patient must work on active ROM of the MCP and PIP joints to avoid stiffening of these uninvolved joints. At no point during the healing process is the DIP joint allowed to drop into flexion or the treatment must be repeated from the beginning. During skin care or washing, the finger must be held continuously in extension with the other hand while the splint is off.


Although splinting is the treatment of choice for most acute and chronic mallet finger injuries, surgery may be indicated for individuals who are unable to comply with a splinting regimen or for patients who would have difficulty performing their jobs with an external splint. Surgical options for acute mallet fractures include transarticular pinning of the DIP joint, compression pinning, and extension block pinning. For chronic injuries (more than 4 weeks after injury) surgical options include terminal extensor tendon shortening, tenodermodesis, reconstruction of the oblique retinacular ligament, and central slip tenotomy (see Rehabilitation Protocol 1-6 on page 43). Arthrodesis may be required as a salvage procedure for mallet fingers caused by arthritis, infection, or failed surgery.


























Fractures and Dislocations of the Hand


Maureen A. Hardy, PT, MS, CHT, and S. Brent Brotzman, MD


Fractures and dislocations involving the hand are classified as stable or unstable injuries to determine the appropriate treatment. Stable fractures are those that would not displace if some degree of early digital motion were allowed. Unstable fractures are those that displace to an unacceptable degree if early digital motion is allowed. Although some unstable fractures can be converted to stable fractures with closed reduction, it is difficult to predict which of these will maintain their stability throughout the early treatment phase. For this reason, most unstable fractures should undergo closed reduction and percutaneous pinning or open reduction internal fixation (ORIF) to allow early protected digital motion and thus prevent stiffness.


Fractures that often require surgical intervention include the following:




• Open fractures


• Comminuted displaced fractures


• Fractures associated with joint dislocation or subluxation


• Displaced or angulated or malrotated spiral fractures


• Displaced intra-articular fractures, especially around the PIP joint


• Fractures in which there is loss of bone


• Multiple fractures





Because of the hand's propensity to quickly form a permanently stiffening scar, unstable fractures must be surgically converted to stable fractures (e.g., pinning) to allow early ROM exercises. Failure to use early ROM will result in a stiff hand with poor function regardless of radiographic bony healing.









Metacarpal and phalangeal fractures



General Principles










• General rehabilitation principles for hand fractures include early active ROM and tendon gliding using synergistic wrist positions and blocking techniques, including blocking splints.


• Radiographic evidence of healing in hand fractures almost always lags behind clinical healing. At 6 weeks, with a nontender clinically healed fracture the radiograph typically still shows the original fracture line. The clinician must go by clinical examination (presence or absence of point tenderness) when making treatment decisions.


• Most metacarpal and phalangeal fractures can be treated nonoperatively using closed methods that emphasize alignment and early protected motion.


• All splinting programs for metacarpal or phalangeal fractures recognize the need to position the metacarpophalangeal joints in flexion to avoid extension contractures.


• The thumb metacarpophalangeal is not exempt from this rule, and many stiff thumbs result from hyperextended thumb spica immobilization.


• The interphalangeal joints typically are rested in full extension.


• Greer's principles of splinting (REDUCE) should be incorporated in casting or splinting of these fractures.




R:Reduction of the fracture is maintained.


E:Eliminate contractures through proper positioning.


D:Don't immobilize any of these fractures for more than 3 weeks.


U:Uninvolved joint should not be splinted in stable fractures.


C:Creases of the skin should not be obstructed by the splint.


E:Early active tendon gliding is encouraged.




• Edema is poorly tolerated by the hand. RICE (rest, ice, compression, elevation) is emphasized for edema control. Distended, edematous joints predictably move into positions that permit the greatest expansion of the joint capsule and collateral ligaments. Edema postures the hand into wrist flexion, metacarpophalangeal joint extension, interphalangeal joint flexion, and thumb adduction: a “dropped claw hand.” Functional splinting seeks to place the hand in a position that avoids this deformed posturing.


• The most important tendon-gliding exercises (Fig. 1-12) to initiate early rehab are for the flexor digitorum superficialis (FDS), FDP, extensor digitorum communis (EDC), and central slip to prevent tendon adherence to fracture callus.
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Figure 1-12 Tendon glide exercises. A, Intrinsic plus posture to achieve central slip/lateral bands glide over proximal phalanx (P1). B, Sublimis fist posture to promote selective FDS tendon glide. C, Claw posture to achieve extensor digitorum communis (EDC) tendon glide over metacarpal bone. D, Flexor digitorum profundus (FDP) blocking exercises to glide FDP tendon over P1. E, Hook fist posture to promote selective FDP tendon glide. F, Flexor digitorum sublimis (FDS) blocking exercise to glide FDS tendon over middle phalanx.





























Metacarpal fractures







• The metacarpals typically have a good blood supply, with rapid healing at 6 weeks.


• As a result of the volar pull of the interosseous muscles, the bone in a metacarpal neck or shaft fracture will tend to angulate with the fracture apex directed dorsally (i.e., the distal fragment is volar).


• The most important rehabilitation considerations with metacarpal fracture are preservation of metacarpophalangeal joint flexion and maintenance of EDC glide.


• Table 1-3 lists the potential problems with metacarpal fractures and therapeutic interventions.




Table 1-3


Potential Problems with Metacarpal Fractures and Strategies for Therapeutic Intervention Maureen A. Hardy PT, MS CHT








	Potential Problems

	Prevention and Treatment










	Dorsal hand edema

	Coban wrap compression, ice, elevation, high-voltage stimulation






	Dorsal skin scar contracture that prevents full fist

	Silicone, TopiGel, simultaneous heat and stretch with hand wrapped in a fisted position; friction massage






	MP joint contracted in extension

	Initially: position MP joint at 70 degrees of flexion in protective splint
Late: dynamic or static progressive MP joint splint






	Adherence of EDC tendon to fracture with limited MP joint flexion

	Initially: teach EDC glide exercise to prevent adherence; splint IP joint in extension during exercises to concentrate flexion power at MP joint
Late: dynamic MP flexion splint; NMES of EDC with on >off cycle






	Intrinsic muscle contracture secondary to swelling and immobilization

	Initially: teach intrinsic stretch (intrinsic minus position)
Late: static progressive splint in intrinsic minus position






	Dorsal sensory radial/ulnar nerve irritation

	Desensitization program; iontophoresis with lidocaine






	Attrition and potential rupture of extensor tendon over prominent dorsal boss or large plate

	Rest involved tendon; contact physician if painful symptoms with AROM persist






	Scissoring/overlapping of digits with flexion

	Slight: buddy tape to adjacent digit
Severe: malrotation deformity requiring ORIF






	Absence of MP head

	Shortening of metacarpal; may not be functional problem






	Absence of MP head and MP joint extension lag

	Shortening of metacarpal with redundancy in extensor length; splint in extension at night; strengthen intrinsics abduction/adduction; NMES of intrinsics with off >on cycle






	Absence of MP head with volar prominence and pain with grip

	Neck fracture angulated volarly
Minor: padded work glove
Major: reduction of angulation required









MP, metacarpophalangeal; EDC, extensor digitorum communis; IP, interphalangeal; NMES, neuromuscular electrical stimulation; AROM, active range of motion.








Nondisplaced metacarpal fractures are stable injuries and are treated with application of an anteroposterior splint in the position of function: the wrist in 30 to 60 degrees of extension, the MCP joints in 70 degrees of flexion, and the IP joints in 0 to 10 degrees of flexion. In this position the important ligaments of the wrist and hand are maintained in maximal tension to prevent contractures (Fig. 1-13). Exceptions to splinting for metacarpal fractures may include treatment of boxer's fractures (see page 13).
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Figure 1-13 Position of immobilization of the hand involves splinting the wrist in approximately 30 degrees of extension, the metacarpophalangeal (MCP) joints in 60 to 80 degrees of flexion, and the interphalangeal (IP) joints in full extension. (From Delee J, Drez D [eds]: Orthopaedic Sports Medicine. Philadelphia, WB Saunders, 1994.)








Allowing early PIP and DIP joint motion is essential. Motion prevents adhesions between the tendons and the underlying fracture and controls edema.




















Fifth Metacarpal Neck Fracture (Boxer's Fracture)


S. Brent Brotzman, MD; Theresa M. Kidd, BA; and Maureen A. Hardy PT, MS, CHT








Background


Metacarpal neck fractures are among the most common fractures in the hand. Fracture of the fifth metacarpal is by far the most frequent and has been termed a boxer's fracture because the usual mechanism is a glancing punch that does not land on the stronger second and third metacarpals.














Clinical history and examination


Patients usually have pain, swelling, and loss of motion about the MCP joint. Occasionally a rotational deformity is present. Careful examination should be performed to ensure that there is no malrotation of the fifth finger when the patient makes a fist (Fig. 1-14), no significant prominence of the distal fragment (palmarly displaced) in the palm, and no extensor lag of the involved finger.
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Figure 1-14 A, To determine rotational and angular alignment of the hand skeleton, the nails should be parallel with the digits in extension. B, In flexion, the digits should all point to the scaphoid tuberosity.








On the lateral radiograph, the angle of the metacarpal fracture is determined by drawing lines down the shafts of the metacarpal and measuring the resultant angle with a goniometer.














Treatment


Treatment is based on the degree of angulation or displacement, as measured on a true lateral radiograph of the hand. Metacarpal neck fractures are usually impacted and angulated, with the distal fragment displacing palmarly because of the intrinsic muscle pull. Excessive angulation causes loss of the MCP joint knuckle and may cause the palmar metacarpal head to be prominent during activities. Only about 10 degrees of angulation can be accepted in second and third metacarpal neck fractures, whereas up to 30 degrees in the fourth metacarpal and 40 degrees in the fifth metacarpal can be accepted because of greater mobility in the fourth and fifth CMC joints.




• Note: The normal metacarpal neck angle is about 15 degrees; thus a measured angle on radiograph of 30 degrees actually is equal to 15 degrees.


• In a report by Ali et al. (1999), 30 degrees of metacarpal angulation resulted in loss of 22% of finger ROM.





If displacement is unacceptable, closed reduction can be attempted with wrist block anesthesia using the maneuver credited to Jahss (1938), in which the proximal phalanx is flexed to 90 degrees and used to apply a dorsally directed force to the metacarpal head (Fig. 1-15). The hand is then splinted in an ulnar gutter splint for about 3 weeks with the MCP joint at 80 degrees of flexion, the PIP joint straight, and the DIP joint free.
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Figure 1-15 Maneuver of Jahss. A, The proximal interphalangeal (PIP) joint is flexed 90 degrees, and the examiner stabilizes the metacarpal proximal to the neck fracture, then pushes the finger to dorsally displace the volar angulated boxer's fracture to “straight.” B, Splint is molded in reduced position with the ulnar gutter in the position of function. (From Regional Review Course in Hand Surgery. Rosemont, Illinois, American Society for Surgery of the Hand, 1991.)








Rapid mobilization of the fingers is required to avoid scarring, adhesions, and stiffness unrelated to the fracture itself but rather to the propensity of an immobilized hand to quickly stiffen.


Statius Muller et al. (2003) prospectively treated 35 patients with boxer's fractures with a mean fracture angulation of 39 degrees (range 15 to 70 degrees). Patients were randomly allocated to treatment with either an ulnar gutter plaster cast for a period of 3 weeks followed by mobilization or a pressure bandage for only 1 week and immediate mobilization within limits imposed by pain. Between the two groups, no statistical differences were found with respect to ROM, satisfaction, pain perception, return to work and hobby, or need for physical therapy. In our clinic we employ the pressure bandage technique for our boxer's fractures with good result.


Bansal and Craigen (2007) treated 40 boxer's fractures with reduction and casting and 40 with buddy taping and range of motion only with instructions to return only if problems were experienced. The Disabilities of the Arm, Shoulder, and Hand (DASH) scores for the two groups were identical at 12 weeks, and the untreated group returned to work 2 weeks earlier and had a significantly higher satisfaction rate on their “care.”


Operative treatment of boxer's fractures is indicated if the following occur:




• Fracture alignment remains unacceptable (authors' recommendations vary but >40 degrees displacement).


• Late redisplacement occurs in a previously reduced fracture.


• There is malrotation of the finger.





Operative fixation usually involves percutaneous pinning of the fracture, but ORIF may be required. Fractures treated operatively still require about 3 weeks of protective splinting and ROM exercises.








Phalangeal Fractures of the Hand







• Phalangeal fractures lack intrinsic muscle support, are more unstable than metacarpal fractures, and are adversely affected by the tension in the long tendons of the fingers.


• Because of the pull of the FDS insertion into the middle phalanx, a proximal fracture of the middle phalanx will angulate with the fracture apex dorsal and a distal fracture will involve angulation with the apex volar (Fig. 1-16). Because of the deforming tendon forces fractures in these areas that present initially as displaced are unlikely to remain reduced after reduction and typically require operative fixation.
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Figure 1-16 Deforming forces on phalangeal fractures. (Adapted with permission from Breen TF: Sports-related injuries of the hand, in Pappas AM, Walzer J [eds]: Upper Extremity Injuries in the Athlete. New York, Churchill Livingston, 1995, p 475.)








• Phalangeal fractures respond less favorably to immobilization than metacarpal fractures, with a predicted 84% return of motion compared with 96% return of motion in the metacarpals (Shehadi 1991).


• If phalangeal immobilization is continued for longer than 4 weeks, the motion drops to 66%.


• Reasons cited for poor results in the literature typically are comminuted fractures, open fractures, and multiple fractures.


• Weiss and Hastings (1993) investigated initiation of motion in patients with proximal phalangeal fractures treated with Kirschner-wire fixation and found no long-term differences in finger range of motion when motion was initiated between 1 and 21 days; however, if motion was delayed more than 21 days, there was a significant loss of motion.


• Table 1-4 lists potential problems and interventions for phalangeal fractures.




Table 1-4


Potential Problems with Phalangeal Fractures and Strategies for Therapeutic Intervention Maureen A. Hardy PT, MS CHT








	Potential Problems

	Prevention and Treatment










	Loss of MP flexion

	Circumferential PIP and DIP extension splint to concentrate flexor power at MP joint; NMES to interossei






	Loss of PIP extension

	Central slip blocking exercises; during the day MP extension block splint to concentrate extensor power at PIP joint; at night PIP extension gutter splint; NMES to EDC and interossei with dual-channel setup






	Loss of PIP flexion

	Isolated FDP tendon glide exercises; during the day MP flexion blocking splint to concentrate flexor power at PIP joint; at night flexion glove; NMES to FDS






	Loss of DIP extension

	Resume night extension splinting; NMES to interossei






	Loss of DIP flexion

	Isolated FDP tendon glide exercises; PIP flexion blocking splint to concentrate flexor power at DIP joint; stretch ORL tightness; NMES to FDP






	Lateral instability, any joint

	Buddy strap or finger-hinged splint that prevents lateral stress






	Impending boutonnière deformity

	Early DIP active flexion to maintain length of lateral bands






	Impending swan neck deformity

	FDS tendon glide at PIP joint and terminal extensor tendon glide at the DIP joint






	Pseudo claw deformity

	Splint to hold MP joint in flexion with PIP joint full extensor glide






	Pain

	Resume protective splinting until healing is ascertained; address edema, desensitization program









MP, metacarpophalangeal; PIP, proximal interphalangeal; DIP, distal interphalangeal; NMES, neuromuscular electrical stimulation; EDC, extensor digitorum communis; FDP, flexor digitorum profundus; FDS, flexor digitorum superficialis; ORL, oblique retinacular ligament.








Comminuted phalangeal fractures, especially those that involve diaphyseal segments with thick cortices, may be slow to heal and may require fixation for up to 6 weeks.














Proximal Interphalangeal Joint Injuries


Three types of proximal interphalangeal joint dislocations (Fig. 1-17; Table 1-5) or fracture-dislocations have been described: lateral, volar (rotatory), and dorsal (Fig. 1-18). Each results from a different mechanism of injury and has specific associated complications. The treatment of PIP injuries is dictated by the stability of the injury.




Table 1-5


Managing Proximal Interphalangeal Joint Injuries of the Hand








	Injury

	Clinical Manifestations or Special Considerations

	Treatment










	Sprain

	Stable joint with active and passive motion; negative radiographs; pain and swelling only

	Buddy tape for comfort; begin early ROM exercises, ice, NSAIDs






	Open dislocation

	Dislocated exposed joint

	Irrigation, débridement, and antibiotics; treat as any open fracture or dislocation






	Dorsal PIP Dislocation

	 

	 






	Type 1

	Hyperextension, volar plate avulsion, minor collateral ligament tear

	Reduction; very brief immobilization (3–5 days) followed by ROM exercises with buddy taping and close x-ray follow-up






	Type 2

	Dorsal dislocation, volar plate avulsion, major collateral ligament tear

	Same as type 1






	Type 3

	Stable fracture-dislocation: <40% of articular arc on fracture fragment

	Extension block splint; refer to hand surgeon







	 

	Unstable fracture-dislocation: >40% of articular arc on fracture fragment

	Extension block splint; open reduction with internal fixation if closed treatment impossible; refer to hand surgeon







	Lateral dislocation

	Secondary to collateral ligament injury and avulsion and/or rupture of volar plate; angulation >20 degrees indicates complete rupture

	Same as dorsal dislocation types 1 and 2 if joint is stable and congruous through active ROM






	Volar PIP Dislocation

	 

	 






	Straight volar dislocation

	Proximal condyle causes significant injury to central extensor slip (may reduce easily, but extensor tendon may be seriously injured; requires careful examination)

	
Refer to a hand surgeon experienced in these rare injuries; closed reduction with traction with metatarsophalangeal and PIP flexed and extended wrist; full-extension immobilization of PIP joint if post-reduction x-rays show no subluxation; if closed reduction is not achieved or subluxation persists, surgery recommended






	Ulnar or radial volar displacement

	Condyle often buttonholes through central slip and lateral band; reduction often extremely difficult

	Same as straight volar PIP dislocation









ROM, range of motion; NSAIDs, nonsteroidal anti-inflammatory drugs; PIP, proximal interphalangeal.


From Laimore JR, Engber WD. Serious, but often subtle finger injuries. Phys Sports Med 1998;l26(6):226.







[image: image]


Figure 1-17 Anatomy of the volar plate and collateral ligaments of the proximal interphalangeal (PIP) joint. (Adapted with permission from Breen TF: Sports-related injuries of the hand, in Pappas AM, Walzer J [eds]: Upper Extremity Injuries in the Athlete. New York, Churchill Livingston, 1995, p 459.)
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Figure 1-18 Dislocations in the hand are classified by the position of distal skeletal unit in relation to its proximal counterpart. A, Dorsal proximal interphalangeal (PIP) joint dislocation. B, Lateral PIP joint dislocation. C, Palmar PIP joint dislocation. (From Browner B, Skeletal Trauma, 4th Ed. Philadelphia, Saunders, 2009. Fig 38-132.)








Stable lesions are treated with buddy taping of the injured digit to the noninjured digit adjacent to the torn or compromised collateral ligament. Unstable injuries are often associated with an intra-articular fracture of the middle phalanx (usually affecting more than 20% of the joint surface). However, even very tiny volar avulsion fractures may be associated with dorsal subluxation of the middle phalanx and be unstable. This is best assessed with fluoroscopy where the point of reduction can be accurately ascertained by sequential flexion of the PIP joint (Morgan and Slowman 2001).


Unstable injuries often are treated by dorsal extension block splinting (Fig. 1-19) with the initial digit flexion at the point where the stable reduction was obtained fluoroscopically. Incremental increase of extension of the splint and digit is done on a weekly basis for 4 weeks or until full extension at the joint has been obtained. Buddy taping is continued for 3 months during sports participation.
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Figure 1-19 Dorsal extension block splint. (Adapted with permission from Breen TF: Sports-related injuries of the hand, in Pappas AM, Walzer J [eds]: Upper Extremity Injuries in the Athlete. New York, Churchill Livingston, 1995, p 461.)








If reduction cannot be obtained or easily held by closed methods, then operative intervention is a must.


Early edema management and early active and passive ROM (within the confines of the extension block splint) are paramount to minimize scar adhesion formation and subsequent contractures.


Volar PIP joint dislocations are less common than dorsal dislocations and are often difficult to reduce by closed techniques because of entrapment of the lateral bands around the flare of the proximal phalangeal head. If not treated properly, these injuries may result in a boutonnière deformity (combined PIP joint flexion and DIP joint extension contracture). Usually, the joint is stable after closed or open reduction; however, static PIP joint extension splinting is recommended for 6 weeks to allow healing of the central slip (Rehabilitation Protocol 1-11).





REHABILITATION PROTOCOL 1-11   Rehabilitation Protocol After Volar Proximal Interphalangeal Joint Dislocation or Avulsion Fracture


After Closed Reduction







• An extension gutter splint is fitted for continuous wear with the PIP joint in neutral position.


• The patient should perform active and passive ROM exercises of the MCP and DIP joints approximately six times a day.


• PIP joint motion is not allowed for 6 weeks.


• Begin active ROM exercises at 6 weeks in combination with intermittent daytime splinting and continuous night splinting for an additional 2 weeks.








After ORIF







• The transarticular pin is removed 2 to 4 weeks after the wound has healed.


• Continuous splinting in an extension gutter splint is continued for a total of 6 weeks.


• The remainder of the protocol is similar to that after closed reduction.





Extension splinting is continued as long as an extensor lag is present, and passive flexion exercises are avoided as long as an extension lag of 30 degrees or more is present.








Avulsion fractures involving the dorsal margin of the middle phalanx occur at the insertion of the central slip. These fractures may be treated by closed technique; however, if the fragment is displaced more than 2 mm proximally with the finger splinted in extension, ORIF of the fragment is indicated.


Dorsal fracture-dislocations of the PIP joint are much more common than volar dislocations. If less than 50% of the articular surface is involved, these injuries usually are stable after closed reduction and protective splinting (Rehabilitation Protocol 1-12).





REHABILITATION PROTOCOL 1-12   Rehabilitation Protocol After Dorsal Fracture-Dislocation of the Proximal Interphalangeal Joint







• If the injury is believed to be stable after closed reduction, a dorsal blocking splint (DBS) is applied with the PIP joint in 30 degrees of flexion. This allows full flexion but prevents the terminal 30 degrees of PIP joint extension.


• After 3 weeks, the DBS is adjusted at weekly intervals to increase PIP joint extension by about 10 degrees each week.


• The splint should be in neutral position by the sixth week, then discontinued.


• An active ROM program is begun, and dynamic extension splinting is used as needed.


• Progressive strengthening exercises are begun at 6 weeks.








Dorsal fracture-dislocations involving more than 40% of the articular surface may be unstable, even with the digit in flexion, and may require surgical intervention. The Eaton volar plate advancement is probably the most common procedure used (Fig. 1-20). The fracture fragments are excised, and the volar plate is advanced into the remaining portion of the middle phalanx. The PIP joint usually is pinned in 30 degrees of flexion (Rehabilitation Protocol 1-13).





REHABILITATION PROTOCOL 1-13   Rehabilitation Protocol After Dorsal Fracture-Dislocation of the Proximal Interphalangeal Joint Involving More Than 40% of the Articular Surface







• At 3 weeks after surgery, the pin is removed from the PIP joint and a DBS is fitted with the PIP joint in 30 degrees of flexion for continuous wear.


• Active and active-assisted ROM exercises are begun within the restraints of the DBS.


• At 5 weeks, the DBS is discontinued and active and passive extension exercises are continued.


• At 6 weeks, dynamic extension splinting may be necessary if full passive extension has not been regained.
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Figure 1-20 A, Pathology of injury demonstrating loss of collateral ligament support to the joint, producing marked instability. Eaton volar plate arthroplasty is commonly used when more than 40% comminution or impaction of the inferior aspect of the middle phalanx of the proximal interphalangeal (PIP) joint is present. B, Sutures are passed through the lateral margins of the defect, exiting dorsally. The comminuted fragment has been excised, and the volar plate is being advanced. C, Sutures are tied over a padded button, drawing the volar plate into the defect and simultaneously reducing the PIP joint. (From Strickland JW: The Hand: Master Techniques in Orthopaedic Surgery. Philadelphia, Lippincott-Raven, 1999.)








Dorsal dislocations of the PIP joint without associated fractures are usually stable after closed reduction. Stability is tested after reduction under digital block, and, if the joint is believed to be stable, buddy taping for 3 to 6 weeks, early active ROM exercises, and edema control are necessary. If instability is present with passive extension of the joint, a dorsal blocking splint (DBS) similar to that used in fracture-dislocations should be used.


























Injuries to the Ulnar Collateral Ligament of the Thumb Metacarpophalangeal Joint (Gamekeeper's Thumb)


S. Brent Brotzman, MD








Background


The classic “gamekeeper's thumb” was first described in Scottish gamekeepers. “Skier's thumb” was coined by Schultz, Brown, and Fox in 1973, with skiing being the most common cause of acute ulnar collateral ligament (UCL) rupture (e.g., after a fall causing the ski pole to stress and tear the ulnar collateral ligament of the thumb MCP joint).


Stability of the thumb on the ulnar side is maintained by four structures: the adductor aponeurosis, the adductor pollicis muscle, the proper and accessory UCL, and the volar plate. The UCL provides resistance to radially applied forces (e.g., pinching or holding large objects). A torn UCL weakens the key pinch grip strength and allows volar subluxation of the proximal phalanx. With prolonged instability, the MCP joint frequently degenerates.


The amount of valgus laxity of normal thumbs varies widely. In full MCP joint extension, valgus laxity averages 6 degrees, and in 15 degrees of MCP joint flexion it increases to an average of 12 degrees. The adductor aponeurosis (when torn and pulled distally) occasionally entraps the UCL, preventing anatomic reduction or healing of the UCL (Stener lesion) (Fig. 1-21). The typical mechanism of injury is an extreme valgus stress to the thumb (e.g., falling on an abducted thumb).
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Figure 1-21 Complete rupture of the ulnar collateral ligament resulting in a Stener lesion. The distal attachment has been avulsed from the bone.




















Evaluation


Patients typically have a history of a valgus injury to the thumb followed by pain, swelling, and frequently ecchymosis at the ulnar aspect of the thumb MCP joint. Palpation of the ulnar aspect of the MCP joint may reveal a small lump, which may be indicative of a Stener lesion or avulsion fracture.


In addition to plain films (three views of the thumb and carpus), valgus stress testing radiographs should be obtained. Because patients who are acutely injured will guard from pain, 1% lidocaine should be injected into the joint before stress testing. The integrity of the proper (ulnar collateral) ligament is assessed by valgus stress testing with the MCP joint of the thumb in 30 degrees of joint flexion. This test can be done clinically or with radiographic documentation. The literature varies as to the degree of angulation on valgus stressing that is compatible with complete rupture of the UCL. Thirty to 35 degrees of radial deviation of the thumb on valgus stressing indicates a complete UCL rupture and is an indication for surgical correction. With complete ruptures (>30 degrees of opening) the likelihood of an UCL ligament displacement (a Stener lesion) is greater than 80%.















Treatment



Stable Thumb on Valgus Stressing (No Stener Lesion)










• The ligament is only partially torn, and healing will occur with nonoperative treatment.


• The thumb is immobilized for 4 weeks in a short arm spica cast or thermoplastic splint (molded), usually with the thumb IP joint free.


• Active and passive thumb motion is begun at 3 to 4 weeks, but valgus is avoided.


• If ROM is painful at 3 to 4 weeks, re-evaluation by a physician is indicated.


• The thermoplastic splint is removed several times a day for active ROM exercises.


• Grip-strengthening exercises are begun at 6 weeks after injury. A brace is worn for protection in contact situations for 2 months (Rehabilitation Protocol 1-14).





REHABILITATION PROTOCOL 1-14   Rehabilitation Protocol After Repair or Reconstruction of the Ulnar Collateral Ligament of the Thumb Metacarpophalangeal Joint


3 Weeks







• Remove bulky dressing.


• Remove MCP joint pin (K-wire) if used for joint stabilization.


• Fit with wrist and thumb static splint for continual wear.








6 Weeks







• Begin active and gentle passive ROM exercises of the thumb for 10 minutes each hour.


• Avoid any lateral stress to the MCP joint of the thumb.


• Begin dynamic splinting if necessary to increase passive ROM of the thumb.











8 Weeks







• Discontinue splinting. Wrist and thumb static splint or short opponens splint may be useful during sports-related activities or heavy lifting.


• Begin progressive strengthening.











12 Weeks







• Allow the patient to return to unrestricted activity.




















Unstable Thumb on Valgus Stressing (>30 Degrees)







• Requires direct operative repair with a suture anchor.


• Because 80% of patients with a complete rupture are found to have a Stener lesion (thus obtaining a poor healing result if treated nonoperatively), it is critical to make the correct diagnosis of stable versus unstable gamekeeper's thumb.





























Nerve Compression Syndromes


S. Brent Brotzman, MD









Carpal tunnel syndrome



Background





Carpal tunnel syndrome (CTS) is relatively common (the most common peripheral neuropathy), affecting 1% of the general population. It occurs most frequently during middle or advanced age, with 83% of 1215 study patients older than 40 years, with a mean age of 54 years (Szabo and Madison 1992). Women are affected twice as frequently as men.


The carpal tunnel is a rigid, confined fibro-osseous space that physiologically acts as a “closed compartment.” CTS is caused by compression of the median nerve at the wrist (Fig. 1-22). The clinical syndrome is characterized by pain, numbness, or tingling in the distribution of the median nerve (the palmar aspect of the thumb, index, and long finger). These symptoms may affect all or a combination of the thumb, index, long, and ring fingers. Pain and paresthesias at night in the palmar aspect of the hand (median nerve distribution) are common symptoms (Table 1-6).




Table 1-6


Interpreting Findings in Patients with Carpal Tunnel Syndrome








	Degree of CTS

	Findings










	Dynamic

	Symptoms primarily activity induced; patient otherwise asymptomatic; no detectable physical findings.






	Mild

	Patient has intermittent symptoms; decreased light-touch sensibility; digital compression test usually positive but Tinel sign and positive result on Phalen maneuver (may or may not be present).






	Moderate

	Frequent symptoms; decreased vibratory perception in median nerve distribution; positive Phalen maneuver and digital compression test; Tinel sign present; increased two-point discrimination; weakness of thenar muscles.






	Severe

	Symptoms are persistent; marked increase in or absence of two-point discrimination; thenar muscle atrophy.









CTS, carpal tunnel syndrome.
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Figure 1-22 Open carpal tunnel release. The transverse ligament is divided in a distal to proximal direction near the hook of the hamate. A Carroll or Lorenz elevator may be placed beneath the transverse carpal ligament to protect the median nerve.








The prolonged flexion or extension of the wrists under the patient's head or pillow during sleep is believed to contribute to the prevalence of nocturnal symptoms. Conditions that alter fluid balance (pregnancy, use of oral contraceptives, hemodialysis) may predispose to CTS. CTS associated with pregnancy is transitory and typically resolves spontaneously. Therefore surgery should be avoided during pregnancy.








Typical Clinical Presentation


Paresthesias, pain, and numbness or tingling in the palmar surface of the hand in the distribution of the median nerve (Fig. 1-23) (i.e., the palmar aspect of the three and one-half radial digits) are the most common symptoms. Nocturnal pain is also common. Activities of daily living (such as driving a car, holding a cup, and typing) often aggravate pain. Pain and paresthesias are sometimes relieved by the patient massaging or shaking the hand.
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Figure 1-23 Variation in median nerve anatomy in the carpal tunnel. Group IV variations include those rare instances in which the thenar branch leaves the median nerve proximal to the carpal tunnel. A, Accessory branch. B, Accessory branch from the ulnar aspect of the median nerve. C, Accessory branch running directly into the thenar musculature.








Several provocative tests should be considered to aid in the evaluation and diagnosis of CTS. No one test has been identified as a gold standard for identifying CTS. In a meta-analysis of the literature (Keith et al. 2009), Phalen test results ranged in sensitivity from 46% to 80% and in specificity from 51% to 91%. The Tinel sign ranged in sensitivity from 28% to 73% and in specificity from 44% to 95%. The median nerve compression test ranged in sensitivity from 4% to 79% and in specificity from 25% to 96%. Combining the results of more than one provocative test might increase the sensitivities and specificities. For example, combined results of the Phalen and median nerve compression tests yielded a sensitivity of 92% and a specificity of 92%.








Provocative Testing Maneuvers (Table 1-7)








Phalen Maneuver (Fig. 1-24A)







Table 1-7


Available Tests Used to Diagnose Carpal Tunnel Syndrome










	N

	Test

	Method

	Condition Measured

	Positive Result

	Interpretation of Positive Result










	1*


	Phalen maneuver

	Patient holds wrist in marked flexion for 30–60 sec

	Paresthesias in response to position

	Numbness or tingling on radial side digits

	Probable CTS (sensitivity, 0.75; specificity, 0.47); Gellman found best sensitivity of provocative tests






	2*


	Percussion test (Tinel sign)

	Examiner lightly taps along median nerve at the wrist, proximal to distal

	Site of nerve lesion

	Tingling response in fingers

	Probable CTS if response is at the wrist (sensitivity, 0.60; specificity 0.67)






	3*


	Carpal tunnel compression

	Direct compression of median nerve by examiner

	Paresthesias in response to pressure

	Paresthesias within 30 sec

	Probable CTS (sensitivity, 0.87; specificity, 0.90)






	4

	Hand diagram

	Patient marks sites of pain or altered sensation on outline

	Patient's perception of site of nerve deficit

	Pain depiction on palmar side of radial digits without depiction of the palm

	Probable CTS (sensitivity, 0.96; specificity, 0.73), negative predictive value of a negative test, 0.91






	5

	Hand volume stress test

	Measure hand volume by water displacement; repeat after 7-min stress test and 10-min rest

	Hand volume

	Hand volume increased by ≥10 mL

	Probable dynamic CTS






	6

	Static two-point discrimination

	Determine minimum separation of two points perceived as distinct when lightly touched on palmar surface of digit

	Innervation density of slowly adapting fibers

	Failure to discriminate points <6 mm apart

	Advanced nerve dysfunction (late finding)






	7

	Moving two-point discrimination

	As above, but with points moving

	Innervation density of slowly adapting fibers

	Failure to discriminate points <5 mm apart

	Advanced nerve dysfunction (late finding)






	8

	Vibrometry

	Vibrometer head is placed on palmar side of digit; amplitude at 120 Hz increased to threshold of perception; compare median and ulnar nerves in both hands

	Threshold of quickly adapting fibers

	Asymmetry in contralateral hand or between radial and ulnar digits

	Probable CTS (sensitivity, 0.87)






	
9*


	Semmes-Weinstein monofilament test

	Monofilaments of increasing diameter touched to palmar side of digit until patient can tell which digit is untouched

	Threshold of slowly adapting fibers

	Value >2.83 in radial digits

	Median nerve impairment (sensitivity, 0.83)






	10*


	Distal sensory latency and conduction velocity

	Orthodromic stimulus and recording across the wrist

	Latency and conduction velocity of sensory fibers

	Latency >3.5 ms or asymmetry >0.5 ms compared with contralateral hand

	Probable CTS






	11*


	Distal sensory latency and conduction velocity

	Orthodromic stimulus and recording across wrist

	Latency and conduction velocity of motor fibers of median nerve

	Latency >4.5 ms or asymmetry >1 ms

	Probable CTS






	12

	Electromyography

	Needle electrodes placed in muscle

	Denervation of thenar muscles

	Fibrillation potentials, sharp waves, increased insertional activity

	Very advanced motor median nerve compression
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CTS, carpal tunnel syndrome.


*Most common tests/methods used in our practice.


Adapted from Szabo RM, Madison M. Carpal tunnel syndrome. Orthop Clin North Am 1992;1:103.
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Figure 1-24 A, Diagram of Phalen test (Miller). B, Diagram of Tinel test.










• The patient's wrists are placed in complete (but not forced) flexion.


• If paresthesias in the median nerve distribution occur within the 60-second test, the test is positive for CTS.


• Gellman and associates (1986) found this to be the most sensitive (sensitivity, 75%) of the provocative maneuvers in their study of CTS.

















Tinel Sign (Median Nerve Percussion) (Fig. 1-24B)







• The Tinel sign may be elicited by lightly tapping the patient's median nerve at the wrist, moving from proximal to distal.


• The sign is positive if the patient complains of tingling or electric shock–like sensation in the distribution of the median nerve.

















Sensory Testing of the Median Nerve Distribution


Decreased sensation may be tested by the following:




• Threshold tests: Semmes-Weinstein monofilament; vibrometry perception of a 256-cps tuning fork.


• Innervation density tests: two-point discrimination.


• Sensory loss and thenar muscle weakness often are late findings.

















Additional Special Tests for Evaluation







• Carpal tunnel direct compression (60 seconds)


• Palpation of pronator teres/Tinel test at pronator teres (rule out pronator syndrome)


• Test of the neck (rule out cervical radiculopathy)


• Radicular testing (motor, sensory, reflexes) of involved extremity (rule out radiculopathy)


• Inspection for weakness or atrophy of thenar eminence (a late finding of CTS)


• Exploration for possible global neuropathy on history and examination (e.g., diabetes, hypothyroidism)


• If gray area, electromyographic/nerve conduction velocity (EMG/NCV) testing of entire involved upper extremity to exclude cervical radiculopathy versus CTS versus pronator syndrome























Electrodiagnostic Evaluation


Electrodiagnostic studies are a useful adjunct to clinical evaluation, but they do not supplant the need for a careful history and physical examination. These tests are indicated when the clinical picture is ambiguous or there is suspicion of other entrapments or neuropathies. Clinical guidelines formulated by the American Academy of Orthopaedic Surgeons (Keith et al. 2009) suggest that electrodiagnostic testing may be appropriate in the presence of thenar atrophy and/or persistent numbness (level V evidence) and definitely should be used if clinical or provocative tests are positive and surgical management is being considered (levels II and III evidence).





• Patients with systemic peripheral neuropathies (e.g., diabetes, alcoholism, hypothyroidism) typically have sensory abnormality distribution that is not solely isolated to the median nerve distribution.


• More proximal compressive neuropathies (e.g., C6 cervical radiculopathy) will produce sensory deficits in the C6 distribution (well beyond median nerve distribution), weakness in the C6 innervated muscles (biceps), and an abnormal biceps reflex.


• Electrodiagnostic tests are helpful in distinguishing local compressive neuropathies (such as CTS) from peripheral systemic neuropathies (such as diabetic neuropathy).


• The criterion for a positive electrodiagnostic test is a motor latency greater than 4.0 M/sec and a sensory latency of greater than 3.5 M/sec.





The interpretation of findings in patients with CTS is classified in Table 1-7.





Differential Diagnosis of Carpal Tunnel Syndrome


Thoracic outlet syndrome (TOS)







TOS exhibits positive Adson test, costoclavicular maneuver, Roos test, etc.








Cervical radiculopathy (CR)







CR has a positive Spurling test of the neck, proximal arm/neck symptoms, dermatomal distribution, occasional neck pain.











Brachial plexopathy





Pronator teres syndrome (PTS)







Median nerve compression in the proximal forearm (PTS) rather than the wrist (CTS) has similar median nerve symptoms. PTS is usually associated with activity-induced daytime paresthesias rather than nighttime paresthesias (CTS).


Tenderness and Tinel palpable at pronator teres in the forearm, not at the carpal tunnel.


PTS (more proximal) involves the median nerve innervated extrinsic forearm motors and the palmar cutaneous nerve branch of the median nerve (unlike CTS).














Digital nerve compression (bowler's thumb)







Caused by direct pressure applied to the palm or digits (base of the thumb in bowler's thumb)


Tenderness and Tinel sign localized to the thumb digit rather than carpal tunnel











Neuropathy (systemic)







Alcohol, diabetes, hypothyroidism—more diffuse neuropathy findings noted











Tenosynovitis (RA)





Reflex sympathetic dystrophy (RSDS)







RSDS has skin color, temperature changes, hyperesthesias, etc.


























Treatment







• All patients should undergo initial conservative management unless the presentation is acute and associated with trauma (such as CTS associated with acute distal radius fracture).


• All patients with acute CTS should have the wrist taken out of flexion in the cast and placed in neutral (see section on distal radial fractures).


• Circumferential casts should be removed or bivalved or converted to splints, and icing and elevation above the heart should be initiated.


• Close serial observation should check for possible “emergent” carpal tunnel release if symptoms do not improve.


• Some authors recommend measurement of wrist compartment pressure.











Nonoperative Management


Nonoperative treatment may include the following:




• A prefabricated wrist splint, which places the wrist in a neutral position, may be worn at night; daytime splinting may be done if the patient's job allows.


• Pressure in the carpal tunnel is lowest with the wrist in 2 ± 9 degrees of extension and 2 ± 6 degrees of ulnar deviation. Prefabricated splints typically align the wrist in 20 to 30 degrees of extension; however, CTS is treated more effectively with the wrist in neutral.


• In a study of 45 patients treated for severe CTS in a tertiary referral center, the authors concluded that patients with more severe initial symptoms are unlikely to respond to night-splint therapy (12 weeks of splinting in this study), but those with less severe symptoms should be offered a trial of nighttime splinting before surgery (Boyd et al. 2005).


• Activity modification (discontinuing use of vibratory machinery or placing a support under unsupported arms at the computer) may be tried.


• Studies have shown that fewer than 25% of patients who had cortisone injection into the carpal tunnel (not into the actual median nerve) were symptom free at 18 months after injection. As many as 80% of patients do derive temporary relief with cortisone injection and splinting. Green (1993) found that symptoms typically recurred 2 to 4 months after cortisone injection, leading to operative treatment in 46% of patients. The technique for injection is shown in Figure 1-25. If injection creates paresthesias in the hand, the needle should be immediately withdrawn and redirected from its location in the median nerve; injection should not be into the median nerve.
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Figure 1-25 A, During carpal tunnel injection, a 25- or 27-gauge needle is used to introduce a mixture of dexamethasone and lidocaine into the carpal canal. B, Needle is aligned with the ring finger and directed 45 degrees dorsally and 30 degrees radially as it is advanced slowly beneath the transverse carpal ligament into the tunnel. C, After injection, lidocaine is dispersed. Injection into the nerve should be avoided. If any paresthesias occur during injection, the needle is immediately withdrawn and redirected.








• Vitamin B6 has not been shown in clinical trials to have any therapeutic effect on CTS, but it may help “missed” neuropathies (pyridoxine deficiency).


• Nonsteroidal anti-inflammatory drugs (NSAIDs) can be used for control of inflammation, but they are not as effective as steroid injections.


• Any underlying systemic disease (such as diabetes, rheumatoid arthritis, or hypothyroidism) must be controlled.

















Surgical Treatment


Carpal tunnel release was given a grade A recommendation (level I evidence) in the CTS treatment guidelines formulated by the American Academy of Orthopaedic Surgeons(Keith et al. 2009). These guidelines recommend surgical treatment of CTS by complete division of the flexor retinaculum, regardless of the specific surgical technique.


Indications for surgical treatment of CTS include the following:




• Thenar atrophy or weakness


• Sensation loss on objective measures


• Fibrillation potentials on electromyelograms


• Symptoms that persist more than a year despite appropriate conservative measures





The goals of carpal tunnel release are as follows:




• Decompression of the nerve


• Improvement of nerve excursion


• Prevention of progressive nerve damage





Although endoscopic and minimal-incision techniques have been described, our preferred technique has been open carpal tunnel release (complication rate of 10% to 18%) rather than endoscopic release (complication rate up to 35% in some studies) (Figs. 1-22 and 1-26) In our experience, the times to return to work and sporting activities have not been different enough between the two procedures to warrant the differences in complication rates (increased frequency of digital nerve lacerations, higher incidence of incomplete release with endoscopic technique). Several comparative studies have shown faster functional recovery and faster relief of pain after endoscopic release at short-term follow-up, but longer follow-up showed equivalent results of open and endoscopic methods (Vasiliadis et al. 2010 level VI retrospective study, Atroshi et al. 2009 level I evidence, Scholten et al. 2007 meta-analysis). Lengthy immobilization of the wrist should be avoided after routine carpal tunnel release. Several level II studies indicate no benefits of immobilization for longer than 2 weeks (Bury et al. 1995, Cook et al. 1995, Finsen et al. 1999, Martins et al. 2006). Detrimental effects of immobilization include adhesion formation, stiffness, and prevention of nerve and tendon movement, which can compromise carpal tunnel release (Rehabilitation Protocol 1-15).





REHABILITATION PROTOCOL 1-15   Rehabilitation Protocol After Open Release of Carpal Tunnel Syndrome


0–7 Days







• Encourage gentle wrist extension and flexion exercises and full finger flexion and extension exercises immediately after surgery in the postsurgical dressing.








7 Days







• Remove the dressing.


• Prohibit the patient from submerging the hand in liquids, but permit showering.


• Discontinue the wrist splint if the patient is comfortable.











7–14 Days







• Permit the patient to use the hand in activities of daily living as pain allows.











2 Weeks







• Remove the sutures and begin ROM and gradual strengthening exercises.


• Achieve initial scar remodeling by using Elastomer or silicon gel-sheet scar pad at night and deep scar massage.


• If scar tenderness is intense, use desensitization techniques such as applying various textures to the area using light pressure and progressing to deep pressure. Textures include cotton, velour, wool, and Velcro.


• Control pain and edema with the use of Isotoner gloves or electrical stimulation.











2–4 Weeks







• Advance the patient to more rigorous activities; allow the patient to return to work if pain permits. The patient can use a padded glove for tasks that require pressure to be applied over the tender palmar scars.


• Begin pinch/grip strengthening with Baltimore Therapeutic Equipment work-simulator activities.
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Figure 1-26 Chow two-portal endoscopic technique. A, Entry portal. B, Exit portal. C, The endoscope and blade assembly are passed from the proximal incision through the distal incision, deep to the transverse carpal ligament (TCL). D, The distal edge of the TCL is released using a probe knife. E, A second cut is made in the midsection of the TCL with a triangular knife. F, The first and second cuts are connected with a retrograde knife. G, The endoscope is repositioned beneath the TCL through the distal portal. H, A probe knife is inserted to release the proximal edge of the TCL. I, A retrograde knife is inserted into the midsection of the TCL and drawn proximally to complete the release.




















Complications After Carpal Tunnel Release







• The most common complication after open carpal tunnel release is pillar pain (25%), with symptom resolution in most patients within 3 months (Ludlow et al. 1997).


• Incomplete release of the transverse carpal ligament with persistent CTS is the most frequent complication of endoscopic carpal tunnel release.


• CTS recurs in 7% to 20% of patients treated surgically.























Bowler's Thumb (Digital Nerve Injury)


Digital nerve compression, or bowler's thumb, is a compression neuropathy of the ulnar digital nerve of the thumb. Repetitive pressure of the thumbhole of the bowling ball to this area results in formation of a perineural fibrosis or neuroma-type formation of the ulnar digital nerve.


Patients present with a painful mass at the base of the thumb and paresthesias. A Tinel sign is usually elicited, and the mass is tender to palpation. Differential diagnoses include ganglion, inclusion cyst, and painful callous.


Treatment includes the following:




• A protective thumb shell


• Relative rest from bowling


• Backsetting the thumbhole of the bowling ball to increase thumb extension and abduction


• Avoiding full insertion of the thumb into the thumbhole


• If conservative measures fail, consideration of decompression and internal neurolysis or neuroma resection with primary repair














































Wrist Disorders


S. Brent Brotzman, MD









Scaphoid fractures



Background





The scaphoid (carpal navicular) is the most commonly fractured of the carpal bones, and carpal fractures often are difficult to diagnose and treat. Complications include nonunion and malunion, which alter wrist kinematics and can lead to pain, decreased ROM, decrease in strength, and early radiocarpal arthrosis.


The scaphoid blood supply is precarious. The radial artery branches enter the scaphoid on the dorsum, distal third, and lateral-volar surfaces. The proximal third of the scaphoid receives its blood supply from interosseous-only circulation in about one third of scaphoids and thus is at high risk of osteonecrosis (ON).


Scaphoid fractures usually are classified by location of fracture: proximal third, middle third (or waist), distal third, or tuberosity. Fractures of the middle third are most common, and distal third fractures are rare.








Clinical History and Examination


Scaphoid fractures usually occur with hyperextension and radial flexion of the wrist, most often in young active male patients. Patients usually have tenderness in the anatomic snuffbox (between the first and the third dorsal compartments), less commonly on the distal scaphoid tuberosity volarly, and may have increased pain with axial compression of the thumb metacarpal. Scaphoid is derived from the Greek word for boat, and it is often difficult to evaluate radiographically because of its oblique orientation in the wrist.


Initial radiographs should include posteroanterior (PA), oblique, lateral, and ulnar flexion PA. If there is any question clinically, an MRI is extremely sensitive in detecting scaphoid fractures as early as 2 days after injury. A comparison of MRI and bone scintigraphy found a sensitivity of 80% and specificity of 100% for MRI done within 24 hours of injury and 100% and 90%, respectively, for bone scintigraphy done 3 to 5 days after injury (Beeres et al. 2008).


If an MRI is unavailable, patients with snuffbox tenderness should be immobilized for 10 to 14 days and then return for repeat radiographs out of the splint. If the diagnosis is still questionable, a bone scan is indicated.


Assessment of scaphoid fracture displacement is crucial for treatment and is often best assessed with thin section (1-mm) computed tomography (CT) scans. Displacement is defined as a fracture gap of more than 1 mm, a lateral scapholunate angle greater than 60 degrees, lateral radiolunate angle greater than 15 degrees, or intrascaphoid angle greater than 35 degrees.














Treatment


Truly nondisplaced fractures can be treated closed and nearly always heal with thumb spica cast immobilization. Above- or below-elbow casting is still a subject of controversy. We prefer 6 weeks of sugar tong (long-arm) thumb spica casting, followed by a minimum of 6 weeks of short-arm thumb spica casting. Scaphoid union is verified with thin-section CT scan.


Surgical treatment is indicated for the following:




• Nondisplaced fractures in which the complications of prolonged immobilization (wrist stiffness, thenar atrophy, and delayed return to heavy labor or sports) would be intolerable


• Scaphoid fractures previously unrecognized or untreated


• Displaced scaphoid fractures (see previous for criteria for displacement)


• Scaphoid nonunions





For nondisplaced or minimally displaced fractures, percutaneous fixation with cannulated screws has become accepted treatment. A recent meta-analysis reported that percutaneous fixation may result in union 5 weeks earlier than cast treatment and return to sport or work about 7 weeks earlier than with cast treatment (Modi et al. 2009). For fractures with marked displacement, ORIF is mandatory (Fig. 1-27) (Rehabilitation Protocol 1-16).





REHABILITATION PROTOCOL 1-16   Rehabilitation Protocol After Treatment and Rehabilitation for Scaphoid Fractures


For Fractures Treated Closed (Nonoperative), Treatment in Thumb Spica Cast





0–6 Weeks







• Sugar-tong thumb spica cast


• Active shoulder ROM


• Active second through fifth MCP/PIP/DIP joint ROM











6–12 Weeks (Bony Union)







• Nontender to palpation, painless ROM with cast off


• Short arm thumb spica cast


• Continue shoulder and finger exercises


• Begin active elbow flexion/extension/supination/ pronation











12 Weeks







• CT scan to confirm union. If not united, continue short arm thumb spica cast
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Combined passive flexion and extension exercises of the metacarpophalangeal (MCP), proximal interphalangeal (PIP), and distal interphalangeal (DIP) joints.

















12–14 Weeks







• Assuming union at 12 weeks, removable thumb spica splint


• Begin home exercise program


• Active/gentle-assisted wrist flexion/extension ROM


• Active/gentle-assisted wrist radial/ulnar flexion ROM


• Active/gentle-assisted thumb MCP/IP joint ROM


• Active/gentle-assisted thenar cone exercise











14–18 Weeks







• Discontinue all splinting


• Formalized physical/occupational therapy


• Active/aggressive-assisted wrist flexion/extension ROM


• Active/aggressive-assisted wrist radial/ulnar flexion ROM


• Active/aggressive-assisted thumb MCP/IP joint ROM


• Active/aggressive-assisted thenar cone exercise











18 Weeks +







• Grip strengthening, aggressive ROM


• Unrestricted activities











For Scaphoid Fractures Treated with ORIF





0–10 Days







• Elevate sugar-tong thumb spica splint, ice


• Shoulder ROM


• MCP/PIP/DIP joint active ROM exercises











10 Days–4 Weeks







• Suture removal


• Sugar-tong thumb spica cast (immobilizing elbow)


• Continue hand/shoulder ROM











4–8 Weeks







• Short arm thumb spica cast


• Elbow active/assisted extension, flexion/supination/pronation; continue fingers 2 through 5 active ROM and shoulder active ROM











8 Weeks







• CT scan to verify union of fracture











8–10 Weeks (Assuming Union) (Fig. 1-49)







• Removable thumb spica splint


• Begin home exercise program


• Active/gentle-assisted wrist flexion and extension ROM


• Active/gentle-assisted wrist radial/ulnar flexion ROM


• Active/gentle-assisted thumb MCP/IP joint ROM


• Active/gentle-assisted thenar cone exercise











10–14 Weeks







• Discontinue all splinting


• Formalized physical/occupational therapy


• Active/aggressive-assisted wrist flexion/extension ROM


• Active/aggressive-assisted wrist radial/ulnar flexion ROM


• Active/aggressive-assisted thumb MCP/IP joint ROM


• Active/aggressive-assisted thenar cone exercise











14 Weeks +







• Grip strengthening


• Aggressive ROM


• Unrestricted activities
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Figure 1-27 Diagram showing the positioning of the Herbert jig on the scaphoid.
































Fracture of the Distal Radius


David Ring, MD, PhD; Gae Burchill, MHA, OTR/L, CHT; Donna Ryan Callamaro, OTR/L, CHT; and Jesse B. Jupiter, MD








Background


The keys to successful treatment of a distal radial fracture include restoration of articular congruity, ulnar variance and volar inclination of the articular surface, avoidance of finger stiffness, and effective stretching exercises to optimize forearm and wrist motion.


There is no level 1 clinical evidence suggesting a superior modality for treatment of distal radial fractures. Successful treatment of a fracture of the distal radius must respect the soft tissues while restoring anatomic alignment of the bones. The surgeon must choose a treatment method that maintains bony alignment without relying on tight casts or restricting the gliding structures that control the hand. MCP joint motion must remain free. The wrist should not be distracted or placed in a flexed position because these abnormal positions diminish the mechanical advantage of the extrinsic tendons, increase pressure in the carpal canal, exacerbate carpal ligament injury, and contribute to stiffness. Recognition and prompt treatment of median nerve dysfunction and the avoidance of injury to branches of the radial sensory nerve are also important. Special attention should be given to limiting swelling of the hand. Swelling can contribute to stiffness and even contracture of the intrinsic muscles of the hand. Mobilization and functional use of the hand, wrist, and forearm complete the rehabilitation of the fractured wrist.


The keys to successful treatment of distal radial fractures include restoration of articular congruity, radial length, and proper volar inclination; avoidance of stiffness; and early motion of a stable construct.














Clinical background


Fractures of the distal radius are common in older persons and particularly women because they have weaker bones and are more susceptible to falls. Older persons are healthier, more active, and more numerous than ever, and treatment decisions cannot be based on patient age alone; the possibility of poor bone quality must be considered.


Considerable energy is required to fracture the distal radius of a younger adult, and most such fractures occur in motor vehicle accidents, falls from heights, or sports. Displaced fractures in younger adults are more likely to be associated with concomitant carpal fractures and ligament injuries, acute compartment syndrome, and multitrauma.


The distal end of the radius has two important functions: It is both the primary support of the carpus and part of the forearm articulation.


When a fracture of the distal radius heals with malalignment, the surface pressures on the articular cartilage may be elevated and uneven, the carpus may become malaligned, the ulna may impact with the carpus, or the distal radioulnar joint (DRUJ) may be incongruent. These conditions can produce pain, loss of motion, and arthrosis.


The alignment of the distal radius is monitored using radiographic measurements to define alignment in three planes. Shortening of the distal radius is measured best as the offset between the ulnar head and the lunate facet of the distal radius on the PA view—the ulnar variance. The alignment of the distal radius in the sagittal plane is evaluated by measuring the inclination of the distal radial articular surface on the PA radiograph—the ulnar inclination. The alignment of the distal radius in the coronal plane is evaluated by measuring the inclination of the distal radial articular surface on the lateral radiograph. Studies of normal volunteers have determined that the articular surface of the distal radius is usually oriented about 11 degrees palmar and 22 degrees ulnar and has neutral ulnar variance.








Impaction of Distal Radius (Loss of Radial Length)


Impaction of the distal radius involves a loss of radial length or height. Normally, the radial articular surface is level with or within 1 to 2 mm distal (ulnar positive) or proximal (ulnar negative) to the distal ulnar articular surface (Fig. 1-28). Colles' fractures tend to lose significant height, which causes loss of congruency with the DRUJ and difficulties with wrist rotation.
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Figure 1-28 Impaction (loss of length). A, Normal radius is usually level with or within 1 to 2 mm distal or proximal to the distal ulnar articular surface. B, With a Colles' fracture, significant loss of radial length causes loss of congruency with the distal radioulnar joint.




















Dorsal Angulation (Loss of Volar Inclination)


Normally, the distal radius has a volar inclination of 11 degrees on the lateral view (Fig. 1-29). A Colles' fracture often reverses that volar inclination. Dorsal inclination of 20 degrees or more significantly affects the congruency of the DRUJ and may cause compensatory changes in the carpal bone alignment.
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Figure 1-29 Dorsal angulation. A, In the normal radius, volar inclination averages 11 degrees. B, Colles' fracture can reverse inclination. Dorsal inclination of 20 degrees or more significantly affects congruency of the distal radioulnar joint and may alter carpal alignment.




















Dorsal Displacement


Dorsal displacement contributes significantly to the increased instability of the distal fragment by decreasing the contact area between fragments (Fig. 1-30).
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Figure 1-30 Dorsal displacement in Colles' fracture contributes to instability of the distal fragment.




















Radial Displacement (Lateral Displacement)


Radial displacement occurs when the distal radial fragment displaces away from the ulna (Fig. 1-31).
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Figure 1-31 Radial (or lateral) displacement. In a displaced Colles' fracture, it is possible for the distal fragment to slide away from the ulna.




















Loss of Radial Inclination


The radius normally has a radial-to-ulnar inclination of approximately 22 degrees, measured from the tip of the radial styloid to the ulnar corner of the radius and compared with the longitudinal line along the length of the radius (Fig. 1-32). Loss of inclination can cause hand weakness and fatigability following the fracture.
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Figure 1-32 Loss of radial inclination. A, In a normal radius, the radial-to-ulnar inclination averages 22 degrees as measured from tip of the radial styloid to the ulnar corner of the radius compared with a vertical line along the midline of the radius. B, With a Colles' fracture, radial inclination is lost because of imbalances in force on the radial versus the ulnar side of the wrist.








Unrecognized supination of the distal radial fragment also creates fracture instability (Fig. 1-33).




[image: image]


Figure 1-33 Supination of the distal fragment of a Colles' fracture creates instability. Supination deformity is usually not visible on a radiograph and is best appreciated during open reduction of the fracture.


























Classification


Successful treatment of fractures of the distal radius requires accurate identification of certain injury characteristics and an understanding of their importance (Table 1-8). Although a number of classification systems have been described, most of the important injury elements are captured in the system of Fernandez (Fig. 1-34), which distinguishes bending fractures (type 1), shearing fractures (type 2), compression fractures (type 3), fracture-dislocations (type 4), and high-energy fractures combining multiple types (type 5).




Table 1-8


Treatment-Based Classification of Distal Radius Fractures








	Type

	Description

	Management










	I

	Undisplaced, extra-articular

	Splinting or casting with the wrist in a neutral position for 4–6 wk. The splint chosen depends on the patient and his or her condition and compliance and on physician preference.






	II

	Displaced, extra-articular

	Fracture reduced under local or regional anesthesia






	A

	Stable

	Splint, then cast






	B

	Unstable, reducible*


	Remanipulation, with possible percutaneous pinning for improved stability






	C

	Unreducible

	Open reduction and internal fixation






	III

	Intra-articular, undisplaced

	Immobilization and possible percutaneous pinning for stability






	IV

	Intra-articular, displaced

	—






	A

	Stable, reducible

	Adjunctive fixation with percutaneous pinning and, sometimes, external fixation






	B

	Unstable, reducible

	Percutaneous pinning and, possibly, external fixation to improve rigidity and immobilization. Dorsal comminution contributes to instability, so bone graft may be necessary.






	C

	Unreducible

	Open reduction and internal fixation






	D

	Complex, significant soft tissue

	Open reduction and pin or plate fixation, often injury, carpal injury, distal ulnar supplemented with external fixation fracture, or comminuted metaphyseal–diaphyseal area of the radius









*Instability becomes evident when radiographs show a change in position of the fracture fragments. Patients should be seen at 3, 10, and 21 days after injury to check for any change in fracture position.


From Cooney WP. Fractures of the distal radius: A modern treatment-based classification. Orthop Clin North Am 1993;24(2):211.
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Figure 1-34 Classification of distal radius fractures based on the mechanism of injury (Fernandez): bending (I), shearing (II), compression (III), avulsion (IV), and combined (V) mechanisms. This classification is useful because the mechanism of injury influences the management of injury.










• Type 1, or bending-type fractures, includes extra-articular, metaphyseal fractures. Dorsally displaced fractures are commonly referred to by the eponym Colles' fracture. Volarly displaced bending fractures are often called Smith fractures.


• Type 2, or articular shearing fractures, includes volar and dorsal Barton fractures, shearing fracture of the radial styloid (the so-called chauffeur's fracture), and shearing fractures of the lunate facet.


• Type 3, or compression fractures, includes fractures that split the articular surface of the distal radius. There is a progression of injury with greater injury force—separation of the scaphoid and lunate facets occurring first, with progression to coronal splitting of the lunate or scaphoid facets and then further fragmentation.


• Type 4, radiocarpal fracture-dislocations, features dislocation of the radiocarpal joint with small ligamentous avulsion fractures.


• Type 5 fractures may combine features of all the other types and may also involve forearm compartment syndrome, open wound, or associated injury to the carpus, forearm, or elbow.

















Diagnosis and treatment


The wrist often appears deformed with the hand dorsally displaced. This is called a “silver fork” deformity because of the semblance to a dinner fork when viewed from the side. The distal ulna also may be prominent. The wrist is swollen and tender, and palpation may elicit crepitus.


Patients with substantially displaced fractures should have rapid closed manipulation under anesthesia to reduce pressure on the soft tissues, including nerves and skin and to help define the pattern of injury. Closed manipulation and sugar-tong splints provide definitive treatment in many patients. This is most often accomplished with a so-called hematoma block anesthetic. Five to 10 ml of 1% lidocaine anesthetic without epinephrine are injected into the fracture site. Consideration should be given to injecting the DRUJ and an ulnar styloid fracture in some patients. Injection of the fracture site is easiest from the volar-radial aspect of the wrist in the more common dorsally displaced fractures. Manipulation is performed manually. The use of finger traps is cumbersome, limits the surgeon's ability to correct all three dimensions of the deformity, and will not help to maintain length in metaphyseal impaction or fragmentation.


Of note, in a 2009 study of 83 patients with “moderately or severely” displaced fractures, closed reduction did not improve outcomes; in fact, outcomes were significantly better in those without closed reduction (Neidenbach et al. 2010).


Radiographs taken after closed reduction may need to be supplemented by CT scanning to precisely define the pattern of injury. In particular, it can be difficult to tell whether the lunate facet of the distal radial articular surface is split in the coronal plane.


Bending fractures are extra-articular (metaphyseal) fractures. They may displace in either a dorsal or a volar direction. Dorsal displacement (Colles' fracture) is much more common. Many dorsally displaced bending fractures can be held reduced in a cast or splint. In older patients, more than 20 degrees of dorsal angulation of the distal radial articular surface on a lateral radiograph taken before manipulative reduction usually indicates substantial fragmentation and impaction of dorsal metaphyseal bone. Many such fractures require operative fixation to maintain reduction. Dorsally displaced fractures are reduced under hematoma block and splinted with either a sugar-tong or a Charnley type of splint. The reduction maneuver consists of traction, flexion, ulnar deviation, and pronation. The wrist should be splinted in an ulnar-deviated position but without wrist flexion. Circumferential casts and tight wraps should not be used. Great care must be taken to ensure that motion of the MCP joints is not restricted.


Options for the treatment of unstable dorsal bending fractures include external fixation that crosses the wrist, so-called nonbridging external fixation that gains hold of the distal fracture fragment and does not cross the wrist, percutaneous Kirschner wire fixation, and internal plate fixation. External fixation that crosses the wrist should be used with great care. The wrist should not be left in a flexed position, and there should be no distraction across the wrist. Usually, this means that Kirschner wires are needed in combination with the external fixator. Plate fixation is usually reserved for fractures with incipient callus formation that are resistant to closed manipulation (this can occur as early as 2 weeks after injury) and fractures with fragmentation of the volar and the dorsal metaphysis. All of these methods place the radial sensory nerve at risk. Great care must be taken to protect this nerve and its branches.


Volarly displaced bending fractures (Smith fractures) are subclassified as transverse, oblique, or fragmented. Oblique and fragmented fractures will not be stable in a cast and require operative fixation. Fixation of the distal radius with a plate applied to its volar surface is straightforward and associated with few problems. Therefore, unstable volar bending fractures are best treated with internal plate fixation.


Shearing fractures may involve the volar or dorsal articular margin (Barton fractures), the radial styloid, or the lunate facet of the distal radius. These partial articular fractures are inherently unstable. Failure to securely realign the fragment risks subluxation of the carpus. For this reason, shearing fractures are most predictably treated with open reduction and plate and screw fixation.


Many simple compression articular fractures can be treated with closed manipulation, external fixation, and percutaneous Kirschner wire fixation. When the lunate facet is split in the coronal plane, the volar lunate facet fragment is usually unstable and can be held only by a plate or tension band wire applied through a small volar-ulnar incision.


Radiocarpal fracture-dislocations and high-energy fractures require ORIF, in some cases supplemented by external fixation. One must also be extra vigilant regarding the potential for forearm compartment syndrome and acute CTS with these fractures.


For all of these fracture types, the stability of the DRUJ should be evaluated after the distal radius has been fixed. Instability of the distal ulna merits treatment of the ulnar side of the wrist. A large ulnar styloid fracture contains the origin of the triangular fibrocartilage complex (TFCC), and ORIF of such a fragment will restore stability. Similarly, unstable ulnar head and neck fractures may benefit from internal fixation. If the DRUJ is unstable in the absence of ulnar fracture, the radius should be pinned or casted in midsupination (45 degrees supination) for 4 to 6 weeks to enhance stability of the DRUJ.


Indications for operative treatment of distal radial fractures include the following:




• Unstable fracture


• Irreducible fracture


• More than 20 degrees of dorsal angulation of the distal fragment


• Intra-articular displacement or incongruity of 2 mm or more of articular (joint) fragments


• Radial (lateral) displacement





Internal fixation of potentially unstable distal radial fractures with a volar plate was shown to provide a higher probability of painless union than nonoperative treatment (Koenig et al. 2009) (Fig. 1-35). The long-term gains in quality-adjusted life years outweighed short-term risks of surgical complications; however, the difference was small, especially in patients older than 64 years, who may prefer nonoperative treatment.
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Figure 1-35 Posteroanterior and lateral radiographs demonstrating the anatomic reduction with a volar plate. The amount of peg protrusion over the dorsal cortex should be <1 mm. (Reprinted with permission from Chung K. Treatment of unstable distal radial fractures with the volar locking plating system. J Bone Joint Surg 2007;89 Suppl 2: 256-66, Figs. 12B, 12C.)








In a prospective randomized study (Rozental et al. 2009), better functional results and faster return to function were found in those with open reduction and volar plate fixation compared with those with closed reduction and percutaneous pin fixation, whereas another such study found minimal differences in strength, motion, and radiographic alignment among patients treated with volar locked plates, radial column plates, or external fixation (Wei et al. 2009). Age of more than 70 years may be a relative indication for closed reduction rather than ORIF: A retrospective study comparing closed reduction and casting (61 patients) to ORIF (53 patients) found no difference in subjective and functional outcomes, with significantly less pain and fewer complications with cast treatment (Arora et al. 2009).














Rehabilitation after distal radial fractures


The rehabilitation after fracture of the distal radius is nearly uniform among various fracture types, provided that the pattern of injury has been identified and appropriately treated. The stages of rehabilitation can be divided into early, middle, and late (Rehabilitation Protocol 1-17).





REHABILITATION PROTOCOL 1-17   Rehabilitation Protocol After Distal Radial Fracture




David Ring MD


Gae Burchill OT


Donna Ryan Callamaro OT


Jesse B. Jupiter MD








Early Phase (0–6 Weeks)


The critical part of the early phase of rehabilitation is limitation of swelling and stiffness in the hand.




• Swelling can be limited and reduced by encouraging elevation of the hand above the level of the heart, by encouraging frequent active mobilization, and by wrapping the digits and hand with self-adhesive elastic tapes (e.g., Coban, 3M, St. Paul, MN), and applying a compressive stocking to the hand and wrist.


• Stiffness can be limited by teaching the patient an aggressive program of active and passive digit ROM exercises.


• Stable fractures and fractures with internal fixation can be supported with a light, removable thermoplastic splint. We use a well-padded thermoplastic brace that comes “off the shelf” but is custom moldable to each patient.


• A well-padded sugar tong is used initially for stable, nonoperatively treated distal radial fractures. Eventually the elbow is “freed” from the sugar tong (to avoid elbow stiffness) when the fracture looks sticky (approximately 3–4 weeks).





Another critical part of the early rehabilitation phase is functional use of the hand. Many of these patients are older and have a diminished capacity to adapt to their wrist injury.




• Appropriate treatment should be sufficiently stable to allow functional use of the hand for light activities (i.e., <5 pounds of force).


• When the hand is used to assist with daily activities such as dressing, feeding, and toileting, it will be more quickly incorporated back into the patient's physical role and may be less prone to becoming dystrophic.


• Functional use also helps restore mobility and reduce swelling.


• Most fractures are stable with forearm rotation. Supination, in particular, can be difficult to regain after fracture of the distal radius. Initiation of active- and gentle-assisted forearm rotation exercises in the early phase of rehabilitation may speed and enhance the recovery of supination.


• Some methods of treatment (e.g., nonbridging external fixation and plate fixation) offer the potential to initiate wrist flexion/extension and radial/ulnar deviation during the early phase of healing. Provided that fixation of the fragments is secure, we usually allow wrist mobilization at the time of suture removal (10–14 days after the operation).


• Scar massage may help limit adhesions in the area of incisions. In some patients with raised or hypertrophic scars, we recommend Otoform (Dreve-Otoplastik GMBH, Unna, Germany) application to help flatten and diminish the scar.


• Active motion of the ipsilateral shoulder and elbow are used to avoid a frozen shoulder or elbow throughout the postoperative rehabilitation.











Middle Phase (6–8 Weeks)







• Once early healing of the fracture is established (between 6 and 8 weeks after the injury or operation), the pins and external fixation can be removed and the patient can be weaned from external support.


• Radiographs should guide this transition because some very fragmented fractures may require support for longer than 8 weeks.


• Active-assisted forearm and wrist mobilization exercises are used to maximize mobility. There is no role for passive manipulation in the rehabilitation of fractures of the distal radius.


• Dynamic splinting may help to improve motion. In particular, if supination is slow to return, a dynamic supination splint can be used intermittently.











Late Phase (8–12 Weeks)







• Once healing is well established (between 6 and 12 weeks from the injury or operation), strengthening exercises can be initiated while active-assisted mobilization is continued.


• The wrist and hand have been rested for a number of months from the time of the injury and will benefit from focused strengthening exercises, including digit strengthening with Theraputty (Smith and Nephew, Memphis, TN), and the use of small weights.











Rehabilitation after fracture of the distal radius focuses first on preventing a problem with the wrist from creating a problem with the hand; second on restoring functional mobility quickly; and finally on optimizing the function of the wrist after injury. Any method of treatment that contributes to excessive swelling or restriction of digit motion or tendon gliding should be abandoned. For instance, if a cast that is molded tightly to maintain fracture reduction increases edema, the surgeon should consider changing to percutaneous pinning and external fixation to avoid a constrictive dressing. Once effective treatment is administered, the rehabilitation program is straightforward. A study of 125 patients with surgically treated distal radial fractures (Chung and Haas 2009) identified optimal outcomes related to patient satisfaction: grip strength of 65%, key grip strength of 87%, and 95% wrist arc of motion compared to the uninjured wrist.




















Triangular Fibrocartilage Complex Injury
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Clinical background


The triangular fibrocartilage complex is an arrangement of several structures. The primary structure is the triangular fibrocartilage or meniscal disc that is a relatively avascular disclike structure that provides a cushion effect between the distal articular surface of the ulna and the proximal carpal row, primarily the triquetrum.


Much like the menisci in the knee, vascular studies have demonstrated poor central vascularity, whereas the peripheral 15% to 20% has the arterial inflow required for healing. In addition, there is no vascular contribution from the radial base of the TFCC. Thus, central defects or tears tend to have difficulty healing and more peripheral injuries heal at a much higher rate.


The disc is a biconcave structure with a radial attachment that blends with the articular cartilage of the radius. The ulnar attachment lies at the base of the ulnar styloid (Fig. 1-36). The anterior and posterior thickenings of the TFCC are confluent with the anterior and posterior radioulnar capsule and are called the palmar and dorsal radioulnar ligaments. These structures develop tension as the forearm is pronated and supinated and provide the primary stabilization to the DRUJ (Fig. 1-37). The TFCC itself is under maximal tension in neutral rotation. Additional attachments to the lunate, triquetrum, hamate, and the base of the fifth metacarpal have been described. These structures, combined with the extensor carpi ulnaris subsheath, make up the TFCC. Normal function of the DRUJ requires the normal relationship of these anatomic structures. Tear, injury, or degeneration of any one structure leads to pathophysiology of the DRUJ and abnormal kinesis of the wrist and forearm. When evaluating ulnar-sided wrist pain or painful forearm rotation, several entities should be considered.
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Figure 1-36 Anatomy of the triangular fibrocartilage complex. (From Cooney WP, Linscheid RL, Dobyns JH: The Wrist Diagnosis and Operative Treatment. St. Louis, Mosby, 1998.)
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Figure 1-37 A, Right wrist in pronation. The dorsal capsule is tight, and the volar margin of the triangular fibrocartilage complex (TFCC; the volar radioulnar ligament) is tight. B, Right wrist in supination. The volar distal radioulnar joint capsule is tight, and the dorsal margin of the TFCC (dorsal radioulnar ligament) is tight as the dorsal margin of the radius moves farther away from the base of the ulnar styloid.













Differential Diagnosis of Ulnar-Sided Wrist Pain







Radial shortening (e.g., comminuted distal radial fracture) relative to the ulna


Triangular fibrocartilage complex tear (central versus peripheral)


Degenerative joint disease


Lunotriquetral arthritis


Extensor carpi ulnaris (ECU) instability or tendinitis


Fracture of the hook of the hamate


Flexor carpi ulnaris (FCU) calcific tendinitis


Pisotriquetral arthritis


Ulnar artery stenosis


Guyon's canal syndrome


Ulnar styloid fracture


Congenital positive ulnar variance


Ulnar nerve disease




















Classification


The most widely accepted classification system of TFCC injuries is that developed by Palmer (1989) (Fig. 1-38). TFCC tears are divided into two categories: traumatic and degenerative. The system uses clinical, radiographic, anatomic, and biomechanical data to define each tear. Rehabilitation of these lesions is based on the type of procedure performed. In Class 1A or 2A lesions the central portion of the disc is débrided, and in this case, the rehabilitation is a return to activities as tolerated after wound healing has taken place. For most other TFCC lesions, a more extensive immobilization period followed by aggressive physical therapy is required.
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Figure 1-38 The Palmer classification of acute tears of the triangular fibrocartilage complex. Class 1A, central tear of the fibrocartilage disk tissue (I). Class 1B, ulnar-sided peripheral detachment (II). Class 1C, tear of the volar ulnar extrinsic ligaments (III). Class 1D, radial-sided peripheral attachment (IV).











Classification of Triangular Fibrocartilage Complex (TFCC) Lesions (Palmer)


Class 1: Traumatic







A Central perforation


B Ulnar avulsion




With ulnar styloid fracture


Without ulnar styloid fracture





C Distal avulsion


D Radial avulsion




With sigmoid notch fracture


Without sigmoid notch fracture











Class 2: Degenerative (Ulnocarpal Abutment Syndrome)







A TFCC wear


B TFCC wear




With lunate or ulnar chondromalacia





C TFCC perforation




With lunate or ulnar chondromalacia





D TFCC perforation




With lunate or ulnar chondromalacia


With lunotriquetral ligament perforation





E TFCC perforation




With lunate or ulnar chondromalacia


With lunotriquetral ligament perforation


With ulnocarpal arthritis


























Diagnosis


A thorough history is critical to the diagnosis of TFCC lesions. Factors such as onset and duration of symptoms, type and force of trauma, eliciting activities, recent changes in symptoms, and past treatment attempts should be noted. Most TFCC injuries are caused by a fall on an outstretched hand, rotational injuries, or repetitive axial loading. Patients complain of ulnar-sided wrist pain; clicking; and often crepitation with forearm rotation, gripping, or ulnar deviation of the wrist. Tenderness often is present on either the dorsal or the palmar side of the TFCC. Instability of the DRUJ or clicking may or may not be elicited. Care should be taken to rule out extensor carpi ulnaris (ECU) tendon subluxation and radial-sided wrist injuries.


Provocative maneuvers are often helpful in differentiating TFCC injuries from lunotriquetral pathology. 




• First, the pisotriquetral joint should be tested to rule out disease at this joint. With the wrist in neutral rotation, the triquetrum is firmly compressed against the lunate.


• The “shuck test” (Reagan et al. 1984) may be a more sensitive test of the lunotriquetral joint. The lunotriquetral joint is grasped between the thumb and the index finger while the wrist is stabilized with the other hand and the lunotriquetral joint is “shucked” in a dorsal-to-palmar direction.


• The shear test has been described as the most sensitive test to elicit lunotriquetral pathology. In this test, one thumb is placed against the pisiform and the other thumb stabilizes the lunate on its dorsal surface. As the examiner's thumbs are forced toward the carpus, a shear force is created in the lunotriquetral joint.


• The press test has been reported to be 100% sensitive for TFFC tears (Lester et al. 1995). In the press test, the patient grasps both sides of a chair seat while sitting in the chair. The patient then presses the body weight directly upward, and if the pain replicates the ulnar-sided pain, the test is considered positive.





Once a normal lunotriquetral joint is established, the TFCC is then evaluated. 




• The TFCC grind test is very sensitive in eliciting tears in the TFCC and DRUJ instability. With the wrist in neutral rotation and ulnarly deviated, it is rolled palmarly then dorsally. Pain or a click suggests a TFCC tear. When done with the forearm fully pronated, the dorsal radioulnar ligaments are tested. With the forearm fully supinated, the volar radioulnar ligaments are assessed.


• The piano key test evaluates DRUJ stability. With the forearm fully pronated, the distal ulna is balloted from dorsal to volar. This test correlates with the “piano key sign” seen on lateral wrist radiographs.


• Another more recently described physical sign is the “fovea sign,” which consists of tenderness that replicates the patient's pain when pressure is applied to the region of the fovea. In a series of 272 patients who had wrist arthroscopy, the fovea sign had a sensitivity of 95% and a specificity of 86% (Tay et al. 2007).

















Imaging studies


Radiographs of the wrist include PA, lateral, and oblique views taken with the shoulder abducted to 90 degrees, the elbow flexed to 90 degrees, and the forearm flat on the table.


When indicated, specialty views such as a supination-pronation, a clenched-fist PA, and a 30-degree supination view to assess the pisotriquetral joint may be obtained.


Arthrography may be used as a confirmatory test. Radiopaque contrast material is injected directly into the radiocarpal joint. If a tear is present, the dye will extravasate into the region of the tear. Some reports suggest that three-compartment (radiocarpal, DRUJ, and midcarpal) injections are a more accurate method of assessing TFCC lesions. Care must be taken when interpreting wrist arthrograms because a high occurrence of false-negative readings has been reported. Asymptomatic TFCC, interosseous ligament tears, and details of the exact tear location may also appear on wrist arthrography, although adjacent soft tissue structures or articular surfaces are not well delineated. Plain arthrography has largely been supplanted by MRI.


MRI of the wrist has evolved into a useful resource in diagnosing TFCC lesions. Although an experienced radiologist is imperative, the coils and techniques are now approaching arthroscopy in sensitivity and predictive value of TFCC tears. Potter et al. (1997)reported that MRI had a sensitivity of 100%, specificity of 90%, and accuracy of 97% in 57 wrists with arthroscopically verified TFCC lesions. More recent studies indicate lower accuracy rates (∼70% to 80%) and only approximately 40% for lesion localization with MRI. The advantage of MRI over arthrography lies in the ability to identify the location of the lesion.


The “gold standard” in diagnosing wrist injuries is arthroscopy. No other technique is as accurate or reliable in locating the lesion. In addition, arthroscopy allows the surgeon to palpate and observe every structure in the wrist, making it easier to treat all possible components of the injury. Arthroscopy also avoids the complications associated with open wrist surgery and allows a speedier rehabilitation after immobilization.














Treatment


Surgical intervention for TFCC injuries is indicated only after a full course of nonoperative measures.


Initially, the wrist is braced for 4 to 6 weeks. NSAIDs are used, and occasionally a corticosteroid injection may be beneficial. After immobilization, physical therapy is initiated. First, active-assisted and passive ROM exercises are begun. Then, aggressive motion exercises and resisted strengthening rehabilitation are added, followed by plyometric and sports-specific therapy. Most patients with TFCC tears respond well to bracing and therapy.


If nonoperative care fails and symptoms persist, surgery is indicated. In athletes, surgery may be done earlier because of competitive and seasonal considerations. Although a controversial issue, delaying surgical treatment of TFCC tears may adversely affect the outcome.


Surgical intervention is predicated on the type of TFCC tear (Fig. 1-38). Treatment of some tears remains controversial, whereas treatment of others is more widely accepted. Arthroscopic débridement and repair have been shown to achieve results similar to those obtained with open procedures (Anderson et al. 2008, McAdams et al. 2009). In one retrospective series of 16 high-level competitive athletes, return to play averaged 3.3 months after arthroscopic débridement or repair. Return to play was delayed in athletes with concomitant ulnar-sided wrist injuries (McAdams et al. 2009). 




• For Type 1A tears, débridement of the central tear is usually preferred if there is no DRUJ instability. Up to two thirds of the central disc can be removed without significantly altering the biomechanics of the wrist. Care must be taken to avoid violating the volar or dorsal radioulnar ligaments to prevent DRUJ instability.


• Type 1B tears affect the periphery of the TFCC. This is recognized by the loss of the “trampoline” effect of the central disc. Repairs of these tears usually heal because of the adequate blood supply.


• Type 1D tears fall in the controversial category. Traditional treatment has been débridement of the tear followed by early motion. Several authors, however, have reported improved results with surgical repair of these tears. In our clinic, repair of radial-sided tears to the sigmoid notch of the radius is preferred (Rehabilitation Protocols 1-18 and 1-19).





REHABILITATION PROTOCOL 1-18   Rehabilitation Protocol After TFCC Debridement




Felix H. Savoie, III MD


Michael O'Brien MD


Larry D. Field MD





The protocol initially focuses on tissue healing and early immobilization. When TFCC repair is performed, the wrist is immobilized for 6 weeks and forearm pronation/supination is prevented for the same period of time with the use of a Muenster cast.


Phase 1: 0–7 Days







• Soft dressing to encourage wound healing and decrease soft tissue edema.








Phase 2: 7 Days Variable







• ROM exercises are encouraged.


• Return to normal activities as tolerated.











Phase 3: When Pain Free







• Resisted strengthening exercises, plyometrics and sports-specific rehabilitation (see later).














REHABILITATION PROTOCOL 1-19   Rehabilitation Protocol After Repair of TFCC Tear (with or Without Lunotriquetral Pinning)




Felix H. Savoie, III MD


Michael O'Brien MD


Larry D. Field MD








Phase 1: 0–7 Days







• The immediate postoperative period focuses on decreasing the soft tissue edema and the joint effusion. Maintaining an immobilized wrist and elbow is important, and a combination of ice or cold therapy and elevation are desired. The upper extremity is placed in a sling.


• Finger flexion/extension exercises are initiated to prevent possible tenodesis and decrease soft tissue edema.


• Active-assisted and passive shoulder ROM exercises are instituted to prevent loss of motion in the glenohumeral joint. These are performed at home.











7 Days–2 Weeks







• During the first office visit, the sutures are removed and a Münster cast is applied. Once again, the wrist is completely immobilized and elbow flexion/extension is encouraged.


• Hand and shoulder ROM exercises are continued.


• Sling is removed.











2–4 weeks







• The hard cast is removed and a removable Muenster cast or brace applied.


• Cast is removed for gentle wrist flexion and extension twice a day.











4–6 Weeks







• The Münster cast is replaced to account for decreased swelling. Elbow flexion and extension are continued, but forearm rotation is avoided.


• Gentle wrist flexion/extension exercises are initiated.


• Progression to a strongly resistive squeeze ball is begun.


• Hand and shoulder exercises are continued.











6 Weeks







• The Muenster cast is removed and a neutral wrist splint is used as needed.


• Lunotriquetral wires (if used) are removed in the office.


• Active pain-free pronation and supination is allowed.











8 Weeks







• Progressive active and passive ROM exercises are instituted in the six planes of wrist motion (see section on distal radius fractures).


• Once pain-free ROM exercises are accomplished, strengthening exercises are begun.




1. Weighted wrist curls in six planes of wrist motion using small dumbbells or elastic tubing. This includes the volar, dorsal, ulnar, radial, pronation, and supination directions. Once strength returns, the Cybex machine may be used to further develop pronation–supination strength.


2. Four-way diagonal upper extremity patterns utilizing dumbbells, cable weights, or elastic tubing.


3. Flexor–pronator forearm exercises. Wrist begins in extension, supination, and radial deviation, and utilizing a dumbbell as resistance, the wrist is brought into flexion, pronation, and ulnar deviation.


4. Resisted finger extension/flexion exercise with hand grips and elastic tubing.


5. Upper extremity plyometrics are instituted. Once wall-falling/push-off is accomplished (see 6A), weighted medicine ball exercises are begun. Initially, a 1-pound ball is used; then the weight of the ball is progressed as indicated.


6. The plyometrics exercises are tailored to the patient's activity interests. If the patient is an athlete, sports-specific exercises are added.




A Wall-falling in which a patient stands 3 to 4 feet from a wall. Patient falls into the wall, catching on hands, and rebounds to starting position.


B Medicine ball throw in which a medicine ball is grasped with both hands in chest position. Ball is push-passed to a partner or trampoline. On return, the ball is taken into the overhead position.


C Medicine ball throw in which a medicine ball is grasped with both hands in the chest position. Ball is push-passed to a partner or trampoline. On return, the ball is taken into the chest position.


D Medicine ball throw in which a medicine ball is push-passed off a wall and rebounded in the chest position.


E Medicine ball throw in which the ball is grasped in one hand in the diagonal position and thrown to a partner or trampoline. Rebound is taken in the diagonal position over the shoulder. This may be performed across the body or with both hands.


F Medicine ball throw in which the patient is lying supine with upper extremity unsupported abducted to 90 degrees and externally rotated to 90 degrees. A medicine ball weighing 8 ounces to 2 pounds is dropped by a partner from a height of 2 to 3 feet. When the ball is caught, it is returned to a partner in a throwing motion as rapidly as possible.


G Medicine ball push-up with wrist in palmar flexion, dorsiflexion, radial deviation, and ulna deviation. This may be performed with the knees on the ground to begin with and progress to weight on toes as strength returns.













• Sports-specific exercises are designed to emulate the biomechanical activity encountered during play. With overhead and throwing athletes, the following program should be instituted:




• Initially, ROM exercises establish pain-free motion. All aforementioned exercises are instituted and developed.


• A weighted baton is used to recreate the motion of throwing, shooting, or racquet sport. This is progressed to elastic resistance. Ball-free batting practice is likewise begun.


• Finally, actual throwing, shooting, or overhead racquet activities are begun.


• Contact athletes, such as football linemen, will begin bench presses and bench flies. Initially, the bars are unweighted. Painless weight progression and repetition progression as tolerated is performed.


• Work-hardening tasks such as using a wrench and pliers to tighten nuts and bolts are done. A screwdriver may be used to tighten/loosen screws.











3 Months







Minimum time for splint-free return to sports.

















Type 2 tears are degenerative by definition and often occur in athletes who stress their wrists (gymnastics, throwing and racquet sports, wheelchair sports). Nonoperative treatment should be continued for at least 3 months before arthroscopy. Most of these lesions are in patients with an ulna neutral or positive wrist. In these patients, débridement of the central degenerative disc tear is followed by an extra-articular ulnar shortening procedure such as the wafer procedure.





Evaluation and Management of Acute Ulnar-sided Wrist Trauma












	DRUJ Manual Stress Examination

	Focal Tenderness Examination (positive ulnocarpal stress test plus)

	Radiographic Examination

	Treatment










	Stable DRUJ. Check amplitude and end-point compared with contralateral side in supination, neutral, and pronation.

	Tender over disk radial to ECU, or tender over ulnar sling but not tender at fovea precisely

	



No fracture of radius near the sigmoid notch


No fracture of ulna near fovea


Distal tip of ulnar styloid may or may not have a small fracture fragment






	



Initial: cortisone steroid injection of ulnocarpal joint up to 2 times at 3-week intervals


Final: arthroscopic débridement of loose fibrocartilage tissue fragments that prove mechanically unstable to direct probe manipulation


Supplemental: ulnar shortening osteotomy if preexisting ulnocarpal impaction.











	Unstable DRUJ

	Tender specifically at fovea (i.e., positive “fovea sign”)

	No fracture of ulna near fovea

	Open repair of purely ligamentous avulsion of ulnar attachment of radioulnar ligaments, arthroscopic repair, or immobilization of the DRUJ in supination. Palmaris longus tendon graft augmentation may be required with late presentation (after 6 weeks).






	Unstable DRUJ

	Tender at ulnar styloid

	Displaced fracture of ulnar styloid involving its base and containing the foveal region

	Tension band wiring of styloid fragment. Make sure that radioulnar ligaments actually attach to styloid fragment.






	Unstable DRUJ

	Tender radially over disk and margin of sigmoid notch

	Displaced fracture of distal radius involving the margin of the sigmoid notch

	Open or arthroscopic reduction and fixation of displaced sigmoid notch marginal fragments with Kirschner wire or screw.














[image: image]





DRUJ, distal radioulnar joint; ECU, extensor carpi ulnaris





























De Quervain Tenosynovitis


Dana C. Brewington, MD, and S. Brent Brotzman, MD








Definition


De Quervain tenosynovitis is the most common overuse injury involving the wrist and often occurs in individuals who regularly use a forceful grasp coupled with ulnar deviation of the wrist (such as in a tennis serve). It is a thickening of the sheath encompassing the tendons of the extensor pollicis brevis (EPB) and the abductor pollicis longus (APL) tendons. The EPB and APL tendons provide motion at the first metacarpophalangeal (MCP) and first carpometacarpal (CMC) joint, respectively. These tendons traverse the first dorsal extensor compartment of the forearm and lie superficial to the radial styloid. The EPB tendon inserts onto the base of the proximal phalanx of the thumb, and the APL inserts at the first metacarpal base (Fig. 1-39).




[image: image]


Figure 1-39 Fibro-osseous tunnel at the radial styloid with passage of the extensor pollicis brevis and abductor pollicis longus tendons.








Stenosis of the synovial sheath encompassing these tendons, with resultant resisted gliding of the APL and EPB, leads to pain with movement of the thumb, especially with repetitive extension and abduction. Early in the disease, inflammation in the tendon sheath may contribute to pain; however, pathological specimens suggest that collagen disorientation and mucoid deposition in the tendon may play a larger role, especially in chronic cases.


Case series suggest that de Quervain tenosynovitis affects women up to 6 times more often than men and is associated with the dominant hand during middle age.














Presentation and evaluation


Patients typically present with tenderness and edema of the radial aspect of the wrist. A history of pain with activities such as turning jar lids, doorknobs, or screwdrivers may be given.








Examination







• Palpation directly over the area may elicit pain.


• Pain can result in weakness with pinching or grasping in comparison to the contralateral side.


• Pain with resisted thumb abduction or extension also suggests first dorsal compartment pathology.


• Pain may further be elicited by the Finkelstein maneuver. In this maneuver, the patient is asked to make a fist over a flexed thumb, then the wrist is actively deviated in an ulnar direction (Fig. 1-40). Tension placed on the APL and the EPB during this test reproduces pain resulting from movement of tendons within a stenotic and thickened synovial sheath and is suggestive of de Quervain tenosynovitis.




[image: image]


Figure 1-40 Physical examination of the wrist, demonstrating Finkelstein's test. A, The patient grasps the thumb. B, The wrist is ulnarly deviated. Reproduction of pain at the radial styloid is a positive test.











Plain radiographs of the hand and wrist can be obtained to rule out fractures (such as scaphoid or radial styloid fractures) and degenerative disease of the thumb carpometacarpal (CMC) joint, but these can be differentiated most often by history and physical examination. In first CMC joint osteoarthritis, crepitus may be noted with thumb CMC joint circumduction, a finding that is not traditionally present in de Quervain tenosynovitis. Osteoarthritis also is less likely in younger patients. Other diagnoses to be considered in a patient with radial wrist pain include intersection syndrome and Wartenberg syndrome. Intersection syndrome occurs when tendons from the first and second dorsal compartments cross, causing pain that typically is localized to the second dorsal compartment and is more proximal to the pain of de Quervain tenosynovitis. Wartenberg syndrome is a neuritis of the superficial radial nerve as it crosses the anatomic snuffbox. Paresthesias may be present in Wartenburg syndrome and can sometimes be exacerbated by gently tapping over this area. A tight bracelet or watchband causing external compression of the nerve may predispose one to this syndrome.




















Treatment


A reasonable approach to treatment begins with conservative measures and progresses toward a more aggressive approach only with failure of noninvasive therapies. Conservative measures are effective in up to 90% of patients. 




• Education: Educating the patient on the basic anatomy of the area and functional activities that may exacerbate symptoms is important. Patients should be advised to avoid motions that evoke pain, such as those involving twisting of the wrist and pinching with the thumb (activity modification). Workspaces and hobbies can be evaluated and modified ergonomically to accommodate neutral alignment of the wrists and hands with activities such as typing. This helps to decrease chronic overuse of the APL and EPB tendons.


• Immobilization: A period of immobilization in a radial thumb-spica splint to allow the tendons of the first dorsal compartment to rest is a common first-tier treatment. A properly fitting thumb-spica splint should position the wrist in neutral and the thumb in 30 degrees of flexion and 30 degrees of abduction in a functional position at the CMC joint as if holding a soda can. It is important that the interphalangeal joint be free with full mobility. Immobilization should be maintained constantly until pain subsides, usually in 2 to 4 weeks. Nearly 20% of patients have resolution of their symptoms with immobilization alone. Subsequently, the splint can be worn less frequently, such as only at night or during certain known aggravating activities. Passive stretching and tendon glide exercises for the APB and EPL can then be introduced.


• Anti-inflammatories: Anti-inflammatory medications can be used with other methods of treatment for de Quervain tenosynovitis. NSAIDs can be used on a regular or as-needed basis initially. The combination of oral NSAID therapy along with immobilization has been found to improve symptoms in more than 80% of patients who initially present with mild disease and around 30% of those with a moderate to severe presentation. NSAIDs alone generally are not effective.


• Modalities: Therapy modalities can be used as an adjunct to other conservative treatments. Modalities are chosen based on the severity of symptoms and the patient's tolerance to the type of treatment. Augmented soft tissue mobilization, ultrasound, iontophoresis with topical steroid, and ice massage or contrast baths have all been useful adjuncts to medical therapy.


• Corticosteroid injection: In patients with severe pain or in whom immobilization and therapy, with or without NSAIDs, do not relieve symptoms, a corticosteroid injection into the sheath surrounding the first dorsal compartment of the forearm often is done. A local anesthetic agent usually is injected simultaneously. Injections also may be combined with immobilization. The mechanism by which corticosteroid injections decrease pain is unknown, but they have been found to provide pain relief in nearly 70% of patients. Only two small randomized controlled trials (level I evidence) have compared steroid injection to a placebo and to immobilization alone; both found one or two injections to produce better results (Cochrane Database Syst Rev 2009). In a level II quantitative review of the literature comparing treatments for de Quervain tenosynovitis in 495 wrists, Richie and Briner (2003) found an 83% success rate for cortisone injection alone. It is surprising that the success rate for injection and splinting was just 61%; NSAIDs and rest yielded a 0% success rate. Injections may, however, carry risks of atrophic changes in the skin and subcutaneous tissues, hypopigmentation, tendon deterioration or rupture with inadvertent intratendinous injection, bleeding, and infection, which must be discussed with patients.


• Surgery: If conservative measures and injections consistently fail, surgical intervention may be necessary in some patients with de Quervain tenosynovitis. Ta et al. (1999) found a positive correlation between the duration of preoperative symptoms and postoperative patient satisfaction, and several studies have described a more than 90% cure rate with surgery. Local anesthesia often is sufficient and, through a small incision over the first dorsal compartment, the thickened sheath encompassing the EPL and APB tendons is divided to decompress the compartment and allow the tendons to glide freely. Care must be taken to identify all tendinous slips in the compartment and release them all because anatomic variants with multiple slips are common. Range of motion exercises are begun early after surgery, and scar management techniques can be incorporated as healing progresses. Strengthening exercises subsequently can be introduced, and patients progress toward unrestricted functional activity over approximately 6 weeks (Rehabilitation Protocol 1-20).





REHABILITATION PROTOCOL 1-20   Rehabilitation Protocol After Decompression for de Quervain Tenosynovitis







• 0–3 days: Depending on the treating physician, the patient may be initially immobilized in a thumb spica splint; motion should be encouraged in the interphalangeal joint of the thumb and other free digits. 




• Surgical dressing may be removed in 2 to 3 days. Encourage tendon gliding exercises and gentle active motion exercises of the wrist and thumb three to five times daily.





• 3–14 days: Motion exercises are continued.




• Sutures are removed approximately 10 days after surgery.


• Splint may continue to be worn.


• Scar minimizing techniques such as massage are applied, and a silicone or other pad secured with Coban wrap may be used at the scar site.


• Ultrasound may be useful for edema and scar management.





• 2–4 weeks: Active range of motion exercises are added.




• Modalities are used as needed.





• 4–6 weeks: Isometric strengthening exercises of the thumb and wrist are added.




• Modalities continue to be used as necessary.


• Patient is weaned from splint slowly.








Release to unrestricted activity around 6 weeks postoperatively


























Intersection Syndrome of the Wrist


Kara Cox, MD, FAAFP, and S. Brent Brotzman, MD








Background


Making a definite diagnosis in a patient with wrist pain can be challenging because of the proximity of the many structures that make up the complex anatomy of the wrist, and intersection syndrome often is misdiagnosed as de Quervain tenosynovitis. The “intersection” referred to in this syndrome is the crossover site of the first and second dorsal compartments of the wrist (Fig. 1-41). The first compartment, consisting of the APL and EPB, and the second compartment, consisting of the extensor carpi radialis longus (ECRL) and extensor carpi radialis brevis (ECRB), traverse each other at a 60-degree angle, three fingerbreadths proximal to the wrist joint on the dorsal aspect (4 to 8 cm proximal to the radial styloid). This site is the area of pain, edema, and crepitance in patients with intersection syndrome. This is proximal to the location of de Quervain tenosynovitis.
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Figure 1-41 A, Intersection syndrome at a point 4 to 6 cm proximal to the wrist joint. APL, abductor pollicis longus; ECRB, extensor carpi radialis brevis; ECRL, extensor carpi radialis longus; EPB, extensor pollicis brevis.




















Mechanism of injury


Intersection syndrome is an overuse syndrome that occurs with activities or occupations that require repetitive wrist flexion and extension. Common sports in which the syndrome occurs include rowing, skiing, racquetball or tennis, canoeing, and weightlifting. In skiers the mechanism of injury is repetitive dorsiflexion and radial deviation of the wrist as the skier withdraws the planted ski pole from resistance of deep snow. Weightlifters who overuse the radial extensors of the wrist and perform excessive curling movements are susceptible to intersection syndrome. In a study of nonprofessional tennis players with wrist pain, a relationship was found between radial-sided wrist injuries and Eastern grip type. In rowing athletes many factors contribute to wrist injuries including wrong grip size, high winds, poor water/weather conditions, failure to relax at the finish of a stroke, poor shoulder/trunk stabilization techniques, and improper pull-through using the elbow instead of the shoulder (Tagliafico et al. 2009).














Pathophysiology


The etiology of intersection syndrome is not well understood. Inflammatory changes at the intersection point have been explained by several mechanisms, but no one mechanism has been found to be the precise cause. One proposed mechanism is friction between the muscle bellies of the first compartment and the tendon sheath of the second compartment (Grundberg and Reagan 1985, Hanion and Muellen 1999). Another proposed mechanism is stenosis within the second compartment. Ultrasound and MRI findings of intersection syndrome reported in more recent literature support chronic changes such as those described in other tendinosis syndromes such as hypervascularity, tendon thickening, and intrasubstance tendon signal (Lee et al. 2009, Maesener et al. 2009).














Physical examination







• Examination reveals point tenderness to palpation on the dorsum of the wrist, three fingerbreadths (4 to 8 cm) proximal to the wrist joint and/or radial styloid.


• Crepitation or “squeaking” may be noted with passive or active motion of the involved tendons, and swelling (tenosynovitis) may be visible along the two compartments.


• Pain is present on wrist flexion or extension (dorsally), rather than on radial and ulnar deviation as in de Quervain tenosynovitis (e.g., Finkelstein test is positive in de Quervain tenosynovitis; Table 1-9). The Finkelstein test may be painful in intersection syndrome, but the pain is more proximal than with de Quervain tenosynovitis.




Table 1-9


Distinctive Clinical Findings in Common Forms of Tenosynovitis








	Tenosynovitis

	Findings

	Differential Diagnosis










	Intersection syndrome

	Edema, swelling, and crepitation in the intersection area; pain over the dorsum of the wrist that is exacerbated by wrist flexion and extension, unlike the pain of de Quervain's tenosynovitis, which is exacerbated by radial and ulnar deviation; pain extends less radially than it does in de Quervain's tenosynovitis

	Wartenberg's syndrome, de Quervain's tenosynovitis






	de Quervain's

	Pain along the radial aspect of the wrist that worsens with radial and ulnar wrist deviation; pain on performing Finkelstein maneuver is pathognomonic

	Arthritis of the first carpometacarpal joint; scaphoid fracture and nonunion; radiocarpal arthritis; Wartenberg's syndrome; intersection syndrome






	Sixth dorsal compartment

	Pain over the ulnar dorsum of the wrist that is worsened by ulnar deviation and wrist extension; other planes of motion may also be painful; tenderness over the sixth dorsal compartment; instability of the extensor carpi ulnaris is shown by having the patient circumduct the wrist while rotating the forearm from pronation to supination

	Extensor carpi ulnaris instability; triangular fibrocartilage complex tears; lunotriquetral ligament tears; ulnocarpal abutment syndrome; distal radioulnar joint arthritis; traumatic rupture of the subsheath that normally stabilizes this tendon to the distal ulna






	Flexor carpi radialis tunnel syndrome

	Pain, swelling, and erythema around the palmar radial aspect of the wrist at the flexor carpi radialis tunnel; pain exacerbated by resisted wrist flexion

	Retinacular ganglion; scaphotrapezial arthritis, first carpometacarpal arthritis; scaphoid fracture/nonunion; radial carpal arthritis; injury to the palmar cutaneous branch of the median nerve; Lindberg's syndrome (tendon adhesions between the flexor pollicis longus and the flexor digitorum profundus)






	Trigger finger

	Pain on digital motion, with or without associated triggering or locking at the interphalangeal joint of the thumb or proximal interphalangeal joint of other fingers; may be crepitus or a nodular mass near the first annular pulley that moves with finger excursion

	Connective tissue disease; partial tendon laceration; retained foreign body; retinacular ganglion; infection; extensor tendon subluxation









From Idler RS. Helping the patient who has wrist or hand tenosynovitis. J Musculoskel Med 1997;14(2):62.








Intersection syndrome must be differentiated from de Quervain tenosynovitis and Wartenberg syndrome. Intersection syndrome is not an infectious process, but the swelling and rare erythema can raise concern for cellulitis or abscess and imaging can be useful in such cases.














Radiographic evaluation


Plain radiographs of the wrist can be used to rule out bone or alignment problems but are typically normal in patients with intersection syndrome. Often conservative management can be based on clinical findings, but with vague or persistent symptoms musculoskeletal ultrasound and MRI are useful. MRI findings associated with intersection syndrome include tendon thickening, intrasubstance tendon signal, edema of the muscle or subcutaneous tissue, and most consistently peritendinous edema (Lee et al. 2009). The peritendinous edema is not specifically contained within the intersection point and has been noted to extend both proximally and distally. The MRI images should include fluid-sensitive sequences, and most standard wrist protocols likely need to be extended proximally to the mid-forearm to include the area in question (Lee et al. 2009). Musculoskeletal ultrasound findings are similar to those on MRI including peritendinous fluid and tendon thickening. Ultrasound allows easy comparison to the asymptomatic side, the addition of Doppler to assess for another hypervascularity, and dynamic imaging to show friction between the compartments (Maesenner et al. 2009).














Treatment


Conservative treatment is successful in approximately 60% of patients and includes the following:




• Avoidance of exacerbating activities (e.g., rowing, work restrictions).


• Immobilization in removable commercial thumb spica splint (wrist in 15 degrees of extension) for 3 to 6 weeks. The splint should be worn both during sleep and daytime activity.


• Use of cryotherapy several times a day (ice massage with frozen water from a peeled-away Styrofoam cup).


• NSAIDs.


• Corticosteroid injection may be effective in patients in whom pain persists despite 2 to 3 weeks of immobilization and NSAIDs. The injection is given adjacent to the area of maximal swelling with care taken to avoid injection of the actual tendon. Ultrasound guided injection may help to ensure accuracy and improve efficacy.


• Gentle range of motion exercises of the wrist and hand are begun, and wrist extensor strengthening is begun after the patient is asymptomatic for 2 to 3 weeks to avoid repetitive “overuse” of relatively “weak” musculotendinous units.


• In certain patients strengthening of the shoulder girdle and trunk may help in correcting the mechanism of injury (e.g., rowing).


• Training modifications when activity is resumed (e.g., avoid excessive weight curling, alter grip in racquet sports, improve mechanics of stroke and pull-through in rowing).





Surgery is reserved for patients in whom conservative management does not relieve symptoms (Rehabilitation Protocol 1-21).





REHABILITATION PROTOCOL 1-21   Rehabilitation Protocol After Surgical Decompression of Intersection Syndrome


0–14 Days







• Keep the wrist in neutral position within the surgical plaster splint.


• Encourage digital, thumb, and elbow motion as comfort allows.


• Remove the sutures at 10–14 days after surgery.








2–4 Weeks







• Maintain the presurgical splint until the patient can perform the activities of daily living with little pain.


• Active and active-assisted wrist extension and flexion exercises should attain full preoperative values by 4 weeks after surgery.











4–6 Weeks







• Advance the strengthening program.


• Anticipate full activities at the end of the sixth week after surgery.


• Use the splint as needed.


• Scar desensitization techniques may be necessary, including the use of a transcutaneous electric nerve stimulation (TENS) unit if the scar region is still tender 6 weeks after surgery.





























Dorsal and Volar Carpal Ganglion Cysts


Derrick Johnson, MD, and S. Brent Brotzman, MD








Background


Dorsal carpal ganglion cysts rarely originate from sites other than near the scapholunate interval (Fig. 1-42). Ganglia also may arise from the scaphotrapezial joint or, less frequently, the metacarpotrapezial joint. The cysts have a pedicle that is connected to the underlying joint and may have a tortuous path to the visible lesion (Fig. 1-43A and 1-43B). These cysts may decompress into the extensor pollicis longus or common extensor tendon sheaths and may appear to arise from sites remote from their origin (Fig. 1-44). There is thought to be a one-way valve mechanism with the cysts because contrast/dye travels from the joint to the cyst but not in the reverse direction.
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Figure 1-42 The initial incision through the joint capsule to expose the scapholunate ligament attachments and intracapsular cysts.
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Figure 1-43 A, Tangential excision of the ganglion and attachments off the fibers of the scapholunate (SL) ligament. A minute mucin duct piercing the fibers of the scapholunate ligament is invariably cut during the dissection. B, Completed excision of all attachments to the scapholunate (SL) ligament and the immediate vicinity. Synovial tissue between the ligament and head of the capitate has also been excised. Note that the scapholunate ligaments remain intact.
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Figure 1-44 A few of the many possible locations of dorsal wrist ganglions. The most common site (A) is directly over the scapholunate ligament. The others (dotted circles) are connected to the scapholunate ligament through an elongated pedicle.








Volar carpal ganglion cysts (Fig. 1-45) originate from the flexor carpal radialis tendon sheath or from the articulations between the radius and the scaphoid, the scaphoid and the trapezium, or the scaphoid and the lunate.
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Figure 1-45 Typical location of a volar wrist ganglion. Possible subcutaneous extensions are often palpable. FCR, flexor carpi radialis. (Green)








Multiple theories have been proposed as to the cause of ganglion cysts, but there is no one accepted cause. Suggested causes include prior joint pathology (damage to the ligament) leading to a weakened capsule and leakage of fluid, joint stress leading to degeneration of the extra-articular connective tissue, and joint stress leading to mucin production that is then walled off with cyst formation.














Physical examination







• Ganglia are not associated with erythema or warmth and should easily transilluminate.


• Dorsal ganglion cysts are most visible with the wrist flexed.


• Palpation may produce mild discomfort, and provocation motion (extremes of wrist flexion and wrist extension) often causes pain.


• For a volar wrist ganglion, differential diagnosis includes vascular lesions, and an Allen test should be performed for vascular patency.


• Occult ganglia also may be present and responsible for wrist pain but can be seen/diagnosed only with MRI or ultrasound.

















Treatment


If a cyst is not symptomatic, no treatment is necessary. It is important to realize that most cysts will spontaneously resolve. Once known as “Bible cysts” or “Bible bumps,” these were historically treated by smashing the wrist on a large object such as a Bible, but that is no longer a recommended treatment.




• Conservative treatment, which may include aspiration with or with crystalline steroid injection, is tried first; however, recurrence is frequent after this treatment (40% to 60% recurrence rates reported in the literature).


• If symptoms persist, excision of the ganglion may be indicated (Rehabilitation Protocol 1-22). Excision should include the cyst, pedicle, and a cuff of normal adjacent capsule. Arthroscopic excision has been reported to be as effective as open excision, with quicker functional recovery and better cosmetic results (Kang et al. 2008, Mathoulin et al. 2004). However, arthroscopic resection of midcarpal dorsal and volar ganglia can be difficult (Rehabilitation Protocol 1-22).





REHABILITATION PROTOCOL 1-22   Rehabilitation Protocol After Excision of Wrist Ganglion


2 Weeks







• Remove the short arm splint and sutures.


• Initiate active and active-assisted wrist extension and flexion.


• Continue interval splint wear during the day between exercises and at night.








2–4 Weeks







• Advance ROM exercises to resistive and gradual strengthening exercises.


• Discontinue the splint at 4 weeks.











4–6 Weeks







• Allow normal activities to tolerance.











6 Weeks







• Allow full activity.
















Findings in Common Conditions of the Hand and Wrist










	Basilar Joint Arthritis of the Thumb






	



• Swelling and tenderness of the basilar joint.


• Subluxation of the basilar joint (shuck test) (more severe cases).


• Reduced motion at the basilar joint (palmar abduction, opposition).


• Weakened opposition and grip strength.


• Abnormal compression grind test of carpometacarpal joint.


• Hyperextension of the first MCP joint (more severe cases).











	Carpal Tunnel Syndrome






	



• Median nerve compression and Phalen test abnormal (most sensitive tests).


• Tinel sign over the median nerve (frequent).


• Abnormal sensation (two-point discrimination) in the median nerve distribution (more severe cases).


• Thenar eminence softened and atrophied (more severe cases).


• Weakened or absent thumb opposition (more severe cases).











	de Quervain's Stenosing Tenosynovitis






	



• Tenderness and swelling over the first dorsal compartment at the radial styloid.


• Finkelstein's test aggravates pain.











	Rheumatoid Arthritis






	



• Boggy swelling of multiple joints (MCP joints and wrist joint most commonly involved).


• Boggy swelling of the tenosynovium of the extensor tendons over the dorsum of the wrist and the hand (common).


• Boggy swelling of the tenosynovium and the flexor tendons on the volar surface of the wrist (common).


• Secondary deformities in more severe cases, such as ulnar deviation of the MCP joints and swan neck and boutonnière deformities.


• Secondary rupture of extensor or flexor tendons (variable).











	Flexor Tendon Sheath Infection






	



• Cardinal signs of Kanavel present.


• Finger held in flexed position at rest.


• Swelling along the volar surface of the finger.


• Tenderness on the volar surface of the finger along the course of the flexor tendon sheath.


• Pain exacerbated by passive extension of the involved finger.











	Injury to the Ulnar Collateral Ligament of the Metacarpophalangeal Joint of the Thumb (Skier's or Gamekeeper's Thumb)






	



• Swelling and tenderness over the ulnar aspect of the thumb MCP joint.


• Pain exacerbated by stress testing of the UCL.


• Increased laxity of the thumb UCL (more severe injuries) on valgus stress testing











	Ulnar Nerve Entrapment at the Wrist






	



• Compression of the ulnar nerve at Guyon's canal (wrist) reproduces symptoms (most sensitive test).


• Abnormal Tinel sign over Guyon's canal (variable).


• Weakness of intrinsic muscles (finger abduction or adduction) (most severe cases).


• Atrophy of the interossei and the hypothenar eminence (most severe cases).


• Abnormal sensation in the little finger and the ulnar aspect of the ring finger (variable).


• Abnormal Froment sign (variable).











	
Scapholunate Instability







	



• Swelling over the radial wrist; increased scapholunate gap on clenched fist radiographic stress view (>1 mm).


• Tenderness over the dorsal wrist over the scapholunate ligament.


• Scaphoid shift test produces abnormal popping and reproduces the patient's pain.











	Mallet Finger






	



• Flexed or dropped posture of the finger at the DIP joint.


• History of jamming injury to tip of finger (impact of a thrown ball).


• Inability to actively extend or straighten the DIP joint.











	Jersey Finger (FDP Avulsion)






	



• Mechanism is hyperextension stress applied to a flexed finger (e.g., grabbing a player's jersey).


• Patient lacks active flexion at the DIP joint (FDP function lost).











	Degenerative Arthritis of the Fingers






	



• Heberden's nodes (most common).


• Bouchard's nodes (common).


• Mucous cysts (occasional).


• Decreased motion at involved IP joints.


• Instability of involved joints (occasional).











	Ganglion






	



• Palpable mass (may be firm or soft).


• Most common locations: the volar hand at the web flexion crease of the digits or the transverse palmar crease, the dorsal wrist near the ECRL and ECRB tendons, the volar wrist near the radial artery.


• Mass transilluminates (larger ganglia).
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MCP, metacarpophalangeal; UCL, ulnar collateral ligament; DIP, distal interphalangeal; FDP, flexor digitorum profundus; IP, interphalangeal; ECRL, extensor carpi radialis longus; ECRB, extensor carpi radialis brevis.
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Trigger finger (stenosing flexor tenosynolitis)
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Flexor digitorum profundus avulsion ("jersey finger")
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Extensor tendon injuries
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Fifth metacarpal neck fracture





Cited References


 Bansal, R., Craigen, M. A. Fifth metacarpal neck fractures: is follow-up required? J Hand Surg Eur. 2007; 32:69–73.


 Jahss, S. A. Fractures of the metacarpals: a new method of reduction and immobilization. J Bone Joint Surg. 1938; 20:278.


 Morgan, W. J., Slowman, S. S. Acute hand and wrist injuries in athletes; evaluation and management. J Am Acad Orthop Surg. 2001; 9:389–400.


 Shehadi, S. I. External fixation of metacarpal and phalangeal fractures. J Hand Surg Am. 1991; 16:544–550.


 Statius Muller, M. G., Poolman, R. W., van Hoogstraten, M. J., et al. Immediate mobilization gives good results in boxer's fractures with volar angulation up to 70 degrees: a prospective randomized trial comparing immediate mobilization with cast immobilization. Arch Orthop Trauma Surg. 2003; 123:534–537.


 Weiss, A. P., Hastings, H., 2nd. Distal unicondylar fractures of the proximal phalanx. J Hand Surg Am. 1993; 18:594–599.











Further Reading





 Agee, J. M. Unstable fracture-dislocations of the proximal interphalangeal joint: treatment with the force couple splint. Clin Orthop. 1987; 214:101.


 Aitken, S., Court-Brown, C. M. The epidemiology of sports-related fractures of the hand. Injury. 2008; 39:1377–1383.


 Ali, A., Hamman, J., Mass, D. P. The biomechanical effects of angulated boxer's fractures. J Hand Surg Am. 1999; 24:835–844.


 Bernstein, M. L., Chung, K. C. Hand fractures and their management: an international view. Injury. 2006; 37:1043–1048.


 Bushnell, B. D., Draeger, R. W., Crosby, C. G., et al. Management of intra-articular metacarpal base fractures of the second through fifth metacarpals. J Hand Surg Am. 2008; 33:573–583.


 Calfee, R. P., Sommerkamp, T. G. Fracture-dislocation about the finger joints. J Hand Surg Am. 2009; 34:1140–1147.


 Carlsen, B. T., Moran, S. L. Thumb trauma: Bennett fractures, Rolando fractures, and ulnar collateral ligament injuries. J Hand Surg Am. 2009; 34:945–952.


 Dailiana, Z., Agorastakis, D., Varitimidis, S., et al. use of a mini-external fixator for the treatment of hand fractures. J Hand Surg Am. 2009; 34:630–636.


 Feehan, L. M., Basset, K. Is there evidence for early mobilization following an extraarticular hand fracture? J Hand Ther. 2004; 17:300–308.


 Freeland, A. E., Orbay, J. L. Extraarticular hand fractures in adults: a review of new developments. Clin Orthop Rel Res. 2006; 445:133–145.


 Geissler, W. B. Operative fixation of metacarpal and phalangeal fractures in athletes. Hand Clin. 2009; 25:409–421.


 Hardy, M. A. Principles of metacarpal and phalangeal fracture management: a review of rehabilitation concepts. J Orthop Sports Phys Ther. 2004; 34:781–799.


 Harris, A. R., Beckbenbaugh, R. D., Nettrour, J. F., et al. Metacarpal neck fractures: results of treatment with traction reduction and cast immobilization. Hand (N Y). 2009; 4:161–164.


 Henry, M. H. Fractures of the proximal phalanx and metacarpals in the hand: preferred methods of stabilization. J Am Acad Orthop Surg. 2008; 16:586–595.


 Hofmeister, E. P., Kim, J., Shin, A. Y. Comparison of 2 methods of immobilization of fifth metacarpal neck fractures: a prospective randomized study. J Hand Surg Am. 2008; 33:1362–1368.


 Jobe, M. T. Fractures and dislocations of the hand. In: Gustilo R.B., Kyle R.K., Templeman D., eds. Fractures and Dislocations. St. Louis: Mosby, 1993.


 Kawamura, K., Chung, K. C. Fixation choices for closed simple unstable oblique phalangeal and metacarpal fingers. Hand Clin. 2006; 22:278–295.


 Kozin, S. H., Thoder, J. J., Lieberman, G. Operative treatment of metacarpal and phalangeal shaft fractures. J Am Acad Orthop Surg. 2000; 8:111–121.


 Lee, S. G., Jupiter, J. B. Phalangeal and metacarpal fractures of the hand. Hand Clin. 2000; 16:323–332.


 Mall, N. A., Carlisle, J. C., Matava, M. J., et al. Upper extremity injuries in the National Football League: part I: hand and digital injuries. Am J Sports Med. 2008; 36:1938–1944.


 Ozer, K., Gillani, S., Williams, A., et al. Comparison of intramedullary nailing versus plate-screw fixation of extra-articular metacarpal fractures. J Hand Surg Am. 2008; 33:1724–1731.


 Peterson, J. J., Bancroft, L. W. Injuries of the fingers and thumb in the athlete. Clin Sports Med. 2006; 25:527–542.


 Ring, D. Malunion and nonunion of the metacarpals and phalanges. Instr Course Lect. 2006; 55:121–128.


 Singletary, S., Freeland, A. E., Jarrett, C. A. Metacarpal fractures in athletes: treatment, rehabilitation, and safe early return to play. J Hand Ther. 2003; 16:171–179.


 Sohn, R. C., Jahng, K. H., Curtiss, S. B., et al. Comparison of metacarpal plating methods. J Hand Surg Am. 2008; 33:316–321.


 Tavassoli, J., Ruland, R. T., Hogan, C. J., et al. Three cast techniques for the treatment of extra-articular metacarpal fractures. Comparison of short-term outcomes and final fracture alignments. J Bone Joint Surg Am. 2005; 87:2196–2201.


 Wong, T. C., Ip, F. K., Yeung, S. H. Comparison between percutaneous transverse fixation and intramedullary K-wires in treating closed fractures of the metacarpal neck of the little finger. J Hand Surg Br. 2006; 31:61–65.












Nerve compression syndromes





Cited References


 Carpal Tunnel Syndrome


 Atroshi, I., Hofer, M., Larsson, G. U., et al. Open compared with 2-portal endoscopic carpal tunnel release: a 5-year follow-up of a randomized controlled trial. J Hand Surg Am. 2009; 34:266–272.


 Boyd, K. U., Gan, B. S., Ross, D. C., et al. Outcomes in carpal tunnel syndrome: symptom severity, conservative management, and progression to surgery. Clin Invest Med. 2005; 28:254–260.


 Bury, T. F., Akelman, E., Weiss, A. P. Prospective, randomized trial of splinting after carpal tunnel release. Ann Plast Surg. 1995; 35:19–22.


 Cook, A. C., Szabo, R. M., Birkholz, S. W., et al. Early mobilization following carpal tunnel release. A prospective randomized study. J Hand Surg Br. 1995; 20:228–230.


 Finsen, V., Andersen, K., Russwurm, H. No advantage from splinting the wrist after open carpal tunnel release. A randomized study of 82 wrists. Acta Orthop Scand. 1999; 70:288–292.


 Gellman, H., Gelberman, R. H., Tan, A. M., et al. Carpal tunnel syndrome: an evaluation of provocative diagnostic tests. J Bone Joint Surg. 1986; 5:735.


 Green, D. Operative Hand Surgery, ed 3. New York: Churchill Livingstone, 1993.


 Keith, M. W., Masear, V., Chung, K., et al. Diagnosis of carpal tunnel syndrome. J Am Acad Orthop Surg. 2009; 17:389–396.


 Ludlow, K. S., Merla, J. L., Cox, J. A., et al. Pillar pain as a postoperative complication of carpal tunnel release: a review of the literature. J Hand Ther. 1997; 10:277–282.


 Martins, R. S., Siqueira, M. G., Simplicio, H. Wrist immobilization after carpal tunnel release: a prospective study. Arq Neuropsiquiatr. 2006; 64:596–599.


 Scholten, R. J., Minkvan der Molen, A., Uitdehaag, B. M., et al. Surgical treatment options for carpal tunnel syndrome. Cochrane Database Syst Rev. (4):2007. [CD003905].


 Szabo, R. M., Madison, M. Carpal tunnel syndrome. Orthop Clin North Am. 1992; 1:103.


 Vasiliadis, H. S., Xenakis, T. A., Mitsionis, G., et al. Endoscopic versus open carpal tunnel release. Arthroscopy. 2010; 26:26–33.











Further Reading





Carpal Tunnel Syndrome


 Botte, M. J. Controversies in carpal tunnel syndrome. Instr Course Lect. 2008; 57:199–212.


 Henry, S. L., Hubbard, B. A., Concanno, M. J. Splinting after carpal tunnel release: current practice, scientific evidence, and trends. Plast Reconstr Surg. 2008; 122:1095–1099.


 Ibrahim, T., Majid, I., Clarke, M., et al. Outcome of carpal tunnel decompression: the influence of age, gender, and occupation. Int Orthop. 2009; 33:1305–1309.


 Medina McKeon, J. M., Yancosek, K. E. Neural gliding techniques for the treatment of carpal tunnel syndrome: a systematic review. J Sport Rehabil. 2008; 17:324–341.


 Pomerance, J., Zurakowski, D., Fine, I. The cost-effectiveness of nonsurgical versus surgical treatment of carpal tunnel syndrome. J Hand Surg Am. 2009; 34:1193–1200.












Wrist and distal radioulnar joint disorders





Cited References


 Scaphoid Fractures


 Beeres, F. J., Rhemrev, S. J., den Hollander, P., et al. Early magnetic resonance imaging compared with bone scintigraphy in suspected scaphoid fractures. J Bone Joint Surg Br. 2008; 90:1205–1209.


 Modi, C. S., Nancoo, T., Powers, D., et al. Operative versus nonoperative treatment of acute undisplaced and minimally displaced scaphoid waist fractures—a systematic review. Injury. 2009; 40:268.








Radial Fractures


 Arora, R., Gabl, M., Gschwentner, M., et al. A comparative study of clinical and radiologic outcomes of unstable Colles type distal radius fractures in patients older than 70 years: nonoperative treatment versus volar locking plating. J Orthop Trauma. 2009; 23:237–242.


 Chung, K. C., Haas, A. Relationship between patient satisfaction and objective functional outcome after surgical treatment for distal radius fractures. J Hand Ther. 2009; 22:302–307.


 Koenig, K. M., Davis, G. C., Grove, M. R., et al. Is early internal fixation preferred to cast treatment for well-reduced unstable distal radial fractures? J Bone Joint Surg Am. 2009; 90:2086.


 Neidenbach, P., Audigé, L., Wilhelmi-Mock, M., et al. The efficacy of closed reduction in displaced distal radius fractures. Injury. 2010; 41:592–598.


 Rozental, T. D., Blazar, P. E., Franko, O. I., et al. Functional outcomes for unstable distal radial fractures treated with open reduction and internal fixation or closed reduction and percutaneous fixation. A prospective randomized trial. J Bone Joint Surg Am. 2009; 91:1837.











Further Reading





Scaphoid Fractures


 Beeres, F. J., Rhemrey, S. J., den Hollander, P., et al. Early magnetic resonance imaging compared with bone scintigraphy in suspected scaphoid fractures. J Bone Joint Surg Br. 2009; 90:1205.


 Martineau, P. A., Berry, G. K., Harvey, E. J. Plating for distal radius fractures. Hand Clin. 2010; 26:61.


 Yin, Z. G., Zhang, J. B., Kan, S. L., et al. Diagnosing suspected scaphoid fractures: a systematic review and meta-analysis. Clin Orthop Rel Res. 2009. [[Epub ahead of print]].












Radial Fractures





 Alffram, P. A., Bauer, G. C.H. Epidemiology of fractures of the forearm: a biomechanical investigation of bone strength. J Bone Joint Surg. 1962; 44A:158.


 Anderson, D. D., Bell, A. L., Gaffney, M. B., et al. Contact stress distributions in malreduced intraarticular distal radius fractures. J Orthop Trauma. 1996; 10:331.


 Fernandez, D. L. Acute and chronic derangement of the distal radio-ulnar joint after fractures of the distal radius. EFORT J. 1999; 1:41.


 Fernandez, D. L. Fractures of the distal radius: operative treatment. Instr Course Lect. 1993; 42:73.


 Fernandez, D. L., Geissler, W. B. Treatment of displaced articular fractures of the radius. J Hand Surg. 1991; 16A:375.


 Fernandez, D. L., Jupiter, J. B.Fractures of the distal radius. A practical approach to management. New York: Springer-Verlag, 1995.


 Kaempffe, P. A., Wheeler, D. R., Peimer, C. A., et al. Severe fractures of the distal radius: effect of amount and duration of external fixator distraction on outcome. J Hand Surg. 1993; 18A:33.


 Kozin, S. H. Early soft-tissue complications after fractures of the distal part of the radius. J Bone Joint Surg. 1993; 75A:144.


 Krischak, G. D., Krasteva, A., Schneider, F., et al. Physiotherapy after volar plating of wrist fractures is effective using a home exercise program. Arch Phys Med Rehabil. 2009; 90:537–544.


 Newport, M. L. Colles fracture: managing a common upper extremity injury. J Musculoskel Med. 2000; 17(1):292.


 Regain, D. S., Lincheid, R. L., Dobyns, J. H. Lunotriquetral sprains. J Hand Surg Am. 1984; 9:502–514.


 Simpson, N. S., Jupiter, J. B. Delayed onset of forearm compartment syndrome: a complication of distal radius fracture in young adults. J Orthop Trauma. 1995; 9:411.


 Talesnick, J., Watson, H. K. Midcarpal instability caused by malunited fractures of the distal radius. J Hand Surg. 1984; 9A:350.


 Tay, S. C., Tomita, K., Berger, R. A. The “ulnar fovea sign” for defining ulnar wrist pain: an analysis of sensitivity and specificity. J Hand Surg Am. 2007; 32:438–444.


 Trumble, T., Glisson, R. R., Seaber, A. V., et al. Forearm force transmission after surgical treatment of distal radioulnar joint disorders. J Hand Surg. 1987; 12A:196.


 Wei, D. H., Raizman, N. M., Bottino, C. J., et al. Unstable distal radial fractures treated with external fixation, a radial column plate, or a volar plate. A prospective randomized trial. J Bone Joint Surg Am. 2009; 91:1568.












Triangular fibrocartilage complex injury





Cited References


 Anderson, M. L., Larson, A. N., Moran, S. L., et al. Clinical comparison of arthroscopic versus open repair of triangular fibrocartilage complex tears. J Hand Surg Am. 2008; 33:675–682.


 Lester, B., Halbrecht, J., Levy, I. M., et al. “Press test” for office diagnosis of triangular fibrocartilage complex tears of the wrist. Ann Plast Surg. 1995; 35:41.


 McAdams, T. R., Swan, J., Yao, J. Arthroscopic treatment of triangular fibrocartilage wrist injuries in the athlete. Am J Sports Med. 2009; 37:291–297.


 Palmer, A. K. Triangular fibrocartilage complex lesions: A classification. J Hand Surg. 1989; 14A:594.


 Potter, H. G., Asnis-Ernberg, L., Weiland, A. J., et al. The utility of high-resolution magnetic resonance imaging in the evaluation of the triangular fibrocartilage complex of the wrist. J Bone Joint Surg. 1997; 79A:1675.


 Reagan, D. S., Linscheid, R. L., Dobyns, J. H. Lunotriquetral sprains. J Hand Surg Am. 1984; 9(4):502–514.











Further Reading





 Adams, B. D. Partial excision of the triangular fibrocartilage complex articular disc: biomechanical study. J Hand Surg. 1993; 18A:919.


 Ahn, A. K., Chang, D., Plate, A. M. Triangular fibrocartilage complex tears: a review. Bull NYU Hosp Jt Dis. 2007; 64:114–118.


 Atzel, A. New trends in arthroscopic management of type 1-B TFCC injuries with DRUJ instability. J Hand Surg Eur. 2009; 34:582–591.


 Byrk, F. S., Savoie, F. H.I. I.I., Field, L. D. The role of arthroscopy in the diagnosis and management of cartilaginous lesions of the wrist. Hand Clin. 1999; 15(3):423.


 Cooney, W. P., Linscheid, R. L., Dobyns, J. H. Triangular fibrocartilage tears. J Hand Surg. 1994; 19A:143.


 Corso, S. J., Savoie, F. H., Geissler, W. B., et al. Arthroscopic repair of peripheral avulsions of the triangular fibrocartilage complex of the wrist: a multicenter study. Arthroscopy. 1997; 13:78.


 Estrella, E. P., Hung, L. K., Ho, P. C., et al. Arthroscopic repair of triangular fibrocartilage complex tears. Arthroscopy. 2007; 23:729–737.


 Feldon, P., Terrono, A. L., Belsky, M. R. Wafer distal ulna resection for triangular fibrocartilage tears and/or ulna impaction syndrome. J Hand Surg. 1992; 17A:731.


 Fellinger, M., Peicha, G., Seibert, F. J., et al. Radial avulsion of the triangular fibrocartilage complex in acute wrist trauma: a new technique for arthroscopic repair. Arthroscopy. 1997; 13:370.


 Henry, M. H. Management of acute triangular fibrocartilage complex injury of the wrist. J Am Acad Orthop Surg. 2008; 16:320–329.


 Jantea, C. L., Baltzer, A., Ruther, W. Arthroscopic repair of radial-sided lesions of the fibrocartilage complex. Hand Clin. 1995; 11:31.


 Johnstone, D. J., Thorogood, S., Smith, W. H., et al. A comparison of magnetic resonance imaging and arthroscopy in the investigation of chronic wrist pain. J Hand Surg. 1997; 22B(6):714.


 Levinsohn, E. M., Rosen, I. D., Palmer, A. K. Wrist arthrography: Value of the three-compartment injection method. Radiology. 1991; 179:231.


 Loftus, J. B., Palmer, A. K. Disorders of the distal radioulnar joint and triangular fibrocartilage complex: an overview. In: Lichtman D.M., Alexander A.H., eds. The Wrist and Its Disorders. ed 2. Philadelphia: WB Saunders; 1997:385–414.


 Nagle, D. J. Triangular fibrocartilage complex tears in the athlete. Clin Sports Med. 2001; 20:155–166.


 Palmer, A. K., Glisson, R. R., Werner, F. W. Ulnar variance determination. J Hand Surg. 1982; 7A:376.


 Palmer, A. K., Werner, F. W. The triangular fibrocartilage complex of the wrist: anatomy and function. J Hand Surg. 1981; 6A:153.


 Palmer, A. K., Werner, F. W., Glisson, R. R., et al. Partial excision of the triangular fibrocartilage complex. J Hand Surg. 1988; 13A:403.


 Papapetropoulos, P. A., Ruch, D. S. Arthroscopic repair of triangular fibrocartilage complex tears in athletes. Hand Clin. 2009; 25:389–394.


 Pederzini, L., Luchetti, R., Soragni, O., et al. Evaluation of the triangular fibrocartilage complex tears by arthroscopy, arthrography and magnetic resonance imaging. Arthroscopy. 1992; 8:191.


 Peterson, R. K., Savoie, F. H., Field, L. D. Arthroscopic treatment of sports injuries to the triangular fibrocartilage. Sports Med Artho Rev. 1998; 6:262.


 Reiter, A., Wolf, M. B., Schmid, U., et al. Arthroscopic repair of Palmer 1B triangular fibrocartilage complex tears. Arthroscopy. 2008; 24:1244–1250.


 Roth, J. H., Haddad, R. G. Radiocarpal arthroscopy and arthrography in the diagnosis of ulnar wrist pain. Arthroscopy. 1986; 2:234.


 Sagerman, S. D., Short, W. Arthroscopic repair of radial-sided triangular fibrocartilage complex tears. Arthroscopy. 1996; 12:339.


 Savoie, F. H. The role of arthroscopy in the diagnosis and management of cartilaginous lesions of the wrist. Hand Clin. 1995; 11:1.


 Trumble, T. E., Gilbert, M., Bedder, N. Arthroscopic repair of the triangular fibrocartilage complex. Arthroscopy. 1996; 12:588.


 Viegas, S. F., Patterson, R. M., Hokanson, J. A., et al. Wrist anatomy: incidence, distribution and correlation of anatomic variations, tears and arthrosis. J Hand Surg. 1993; 18A:463.












De quervain tenosynovitis





Cited References


 Richie, C. A., 3rd., Briner, W. W., Jr. Corticosteroid injection for treatment of de Quervain's tenosynovitis: a pooled quantitative literature evaluation. J Am Board Fam Pract. 2003; 16:102–106.











Further Reading





 Edwards, E. G. deQuervain's stenosing tendo-vaginitis at the radial styloid process. South Surg. 1950; 16:1081.


 Fournier, K., Bourbonnais, D., Bravo, G., et al. Reliability and validity of pinch and thumb strength measurements in de Quervain's disease. Hand Ther. 2006; 19:2–10.


 Ilyas, A. M. Nonsurgical treatment for de Quervain's tenosynovitis. J Hand Surg Am. 2009; 34:928–929.


 Jackson, W. T., et al. Anatomical variations in the first extensor compartment of the wrist. J Bone Joint Surg. 1986; 68A:923.


 Kaneko, S., Takasaki, H., May, S. Application of mechanical diagnosis and therapy to a patient diagnosed with de Quervain's disease: a case study. J Hand Ther. 2009; 22:278–283.


 Kutsumi, K., Amadio, P. C., Zhao, C., et al. Finkelstein's test: a biomechanical analysis. J Hand Surg Am. 2005; 30:130–135.


 Lane, L. B., Boretz, R. S., Stuchin, S. A. Treatment of de Quervain's disease: role of conservative management. J Hand Surg Br. 2001; 26:258–260.


 Minamikawa, Y., Peimer, C. A., Cox, W. L., et al. deQuervain's syndrome: surgical and anatomical studies of the fibroosseous canal. Orthopaedics. 1991; 14:545.


 Peters-Veluthamaningal, C., van der Windt, D. A., Winters, J. C., et al. Corticosteroid injection for de Quervain's tenosynovitis. Cochrane Database Syst Rev. 2009. [CD005616].


 Peters-Veluthamaningal, C., Winters, J. C., Groenier, K. H., et al. Randomised controlled trial of local corticosteroid injections for de Quervain's tenosynovitis in general practice. BMC Musculoskelet Disord. 2009; 10:131.


 Scheller, A., Schuh, R., Hönle, W., et al. Long-term results of surgical release of de Quervain's stenosing tenosynovitis. Int Orthop. 2009; 33:1301–1303.


 Strickland, J. W., Idler, R. S., Creighton, J. C. Hand clinic deQuervain's stenosing tenosynovitis. Indiana Med. 1990; 83(5):340.


 Ta, K. T., Eidelman, D., Thomson, J. G. Patient satisfaction and outcomes of surgery for de Quervain's tenosynovitis. J Hand Surg Am. 1999; 24:1071–1077.


 Totten, P. A. Therapist's management of deQuervain's disease. In: Hunter J.M., ed. Rehabilitation of the Hand, Surgery and Therapy. St. Louis: Mosby, 1990.


 Wolf, J. M., Sturdivant, R. X., Owens, B. D. Incidence of de Quervain's tenosynovitis in a young, active population. J Hand Surg Am. 2009; 34:112–115.












Intersection syndrome of the wrist





Cited References


 Grundberg, A. B., Reagan, D. S. Pathologic anatomy of the forearm: intersection syndrome. J Hand Surg. 1985; 10A:299.


 Hanion, D. P., Muellen, J. R. Intersection syndrome. A case report and review of the literature. J Emerg Med. 1999; 17:969–971.


 Lee, R. P., Hatem, S. F., Recht, M. P. Extended MRI findings of intersection syndrome. Skeletal Radiol. 2009; 38:157–163.


 Tagliafico, A. S., Ameri, P., Michaud, J., et al. Wrist injuries in nonprofessional tennis players: relationships with different grips. Am J Sports Med. 2009; 37:760–767.











Further Reading





 Browne, J., Helms, C. A. Intersection syndrome of the forearm. Arthritis Rheum. 2006; 54:3028.


 Costa, C. R., Morrison, W. B., Carrino, J. A. MRI features of intersection syndrome of the forearm. AJR Am J Roentgenol. 2003; 181:1245–1249.


 Idler, R. S., Strickland, J. W., Creighton, J. J., Jr. Intersection syndrome. Indiana Med. 1990; 83:658–659.


 Maeseneer, M. D., Marcelis, S., Jager, T., et al. Spectrum of normal and pathologic findings in the region of the first extensor compartment of the wrist. J Ultrasound Med. 2009; 28:779–786.


 Rumball, J. S., Lebrum, C. M., Di Ciacca, S. R., et al. Rowing injuries. Sports Med. 2005; 35:537–555.












Dorsal and volar carpal ganglion cysts





Cited References


 Kang, L., Akelman, E., Weiss, A. P. Arthroscopic versus open dorsal ganglion excision: a prospective randomized comparison of rates of recurrence and of residual pain. J Hand Surg Am. 2008; 33:471.


 Mathoulin, C., Hoyos, A., Palaez, J. Arthroscopic resection of wrist ganglia. Hand Surg. 2004; 9:159.











Further Reading





 Dias, J. J., Chukaram, V., Kumar, P. The natural history of untreated dorsal wrist ganglia and patient reported outcome 6 years after intervention. J Hand Surg Eur. 2007; 32:502.


 Edwards, S. G., Johansen, J. A. Prospective outcomes and associations of wrist ganglion cysts resected arthroscopically. J Hand Surg Am. 2009; 34:395.


 Gude, W., Morelli, V. Ganglion cysts of the wrist: pathophysiology, clinical picture, and management. Curr Rev Musculoskelet Med. 2008; 1(3–4):205–211.


 Rocchi, L., Canal, A., Pelaez, J., et al. Results and complications in dorsal and volar wrist ganglia arthroscopic resection. Hand Surg. 2006; 11:21.


















2


Elbow Injuries


Robert C. Manske, PT, DPT, SCS, MEd, ATC, CSCS










PEDIATRIC ELBOW INJURIES IN THE THROWING ATHLETE: EMPHASIS ON PREVENTION


MEDIAL COLLATERAL LIGAMENT AND ULNAR NERVE INJURY AT THE ELBOW


TREATING FLEXION CONTRACTURE (LOSS OF EXTENSION) IN THROWING ATHLETES


POST-TRAUMATIC ELBOW STIFFNESS


TREATMENT AND REHABILITATION OF ELBOW DISLOCATIONS


LATERAL AND MEDIAL HUMERAL EPICONDYLITIS


ELBOW ARTHROPLASTY
















Pediatric Elbow Injuries in the Throwing Athlete: Emphasis on Prevention


Robert C. Manske, PT, DPT, SCS, MEd, ATC, CSCS, and Mark Stovak, MD








Introduction


Approximately 30 million children and teenagers participate in organized sports in the United States (Adirim and Cheng 2003). Despite the fact that sports are the leading cause of injury in adolescent athletes, it is estimated that more than half of those injuries are preventable (Emery 2003). Pain in the elbow is a common occurrence in young baseball players, especially pitchers. Table 2-1 lists possible differential diagnoses in adolescents with elbow pain. One study found that elbow pain in youth baseball pitchers was associated with multiple factors including age, weight, height, number of pitches thrown during the season, satisfaction with performance, fatigue, lifting weights, and playing outside of the league (Lyman et al. 2001). Studies have found that, during a season, 26% to 35% of youth baseball players have either shoulder or elbow pain, with self-reported shoulder pain in more than 30% of pitchers and elbow pain in more than 25% immediately following a game (Lyman et al. 2001, Lyman et al. 2002). The simple act of throwing is violent because of the stresses it places on the elbow. Because ligaments and muscles are attached to the bone at the medial elbow at a time when the secondary ossification centers are not fused, a traction apophysitis can occur when this growth plate is not able to withstand the forces placed on it. Conversely, compression on the lateral side of the elbow commonly is a cause for Panner's disease or osteonecrosis of the capitellum.




Table 2-1


Adolescent Elbow Pain Differential Diagnosis








	Locale

	Possible Diagnosis

	Age (years)










	Lateral

	Avascular necrosis of capitellum (Panner's)

	7–12






	 

	Osteochondritis dissecans

	12–16






	Medial

	Medial apophysitis (Little Leaguer's elbow)

	9–12






	 

	Medial collateral ligament strain/sprain

	All






	 

	Flexor/pronator strain

	All






	 

	Medial epicondyle avulsion

	<18






	 

	Ulnar neuritis

	All






	Posterior

	Olecranon apophysitis

	 






	 

	Olecranon (posterior) impingement

	 






	 

	Olecranon osteochondrosis

	 






	 

	Triceps/olecranon tip avulsions

	 






	Other

	Fracture

	All






	 

	Loose bodies

	>18






	 

	Synovitis

	All
























Little Leaguer's elbow


Little Leaguer's elbow is considered a host of elbow pathology in a young throwing athlete. The various types of injuries that can be considered Little Leaguer's elbow are listed in Table 2-2.




Table 2-2


Forms of Little Leaguer's Elbow


Medial epicondyle fragmentation


Medial epicondyle avulsion


Delayed apophyseal growth of medial epicondyle


Accelerated apophyseal growth of medial epicondyle


Delayed closure of the medial epicondylar apophysis


Delayed closure of the olecranon apophysis


Osteochondrosis of the capitellum


Osteochondritis of the capitellum


Osteochondrosis of the radial head


Osteochondritis of the radial head


Hypertrophy of the ulna


Olecranon apophysitis

















Medial tension injuries


Medial tension injuries most commonly include medial epicondylar apophysitis. With repetitive stress to the medial elbow in the throwing adolescent, the flexor pronator mass and the ulnar collateral ligament apply tensile forces that cause medial epicondyle apophysitis (Pappas 1982, Rudzki and Paletta 2004). This apophysitis is thought to occur rather than rupture of the ulnar collateral ligament (Joyce et al. 1995). Chronic attritional tears of the ulnar collateral ligament are fairly rare in adolescent athletes (Ireland and Andrews 1988). Despite this rarity, it appears that ulnar collateral injuries are increasing in high school athletes. Petty et al. (2004) reported that the percentage of high school athletes who required ulnar collateral ligament reconstruction in their center jumped from 8% between 1988 and 1994 to 13% between 1995 and mid-2003. Injuries to the ulnar collateral ligament in adolescent athletes generally occur as acute events, rather than through attrition as in older, more skeletally mature athletes.














Lateral compression injuries


Several conditions caused by compression of the lateral side of the elbow can occur in younger pitchers. Two of the more common are osteochondritis dissecans (OCD) and Panner's disease. Although traditionally these have been thought to be the same condition by some, they are separate entities. Osteochondritis is a localized condition involving articular cartilage that has separated from the underlying subchondral bone and is caused by repetitive trauma (Yadao et al. 2004). Panner's disease is a focal osteonecrosis of the entire capitellum seen primarily in boys aged 7 to 12 years old and is not associated with trauma (Yadao et al. 2004).














Posterior compression injuries


Whereas medial and lateral elbow pain occurs as a result of “valgus extension overload” during the late cocking–early acceleration phase of throwing, posterior pain occurs during the terminal phase of throwing as the elbow is locked into full extension. The synovium can be pinched in the olecranon when the elbow is in full extension, resulting in posterior impingement syndrome, or the posterior apophysis can be stressed by triceps traction, causing olecranon apophysitis (Crowther 2009).














Prevention


Parents and coaches need to take more control of players, especially those who are at risk. Unfortunately, these are most commonly the “better players,” which is why they may develop these problems to begin with. Petty et al. suggested that the risk of elbow problems in younger athletes can be reduced by following these guidelines:




1. Coaches and parents of young baseball players should be educated on the risks of overuse. These parents and coaches should follow the modified USA Baseball Medical and Safety Advisory Committee guidelines on pitch counts, innings thrown, and minimum rest, which are described in this section. Cox et al. (2009) found that coaches do not even fully understand USA baseball recommendations for their players.


2. Coaches and parents should be especially careful with young throwing athletes with the highest velocities and recognition as the team's or community's “best” or “star” pitcher.


3. Younger throwing athletes should take a 2- to 3-month rest from all throwing each year, doing shoulder and elbow exercises during this period.


4. A young pitcher should be wary of pitching back-to-back days or overthrowing at crucial portions of the season, especially in tournaments, playoffs, or showcases in which such overuse is tempting.


5. Throwing curveballs or breaking pitches before the age of 14 should be discouraged.


6. Throwing athletes should always perform an adequate warmup prior to pitching.





Several associations have provided recommendations regarding adolescent athletes and prevention of both elbow and shoulder problems. The American Academy of Pediatrics and USA Baseball each have guidelines regarding pitch counts. The American Academy of Pediatrics recommends limits of 200 pitches per week or 90 per outing, while the USA Baseball Medical and Safety Advisory Committee recommends a more stringent 75 to 125 pitches per week or 50 to 75 pitches per outing depending on age (Committee on Sports Medicine and Fitness, USA Baseball Medical and Safety Advisory Committee 2001).














USA baseball guidelines


USA Baseball has developed guidelines and recommendations in an effort to decrease the risk of elbow or shoulder injury in vulnerable adolescent athletes.








Pitch Counts


Pitch counts should be carefully monitored and regulated in adolescents. Recommended limits vary depending on age of the pitcher (Table 2-3).




Table 2-3


USA Baseball Recommended Pitch Counts










	Age (yrs)

	2006 USA Baseball Guidelines

	2010 Little League Baseball Regulations










	Daily limits






	17–18

	n/a

	105/day






	15–16

	n/a

	95/day






	13–14

	75/game






	11–12

	75/game

	85/day






	 9–10

	50/game

	75/day






	 7–8

	n/a

	50/day






	Weekly limits






	13–14

	125/wk; 1000/season; 3000/yr

	 






	11–12

	100/wk; 1000/season; 3000/yr






	 9–10

	75/wk; 1000/season; 2000/yr






	 7–18

	 

	



21–35 pitches: 1 day rest


36–50 pitches: 2 days rest


51–65 pitches: 3 days rest


66–pitches: 4 days rest



















[image: image]





American Sports Medicine Institute. http://www.asmi.org/asmiweb/position_statement.htm





Lyman et al. (2002) evaluated the association between pitch counts, pitch types, and pitching mechanics with shoulder and elbow pain in young pitchers. They found that more than half of 476 pitchers between the ages of 9 and 14 years of age had shoulder or elbow pain during a single season. Throwing a curveball was associated with a 52% increased risk of developing shoulder pain, and throwing a slider was associated with an 86% increased risk of elbow pain. They also found a significant relationship between the number of pitches thrown during a game and during a season and the rate of elbow pain and shoulder pain.


Additionally, pitchers 16 years of age or younger must adhere to the following rest requirements:




• If throwing 61 or more pitches in a day, 3 calendar days of rest must be observed.


• If throwing 41 to 60 pitches in a day, 2 calendar days of rest must be observed.


• If throwing 21 to 40 pitches in a day, 1 calendar day of rest must be observed.


• If throwing 1 to 20 pitches in a day, no calendar days of rest must be observed.





Pitchers 17 to 18 years of age should adhere to the following rest requirements:




• If throwing 76 or more pitches in a day, 3 calendar days of rest must be observed.


• If throwing 51 to 75 pitches in a day, 2 calendar days of rest must be observed.


• If throwing 26 to 50 pitches in a day, 1 calendar day of rest must be observed.


• If throwing 1 to 25 pitches in a day, no calendar days of rest must be observed.

















Pitch Types


Because the risk of injury from throwing breaking pitches is increased in the adolescent athlete, curveballs and sliders are not recommended (Lyman et al 2002). These pitches become even more problematic when the athlete does not exhibit adequate throwing mechanics. Recommended ages to learn types of pitches are listed in Table 2-4.
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