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    Preface





When I began this journey in the early 1970s, there were only four oral surgeons in the United States who considered themselves specialists dedicated to pediatric oral and maxillofacial surgery (OMS): William Grau at University of Cincinnati and Cincinnati Children’s Hospital, Robert Myall at University of Seattle and Seattle Children’s Hospital, Bruce Sanders at University of California Los Angeles, and myself at Boston Children’s Hospital (BCH). There was no formal recognition of this area of subspecialty in OMS.


At BCH, I was invited to be part of a multidisciplinary craniofacial center and to start a pediatric OMS service in a newly named Division of Plastic and Oral Surgery. This was made possible by a collaboration with Dr Walter Guralnick, chief of the Department of OMS at Massachusetts General Hospital (MGH), and Dr Joseph Murray, chief of the Division of Plastic Surgery at BCH.


Physicians, dentists, and other hospital staff did not know what an oral and maxillofacial surgeon would be doing in a children’s hospital. The dental department was started in 1933 and had pediatric dentistry and orthodontic residency programs, a busy outpatient clinic, and a long history of doing dental rehabilitations in the operating room, which included extractions and minor oral surgery procedures. However, I did not see my first private patient referral for approximately 3 months. My first operation was excision of a chronically infected submandibular gland resulting from sialolithiasis. When I arrived in the operating room, I was informed by the head nurse that she had cancelled my case because a dentist was not allowed to make skin incisions at BCH.


Despite the shaky start, it became evident after 6 months that there was a real need for OMS at BCH. Similarly, the pediatric practices of Drs Grau, Myall, and Sanders grew and became established. The scope of services included dentoalveolar and soft tissue procedures, maxillofacial infections, trauma, jaw tumors, salivary gland disease, temporomandibular disorders, orthognathic and craniofacial deformities, among others. Prior to my arrival, the intraoral soft tissue pathology and salivary gland problems at BCH were handled by the general pediatric surgeons, and facial trauma and jaw tumors were managed by Dr Murray. They were happy to have an oral and maxillofacial surgeon at the hospital to also see these patients. Dr Guralnick started assigning each OMS chief resident to rotate at BCH for 3 months. Eventually this became a 6-month rotation that was fully integrated into the OMS program during the chief resident year. Dr Murray secured a permanent slot for an OMS resident at BCH, and after 2 years, we recruited a second oral surgeon, Dr Robert Chuong. I continued my interest in pediatric OMS and craniofacial surgery during my tenure as Professor and Chairman of OMS at University of California San Francisco from 1984 to 1994. When I returned to MGH and Harvard in 1994 as the WC Guralnick Professor and Chairman of the Harvard Department of OMS, I established a Division of Pediatric OMS at MGH, collaborated with the Division of Plastic Surgery to establish a cleft and craniofacial clinic at the Shriner’s Hospital, and started a pediatric OMS clinical and research fellowship. I also enthusiastically supported the growth of OMS at BCH.


I am proud to say that the current Department of Plastic and Oral Surgery at BCH has four full-time oral and maxillofacial surgeons who are members of the Harvard academic department. Bonnie Padwa serves as the Oral and Maxillofacial Surgeon-in-Chief as well as the Leonard B. Kaban Chair in OMS at BCH. The growth of OMS at BCH and at other hospitals around the country has resulted in a recognition of this subspecialty.


More recently, the American Association of Oral and Maxillofacial Surgeons (AAOMS) and the Commission of Dental Accreditation have approved fellowships leading to certificates of advanced training. At the 2022 annual meeting of the AAOMS there was a full-day preconference symposium on pediatric and craniofacial surgery, highlighting seven of the current pediatric and craniofacial fellowships in the United States. The increased number of pediatric oral and maxillofacial surgeons and the advent of fellowship training have resulted in further advances and expansion of the clinical scope of OMS as well as an increase in scholarly activity and research.


Therefore, this new book, Oral and Maxillofacial Surgery in Children, is long overdue. Since OMS is a specialty based on anatomical region, most oral surgeons treat children, at least occasionally. This book was written to provide a reference for surgeons, residents, and students in the principles of diagnosis and management of pediatric OMS problems encountered in the setting of office and hospital practice. The differences between children and adults are emphasized as well as the unique nature of pediatric management because of the “fourth dimension,” ie, time and growth. OMS in children is primarily problem based and it is not meant to be a detailed technical atlas of specific procedures.


For this book, I have invited many new contributors and addressed topics that have not been covered in my past books, including, contemporary pediatric outpatient sedation and anesthesia in the oral surgery office, vascularized skeletal and soft tissue reconstruction, obstructive sleep apnea in children, acquired TMJ deformities with expanded sections on juvenile idiopathic arthritis and idiopathic condylar resorption, midfacial trauma, craniosynostosis, microtia and ear reconstruction. advances in imaging, 3D treatment planning, custom surgical guides, and fixation implants. Taken together, this book covers much of the scope and range of current OMS, and I hope it will guide many who are on this journey too.
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Molecular Genetics and Syndrome Recognition for the Clinician


Joan M. Stoler





Why is knowledge of genetics important? During the last century, physicians have made great strides in treating infectious diseases and lowering associated morbidity and mortality. Advances have also been made in the management of medical conditions such as hypertension, diabetes mellitus, and heart disease. There have been significant improvements in the surgical management of disease, such as transplantation and repair of congenital and acquired facial deformities. In some ways, the last frontier is the field of genetics. Understanding the role of genes in the pathogenesis of anatomical and physiologic abnormalities will aid in diagnosis and the development of rational treatments. Genetic disorders accounted for 5% of pediatric admissions in a general hospital and 34% of deaths in a children’s hospital series. In a neonatal intensive care unit, 28% of deaths were due to malformations or genetic disorders.1–3 Understanding the etiology of such disorders and devising new methods of prevention and treatment would be of enormous benefit.


The “New Genetics”


There has been an explosion in genetic knowledge with the ability to examine almost all human genetic information by exome or genome analysis. The identification of specific genes responsible for many diseases has become a reality. In some cases, such identification has led to a better understanding of the pathophysiology of a disorder, and hopefully, in the future, genetic diagnosis will result in targeted treatment. The identity and the roles of genes responsible for various disorders inherited in the classical Mendelian patterns (eg, autosomal recessive, autosomal dominant, X-linked) have been documented. Similarly, genes responsible for multifactorial or complex inherited disorders have also been discovered. Congenital diseases that have traditionally been labeled as multifactorial, such as cleft lip and palate, may represent abnormalities in genes which confer susceptibility to exogenous influences, thereby leading to development of the disorder.4 Acquired conditions such as cancer have been found to have a specific genetic basis with accumulation of somatic (non-germline) mutations over time. Advances have been made in understanding the underlying pathogenesis of nontraditional types of inheritance, such as imprinting (in which the expression of a gene depends upon the parent of origin) and anticipation (in which the disorder becomes more severe in subsequent generations due to expansion of a series of nucleotide repeats in a gene).


Next-generation sequencing


Many of the recent advances in genetics have resulted from the development of next-generation sequencing. This is a high-throughput technique, making use of massive parallel sequencing, which has made multigene panels, exome, and whole genome testing possible.5


A short primer on molecular genetics


Genes are the basic unit of heredity and are composed of molecules of deoxyribonucleic acid (DNA). They are located on chromosomes, which are the physical structures transmitted in the sperm and ovum. Most of the DNA on chromosomes does not code for specific genes. The genes themselves are composed of various compartments and regulatory elements needed for the machinery of transcription. Exons and introns are two examples of such elements. Exons contain the exact sequence needed to make a protein. A gene is transcribed into messenger RNA (mRNA) in the nucleus of the cell. The mRNA then leaves the nucleus and enters the cytoplasm. It contains the exact sequence for making the protein but lacks the intron component of the gene. The introns are removed after transcription of the RNA through a precise process called splicing. The mRNA is then translated into the respective protein.6 Mistakes affecting the production, composition, and activity of the protein may occur at various levels, from a single base pair change to duplication or deletion of whole genes, parts of chromosomes, and whole chromosomes.


Birth Defects


Birth defects are a common cause of morbidity and mortality, with an incidence in the newborn period ranging from 1% to 4% depending on the population analyzed.7 The method and time period of ascertainment and the definition of a malformation also affect the reported incidence.8 With age, the rate of diagnosis rises, doubling by 1 year of age, and tripling by school age.7 It is known that low birth weight, twinning, and consanguinity are all associated with an increased frequency of birth defects.9–11 In addition, male sex is associated with an increased frequency of many, but not all, malformations.12 The etiologies of birth defects are classified as chromosomal disorders, single-gene disorders, genetic disorders resulting from teratogens, and multifactorial conditions (combinations of genes and environmental factors).


Chromosomal disorders


Abnormalities in chromosome number and structure result in significant pathology. A normal karyotype consists of 46 chromosomes, divided into 23 pairs: 22 autosomal and 1 sex chromosome pair (either XX or XY). Normally, an individual receives one copy of each chromosome from each parent. Abnormal division of a chromosome pair (nondisjunction) can occur during meiosis or during mitosis (after fertilization). Mosaicism, ie, some cells with a normal chromosome number and others with an extra chromosome, occurs as a result of abnormal division during mitosis. Theoretically, an extra copy of any chromosome pair (trisomies) can occur, but most of these affected embryos abort spontaneously. Only a few trisomies are compatible with a liveborn infant, as follows:


• Trisomy 21 (Down syndrome; Fig 1-1a)


• Trisomy 13


• Trisomy 18 (Fig 1-1b)


• 47, XXY (Klinefelter syndrome)


• 47, XXX


• 47, XYY
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Fig 1-1 (a) Female karyotype with trisomy 21. The arrow indicates the extra chromosome 21. Note the presence of 2 X chromosomes and no Y chromosome, indicating it is a female. (b) Female karyotype with trisomy 18. The arrow shows the presence of three copies of chromosome 18.





These are usually associated with advanced maternal age, and the features differ according to the chromosome involved.


Monosomy (one missing chromosome) has only been reported for the sex chromosomes, as fetuses with other monosomies are nonviable. Turner syndrome (45, X) has a high in-utero mortality rate, but some fetuses do survive (Fig 1-2). In general, 45, X is not associated with advanced maternal age. The X chromosome is of maternal origin in the majority of cases (70%), indicating that the paternal copy was lost.13
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Fig 1-2 Turner syndrome. (a) Infant with Turner syndrome with widespread nipples and mild pectus excavatum. (b) Right eyelid ptosis and epicanthal folds. (c) Low posterior hairline and redundant skin of neck. (d) Low-set ears and lymphedema in upper extremity and hand. (Photographs courtesy of Dr Angela Lin, Massachusetts General Hospital for Children.)





Structural chromosomal abnormalities, such as deletions, duplications, and rearrangements (eg, translocations, inversions) also occur. Deletions and duplications may be visible microscopically (seen with the usual method of performing a karyotype) or at a submicroscopic level using a chromosomal microarray.


A very common deletion is located on the long arm of chromosome 22 (22q11). This results in velocardiofacial syndrome (VCFS) and DiGeorge sequence (absent thymus and parathyroids, micrognathia, and heart abnormalities). The features are varied and include cleft palate, Pierre Robin sequence or velopharyngeal insufficiency in the absence of a cleft, conotruncal heart defects, learning disabilities, psychiatric problems, DiGeorge sequence, and a characteristic facial appearance (Fig 1-3).
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Fig 1-3 A 3-year-old girl with velocardiofacial/DiGeorge syndrome. The characteristic features of this syndrome include rectangular-shaped nose, low-set ears, micrognathia (mild in this child), and long tapered fingers (left hand here). Patients also have cleft palate, velopharyngeal insufficiency, thymic aplasia, and cardiac anomalies.





Duplications of parts or regions of chromosomes result in different phenotypes. Cat eye syndrome is caused by tetrasomy (four copies) of chromosome 22 material with two copies present as an additional small chromosome pair. The clinical features include coloboma of the iris, anal atresia with fistula, down-slanting palpebral fissures, ear abnormalities including tags and pits, heart and kidney malformations, and mild intellectual impairment (Figs 1-4 and 1-5).
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Fig 1-4 Child with cateye syndrome exhibiting iris colobomas bilaterally.
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Fig 1-5 (a to e) Photographs of a 4-year-old girl with cateye syndrome and bilateral craniofacial microsomia. Her problems include 22q11 tetrasomy, anal atresia and fistula, single kidney, total anomalous pulmonary venous return, submucous cleft palate, low-set ears, multiple ear tags, abnormal external ear morphology, epibulbar dermoids (OD at 7 o’clock at iris and OS at 6 o’clock), hearing loss, micrognathia, syndromic Pierre Robin sequence, severe mandibular asymmetry with bilateral craniofacial microsomia with type III mandible on left and type II mandible on right, VII nerve weakness, and right marginal mandibular and buccal branches (illustrated in smiling photograph).





Single-gene disorders


Single-gene disorders are caused by one abnormal gene and are inherited in the traditional Mendelian patterns: autosomal dominant, autosomal recessive, X-linked recessive, and X-linked dominant. Mutations in the responsible gene result in abnormal quantity or function of the protein. There may be a single-point mutation (changing one nucleotide for another), insertion of one or more nucleotides, deletion of one or more nucleotides, or expansion of a portion of a gene or other rearrangements within the gene. Depending on the site of the mutation, the coded protein may not be produced at all or may have altered activity or stability. The configuration of the protein may be changed, resulting in alteration of the protein’s activity (higher or lower activity).


Autosomal dominant disorders are the result of one abnormal copy of a gene on any of the 22 non-sex chromosome pairs. Each child of an individual with an autosomal dominant disorder has a 50% chance of inheriting the abnormal gene and exhibiting the phenotype (Fig 1-6). In many cases, there is no family history of the disorder, and it may represent a new mutation in the affected individual. Therefore, the absence of a positive family history does not exclude an autosomal dominant disorder. Typically, autosomal dominant conditions involve structural proteins or receptors. There may be phenotypic variability within families, with different degrees of expression (variable expressivity). For example, a very mildly affected parent may have a child who is more severely affected. Treacher Collins syndrome is a common craniofacial disorder with incomplete penetrance and variable expressivity (Figs 1-7 and 1-8). The mechanism of this phenomenon is not well understood. However, in some disorders (such as myotonic dystrophy), there may be an expansion of the portion of the gene that affects function. Such expansions may increase in subsequent generations, leading to expression of the disorder (such as with Fragile X syndrome) or of increased severity of expression (called anticipation), such as that seen with myotonic dystrophy. Penetrance is the proportion of individuals with the abnormal gene who show any features of the condition. For example, a disorder may have complete penetrance in which all the individuals with the abnormal gene show features. Conversely, a disorder has incomplete penetrance when not all individuals with the abnormal gene exhibit characteristics of the condition.
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Fig 1-6 Autosomal dominant pedigree. Each child (male or female) of an affected individual has a 50% chance of inheriting the abnormal copy of the gene and of being affected. Note the multigenerational involvement.
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Fig 1-7 Mother and daughter with Treacher Collins syndrome (autosomal dominant TCOF1 gene). Offspring of a parent with an autosomal dominant disorder have a 50% chance of inheriting the abnormal gene. Frontal photographs demonstrate downturned lateral canthi, zygomatic hypoplasia, soft tissue colobomas, lower eyelids, and lateral facial clefts.







[image: ]


Fig 1-8 Treacher Collins is an autosomal dominant disorder with incomplete penetrance and variable expressivity. This set of photographs demonstrates the variable expressivity of the disorder. (a and b) A girl with severe involvement of the orbits, eyelids, midfacial soft tissue, mandible, and ears. (c and d) A boy with moderate orbital and periorbital soft tissue abnormalities and mild ear and mandibular deformities. (e and f) A 4-year-old boy with lack of eyelashes in the medial third of the lower eyelids, soft tissue clefts over the right and left zygomas, zygomatic hypoplasia, low-set ears with abnormal morphology, conductive hearing loss, mandibular retrognathism, and short posterior face height. He has obstructive sleep apnea refractory to tonsillectomy and adenoidectomy. (g and h) A 15-year-old girl with missing eyelashes in the medial third of lower eyelids, absent zygomatic arches, maxillary hypoplasia, beaked nose, and minimal mandibular hypoplasia. (i and j) An 8-year-old girl with a symmetric forehead. The lateral canthi are downturned. The malar eminences are hypoplastic and flat. She has no coloboma. She has complete eyelashes along the entire lower eyelids. The external ears are small and low set. The nose is prominent. The mandible is retrognathic. The anterior lower face height is very long and the posterior face height short; the chin to throat distance is one fingerbreadth at most.





An autosomal recessive condition is the result of two copies of the abnormal gene, one inherited from each parent. The parents each have one normal and one abnormal copy and are therefore asymptomatic carriers. A carrier couple has a 25% risk of having an affected male or female child in each pregnancy (Fig 1-9). Typically, autosomal recessive conditions involve synthesis of enzymatic proteins. These enzyme deficiencies result in inborn errors of metabolism as well as malformation syndromes. For example, Smith-Lemli-Opitz syndrome, which consists of microcephaly, cleft palate, a characteristic facial appearance, cardiac defects, ambiguous genitalia in the male, postaxial polydactyly and syndactyly of toes, growth retardation, and intellectual disability, is due to an abnormality in cholesterol metabolism.14
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Fig 1-9 Autosomal recessive pedigree. Each parent has one normal and one abnormal copy of the gene and is an unaffected carrier. Each child (male or female) has a 25% risk of inheriting the two abnormal copies of the gene and of being affected.





X-linked disorders, as the name implies, are due to abnormal genes located on the X chromosome. In general, males with X-linked disorders are more symptomatic than females. A female who has one copy of an X-linked recessive gene may have only mild or no signs, while the male expresses the full condition. This differential expression is due to X-inactivation. One of the X chromosomes in the female becomes inactivated early in development. In contrast, a female with an X-linked dominant disorder is symptomatic, although usually less than males. Some X-linked dominant disorders, such as Rett syndrome and incontinentia pigmenti, are typically lethal in males. With X-linked inheritance, male-to-male transmission is not possible, as a male receives the X chromosome from the mother. Each son of a carrier mother has a 50% chance of inheriting the abnormal gene and a 50% chance of inheriting the normal gene. Each daughter has a 50% chance of inheriting the abnormal gene (carrier) and a 50% chance of inheriting the normal gene (Fig 1-10). The Y chromosome is passed from father to son only. Therefore, a male with an X-linked disorder who can reproduce will pass on the abnormal X chromosome to each of his daughters, and they will be carriers. None of his sons will inherit the abnormal gene. The affected male can have affected grandsons (via the daughter), but his sons cannot. Hemophilia is a classic example of X-linked inheritance.
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Fig 1-10 X-linked pedigree. There is no male-to-male transmission. Females are carriers.





Nontraditionally inherited disorders


Mitochondrial inheritance


Mitochondria are the energy organelles of human cells and contain their own DNA. Mitochondrial DNA can be inherited in two ways: (1) from genes which are encoded in the nucleus (as part of the nuclear genome), or (2) from genes which are located in the mitochondria themselves (the mitochondrial genome). Abnormalities inherited from the nuclear genome follow the usual Mendelian modes of inheritance. Abnormalities of genes located in the mitochondrial genome typically follow a maternal pattern of inheritance. This is because the mitochondrial genome is located in the mitochondria present in the cytoplasm of the oocyte. Very few mitochondria are derived from DNA in the sperm6 (Fig 1-11). A woman may have mutations in a small number of mitochondria, producing a variable proportion of mitochondria with mutated DNA in her oocytes. The degree of phenotypic expression from these mutated mitochondria depends on the proportion of mutated and normal mitochondria present in the fertilized egg.
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Fig 1-11 Mitochondrial inheritance pedigree. Abnormalities in the mitochondrial DNA follow a maternal pattern of inheritance.





Multifactorial inheritance


Some conditions do not exhibit the traditional Mendelian inheritance patterns. In these disorders, it is thought that multiple genes and/or significant environmental interactions are responsible.


Imprinting


Some gene functions are dependent on whether the gene is inherited paternally or maternally. Such genes may only be active if inherited from the mother or the father. The inactivation of such imprinted genes is through an epigenetic process called methylation. Disorders which are due to imprinting include Prader-Willi syndrome, Angelman syndrome, and Beckwith-Wiedemann syndrome.


Epigenetics


This refers to modification of the DNA that may affect the expression of the gene but does not alter the actual DNA sequence and may occur over time. Imprinting is one form of epigenetic modification. Such modifications are typically reset during formation of gametes. Other types of epigenetic processes include histone modification by acetylation or deacetylation and noncoding RNA (through binding to mRNA and affecting translation).15


Syndrome Recognition for the Clinician


As genes are identified and assigned to specific disorders, DNA-based diagnostic testing is becoming a realistic possibility for a variety of conditions. However, there is often a lag time between identification of a gene and clinical correlation. The explosion of genetic information and the rapid rate of identification of new genes have made it near impossible for the non-geneticist to remain current and completely informed. Consultation with a clinical geneticist is therefore imperative.


A syndrome is defined as “a pattern of malformations that occur together from a single cause.”16 A major role of the clinical geneticist is to determine whether a child with a particular anomaly has a syndrome or whether the anomaly is an isolated finding. This helps to determine testing options, prognosis, medical problems to anticipate, possible treatments, and recurrence risks for other family members. The geneticist obtains a careful and detailed medical and family history. The patient and, in some cases, other family members undergo a physical examination, laboratory evaluation, and follow-up counseling and management.


Review of medical history


Details regarding the pregnancy, delivery, newborn period, and childhood should be obtained from the parents. A particularly important issue is the maternal drug history during pregnancy, since certain medications are known to be teratogenic. For example, warfarin taken during the first trimester is associated with significant nasal hypoplasia. It should be determined whether any prenatal testing, such as chorionic villus sampling, amniocentesis, or ultrasound was done. This is important to determine what information was available prenatally and whether any untoward complications occurred from any procedures. For example, chorionic villus sampling has been implicated in the etiology of transverse limb and several other vascular disruption defects (gastroschisis, intestinal atresia, and clubfoot).17 Obstetrical issues such as bleeding, trauma, intrauterine growth retardation, oligohydramnios or polyhydramnios, or decreased fetal movements are also important. A child with a malformation and intrauterine growth retardation may be more likely to have an underlying syndromic etiology for the defect. Decreased fetal movements may indicate an underlying neurologic or neuromuscular problem. The type of delivery, complications during delivery, birth parameters, and the baby’s feeding history should be recorded. For example, an infant with a cleft palate and a small head should be evaluated for an underlying disorder of multiple systems.


Any developmental or cognitive difficulties should be noted. Growth history, with examination of growth curves (appropriate to gender and ethnic background, if available), is essential. Hospitalizations, operations, or frequent illnesses must be documented. Episodic illnesses may lead the clinician to pursue a metabolic etiology. Previous laboratory data should be reviewed.


Family history


This should include details about other siblings, parents, grandparents, and cousins. Specific questions are asked about recurrent miscarriages; stillbirths; neonatal deaths; and family members with birth defects, intellectual disability, and learning difficulties. The family’s ethnic background should be noted because certain conditions are more common in specific ethnic groups. Consanguinity must be determined since this increases the risk of birth defects and the chance of rare autosomal recessive disorders.


A number of key points are important when analyzing a family history18:


• A negative family history does not eliminate the possibility of a genetic disorder. The disorder may be autosomal recessive and multigenerational involvement would not be expected, or it could be secondary to a new autosomal dominant mutation.


• An attempt should be made to identify other high-risk family members and to determine if they have any resemblance to the affected child. Previously unrecognized affected relatives may be discovered because of variable expressivity.


• For male children, the presence of similarly affected males on the maternal side suggests X-linked inheritance. However, the absence of any other affected males does not eliminate the possibility of X-linked inheritance with the mother as the carrier.


Physical examination


The physical examination is detail-oriented and comprehensive, and specific features may also be assessed in the parents. Careful measurements of height/length, weight, and head circumference are done and are plotted on appropriate growth curves. If a disorder of growth and/or the skeleton is suspected, arm span and upper and lower segments are measured. Major and minor anomalies and normal variants are noted. Minor anomalies may not be of significance, but they may provide clues to the diagnosis.18,19 Specific details about the examination are described in Table 1-1.





Table 1-1 Components of a genetic physical examination





	

System




	

Feature assessed













	

General




	

Size, body proportions, general appearance









	

Skin/hair




	

Pigmentation, hair distribution and texture, and the presence of any lesions or birthmarks


Comparison made to the pigmentation of family members









	

Head size and shape




	

Asymmetry, possible sutural synostosis, microcephaly, macrocephaly









	

Eyes




	

Slant, size, placement, morphology of irises


Measure palpebral fissures, innercanthal, outercanthal, interpupillary distances









	

Ears




	

Shape, size, location, ear lobe creases, ear pits, tags, morphology









	

Nose




	

Shape, configuration of nasal bridge, root, columella, nares









	

Mouth




	

Vermilion, shape, dentition, palate, uvula









	

Philtrum




	

Length, groove









	

Chin




	

Size, position









	

Neck




	

Webbing, masses, sinuses, pits, thyroid









	

Chest




	

Heart auscultation, symmetry, pectus excavatum, pectus carinatum, placement of nipples









	

Abdomen




	

Hepatosplenomegaly, masses, scars









	

Extremities




	

Size, symmetry, configuration of hands, feet, nails, creases


Range of motion of distal and proximal joints, pes planus, pes cavus, syndactyly









	

Back




	

Curvature, lesions









	

Neurologic




	

Developmental status, cranial nerves, motor tone, motor strength, gait, cerebellar function, reflexes












In cases of facial dysmorphism, the individual is compared to other family members at the same age to assess for familial resemblance. The presence of certain anomalies may serve as clues to the diagnosis. These anomalies may be minor themselves, but they are highly correlated with a specific diagnosis.18 For example, pits (depressions in the skin) in various locations are often clues to the diagnosis. Lower lip pits are associated with van der Woude syndrome, (an autosomal dominant disorder consisting of cleft palate and lip pits) or Kabuki syndrome (a disorder with a particular facial appearance including long palpebral fissures with lower eyelid eversion, other birth defects, short stature, and intellectual disability). Pits and creases on the back of the external ear should make one think of Beckwith Wiedemann, an overgrowth syndrome. Palmar pits are associated with basal cell nevus syndrome. The presence of more than one malformation or a malformation in association with a minor anomaly may give clues to a specific diagnosis.19


A clinical geneticist should recognize and document the pattern of anomalies in various disorders based on clinical experience, review of the literature, or use of various databases such as POSSUM (Pictures of Standard Syndromes and Undiagnosed Malformations https://www.possum.net.au), the London Medical Databases, and OMIM (Online Mendelian Inheritance in Man, https://www.ncbi.nlm.nih.gov/omim). Another strategy geneticists employ is to concentrate on the most unusual feature and to determine what conditions are associated with it. In addition, the geneticist must consider the variable expressivity of certain disorders and be open to exploring a range of possibilities.


Laboratory and testing methods


After the geneticist has formulated a differential diagnosis or suspects a specific diagnosis, laboratory testing is performed.


In the case of a specific genetic disorder, it must be determined if the problem is at the chromosomal level or if it is a single-gene disorder. In chromosomal disorders, there is a deletion or duplication of a particular chromosome or chromosomal segment. These disorders are evaluated by a karyotype (see Fig 1-1) or by chromosomal microarray. A karyotype looks at the microscopic structure of the chromosomes. It is indicated if there is concern for trisomies or aneuploidies (eg, Down syndrome, trisomy 18, trisomy 13, Turner syndrome), mosaic aneuploidies, or a chromosomal rearrangement when there is a history of multiple miscarriages.


A karyotype involves cell culture. Cells are harvested, fixed, and stained for mitoses. The specimen is then examined under a microscope (Fig 1-12). A karyotype can be performed on white blood cells from a peripheral blood sample and fibroblasts from skin. It is useful for detection of small missing or extra pieces of chromosomes.
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Fig 1-12 Karyotype technique. Cells are cultured, harvested, fixed, and stained. The mitoses are then examined microscopically.





Deletions and duplications are better defined using a chromosomal microarray. This hybridization technique uses a single nucleotide as a probe and evaluates all of the chromosomes.20 It can detect copy number variants, including deletions and duplications of variable sizes, and can also detect areas of homozygosity (where portions of both members of the chromosome pair are identical). This can reflect consanguinity or uniparental disomy (where both members or parts of both members of the chromosome pair come from one parent).21 A chromosomal microarray may also indicate a potential recessive disorder within the area of homozygosity.22 A chromosomal microarray cannot detect chromosomal rearrangements or changes in single genes (other than if a gene is deleted). A copy number variant can be pathogenic (known to be associated with a condition), benign, or of uncertain significance (in which there are not enough data available to assign it being either benign or pathogenic).23 A chromosomal microarray is considered the first-line test for individuals with multiple congenital anomalies, autism, or intellectual disability.24 While a chromosomal microarray looks at all of the chromosomes, FISH (fluorescent in situ hybridization) or MLPA (multiplex ligation-dependent probe amplification) can be used for targeted microdeletions or microduplications. The FISH technique requires additional steps to hybridize fluorescent-labeled DNA probes to specific areas on the gene25 (Fig 1-13). MLPA is a PCR-based (polymerase chain reaction) technique that amplifies a specific DNA segment. For example, specific testing for 22q11 deletion syndrome can be done using either the appropriate FISH probe or MLPA.
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Fig 1-13 (a) FISH technique. Fluorescent-labeled DNA probes are hybridized to specific chromosomal segments only. (b) FISH image of 22q11.2 deletion. One probe labels chromosome 22 and both chromosomes 22 fluoresce. The other probe is specific to the 22q11.2 segment, and only one of the chromosomes 22 fluoresces in that area (arrow). The normal chromosome 22 shows two areas of fluorescence.





If the condition is a single-gene disorder, then the clinician must determine if the responsible gene has been identified. For some conditions, only one gene is known to cause the disorder, and specific gene sequencing and deletion/duplication analysis can be done. If there is genetic heterogeneity, in which different genes can cause the same disorder, a multigene panel may be best.26 Variants in genes can be detected and are graded (ie, benign, likely benign, uncertain significance, pathogenic, or likely pathogenic) according to specific guidelines.27


What would be the next step for diagnosis? When the clinical diagnosis is unknown, whole exome sequencing (WES) may be indicated to analyze those genes that code for proteins (approximately 1% of the total DNA). WES is done using NGS (next-generation sequencing) and generates multiple copies of the genes, which are then analyzed using bioinformatics techniques. It has been reported that 25% of these cases have been diagnosed using WES,28 with even higher diagnostic yields in select populations.29 In addition, new genes for known conditions and new conditions have been discovered. Limitations of WES are that not every gene is analyzed equally, deletions and duplications may be missed, and disorders due to methylation abnormalities and expanded repeats will not be detected. Typically, this testing is done using a trio (proband and both parents). Therefore, the possibility of misattributed parentage must be addressed during counseling and consent for this testing.


Whole genome sequencing analyzes more of the genome but is limited in its availability and may detect more variants of uncertain significance. With such wide analysis using these techniques, genes for conditions other than the indication for testing may be found. In fact, the American College of Medical Genetics has recommended a list of genes (secondary findings) that are considered medically actionable and that should be identified when possible. Such genes include those for inherited cancer syndromes, connective tissue disorders, and inherited cardiomyopathies.30 However, individuals may opt in or opt out for the secondary findings. These tests help confirm a clinical diagnosis and help guide the geneticist in management of the patient and family. Furthermore, location of a specific mutation facilitates prenatal diagnosis and identification of at-risk family members.


There are some concerns about genetic testing. DNA analysis of pre-symptomatic individuals may have adverse effects on their insurability. There is the Genetic Information Nondiscrimination Act, which prohibits genetic discrimination in health insurance and employment. However, there is no protection for life, disability, or long-term insurance.


Testing individuals for a late-onset disease for which there is no treatment is controversial. While testing for some autosomal dominant disorders, other family members with the disease may be identified against their wishes. For example, a man seeks testing for an adult-onset autosomal dominant disorder, which his grandfather had. His own parent has not shown signs of the disorder and has not been tested. If the man’s test is positive, then his parent can also be assumed to have the disease. The parent may not wish to know this, which poses an ethical dilemma. Geneticists try to counsel their patients extensively about these issues prior to testing. Such counseling should be part of the decision-making process.


Metabolic studies such as analysis of amino acids, organic acids, and lysosomal enzymes are ordered in certain circumstances. This testing is based on the signs and symptoms, such as episodic illnesses, food avoidance, the cyclical nature of the symptoms (if applicable), regression, and deterioration of mental state.


Common syndromes with facial deformity


Branchiootorenal spectrum disorder


Branchio-oto-renal (BOR) spectrum disorder is also known as BOR dysplasia or BOR syndrome and includes branchio-otic syndrome (which, as a subset, does not include renal abnormalities, and deafness is variable). The clinical features of this disorder include sensorineural, conductive, or mixed hearing loss; “cup” shaped pinnae (lop ear); preauricular pits; Mondini malformation (hypoplasia of cochlear apex); bilateral branchial cleft fistulae or cysts; high arched palate; cleft palate; bifid uvula; and varying renal anomalies. Renal anomalies may include renal dysplasia or aplasia, abnormalities of the collecting system, and polycystic kidneys.31 Renal evaluation should be carried out, and these diagnoses should be considered whenever deafness, malformed pinnae, preauricular pits, and branchial clefts are present, with or without a cleft palate. If there are affected family members, the diagnosis can be made with the presence of only two findings (hearing loss, preauricular pits or tags, lop-ear deformity, branchial fistula, or renal anomalies). If there are no affected family members, the diagnosis is made when there are three or more major criteria or two major and two minor criteria.32 The major criteria are branchial arch anomalies, deafness, preauricular anomalies, and renal anomalies, and the minor criteria are external auditory canal anomalies, middle ear anomalies, inner ear abnormalities, preauricular tags, facial asymmetry, or palate abnormalities.32 Other diagnoses to consider include cat eye syndrome (see Fig 1-4), and BOR-Duane hydrocephalus contiguous gene syndrome. This has the additional features of Duane anomaly and hydrocephalus and is due to a deletion at 8q12.1-q21.2.33


BOR syndrome (Fig 1-14)34 is an autosomal dominant disorder with variable expressivity. Accordingly, each child of an affected individual has a 50% chance of inheriting the abnormal gene and exhibiting the phenotype, although expression may vary. In approximately 40% of families with BOR syndrome, there is a mutation in the EYA1 (eyes absent1) gene located at the chromosomal locus 8q13.3.35 An additional 2.5% are found to have mutations in the SIX5 gene, and 2% are found to have mutations in the SIX1 gene.31 Testing using a gene panel for these three genes is available. However, one must interpret the results with caution, as 55% to 60% of other affected families with BOR syndrome do not have a pathogenic variant in one of these genes. Studies show that 90% of patients have an affected parent, and 20% have de novo mutations.31 Kidney function must be evaluated in affected individuals because of the potential severity of the renal disease. In addition, the family should be counseled about the possibility of significant renal abnormalities in future affected family members.
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Fig 1-14 BOR syndrome. (a and b) Images of both ears with microtia, preauricular pits, and branchial cleft fistulae. Blue arrows indicate preauricular pits, and white arrows indicate microtia. (c) Blue arrows indicate branchial cleft fistulae, and white arrows indicate microtia. (Reprinted with permission from Wang et al34 under the Creative Commons Attribution 4.0 International License [http://creativecommons.org/licenses/by/4.0/]) .





Cherubism


Patients with cherubism typically present with a history of progressive swelling of the lower face in early childhood, which eventually tilts the eyes upward, giving the “cherubic” appearance36 (Figs 1-15 and 1-16). The swelling is due to fibro-osseous tissue containing multinucleated giant cells. Radiographs show multilocular radiolucencies in the mandible, maxilla, and ribs. The lesions may occupy a large portion of the ramus and body of the mandible and the zygomatic-maxillary complex. Generally, the swelling recedes after puberty.37,38 This condition may have a significant impact on facial appearance. It causes concern on the part of the parents, pediatricians, and dentists regarding adverse effects on tooth eruption and the possibility of root resorption and pathologic fracture of the jaw. There may also be secondary complications with swallowing, speech, and vision. The diagnosis is based on the clinical features and should be distinguished from Caffey disease, which has a different radiologic appearance and has more widespread involvement of the skeleton.39 The differential diagnosis also includes brown tumor of hyperparathyroidism, giant cell lesions, Noonan-like/multiple giant cell lesion syndrome, fibrous dysplasia, aneurysmal bone cyst, and hyperparathyroidism-jaw tumor syndrome.36
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Fig 1-15 (a) Frontal photograph of a 5-year-old boy with cherubism. (b) Same patient at age 12. Note the progressive swelling of the cheeks and lower face. (c) Panoramic radiograph shows the large multilocular radiolucencies that occupy the body and ramus of the mandible.
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Fig 1-16 (a to c) Frontal, right, and left lateral facial views of 14-year-old boy with cherubism. Note that the forehead and orbits are symmetric, the lateral canthi are slightly turned upwards, the zygomas are convex, and the maxilla is “puffy”/enlarged in contour bilaterally. The mandible is grossly enlarged from the angle and mid-ramus on the right to the same region on the left. He has a normal range of jaw motion and no swelling in the preauricular regions. The condyles are spared. The chin is grossly enlarged with a tumorous growth on the alveolar ridge. (d) The intraoral view shows the mandible expanded into the sulcus from right retromolar pad to left retromolar pad. There is an anterior crossbite. (e to g) 3D reconstructions of mandible and skull showing the massive, expansile, multilocular involvement of mandible with condyles spared. There is minimal involvement of the maxilla.





Cherubism is an autosomal dominant disorder with 80% of affected individuals exhibiting abnormalities in the SH3BP2 gene located on chromosome 4p16.3.40 The protein normally produced by this gene affects the bone cell’s responses to incoming signals; these mutations may result in gain of function. Presumably, there are other as yet unidentified genes responsible for cherubism in the 20% of patients who do not have the SH3BP2 mutation.36 The absence of a positive family history does not rule out the possibility of cherubism due to a new dominant mutation. Cherubism is also characterized by incomplete penetrance, with some gene carriers not exhibiting any obvious signs of the disorder.36,40




Nevoid basal cell carcinoma syndrome


The clinical features of this syndrome include numerous basal cell carcinomas, epidermal cysts, odontogenic keratocysts, palmar and plantar pits, various tumors or hamartomas, skeletal abnormalities of the ribs and vertebrae, macrocephaly, and cleft lip and/or cleft palate41,42 (Figs 1-17 to 1-20). The criteria to make the diagnosis of nevoid basal cell carcinoma syndrome (NBCCS) include two major or one major and two minor features.43 The Basal Cell Nevus Syndrome Colloquium Group44 also proposed one major criterion plus positive molecular testing. Although they did not reach a specific consensus, the proposed criteria are described in Box 1-1.
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Fig 1-17 (a) Frontal photograph of a 10-year-old boy with NBCCS (also called Gorlin syndrome). The intraoral view (b) and panoramic radiograph (c) show the delayed and asymmetric dental eruption. Multiple radiolucent areas are evident (arrows). These were enucleated and confirmed to be odontogenic keratocysts by histology. (d) A photograph of the same patient’s foot demonstrates plantar pitting, which also may appear on the ventral surface of the hand (palmar pits). (e) The photograph of the child’s right arm shows multiple nevi. He has had multiple basal cell carcinomas. (Courtesy of Dr Maria Troulis.)
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Fig 1-18 (a) Frontal photograph of 8-year-old boy at presentation with jaw cysts. There is mild frontal bossing and hypertelorism. (b) Intraorally, there is fullness of the sulcus anteriorly and on the left posteriorly with displacement of teeth in the anterior mandible. (c) Cystic lesion over right knee (arrow). (d) Palmar pitting (arrow). (e) Panoramic radiograph shows large radiolucent, expansile lesions at left mandibular posterior and symphysis regions displacing teeth. (See also Fig 5-34.)
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Fig 1-19 (a and b) Frontal and lateral facial views of a 13-year-old girl with NBCCS. She has frontal bossing, hypertelorism, maxillary hypoplasia, and a concave profile. (c) Basal cell carcinoma of scalp. (d) Cyst on ankle. (e) Panoramic radiograph shows expansile radiolucent lesions in all four third molar regions and right maxillary canine region. (f to h) As a teenager, she developed a concave profile, skeletal class III malocclusion, and midface hypoplasia. (i) Lateral cephalogram demonstrating midface hypoplasia and class III malocclusion. (See also Fig 5-35.)
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Fig 1-20 (a) At 1 year of age, this patient underwent resection and postoperative chemotherapy for a desmoplastic medulloblastoma. An axial MRI cut demonstrates the tumor (arrows). (b) Chest CT demonstrates a cardiac fibroma (arrows). (c and d) Axial and coronal CT cuts demonstrate expansile jaw cysts in the right and left maxilla and right mandible (arrows).





Box 1-1 Criteria for the diagnosis of NBCCS as described by the BCNS Colloquium Group44




Major features


• Basal cell carcinomas in patients under 20 years of age out of proportion to sun exposure and type of skin


• Odontogenic jaw keratocyst prior to 20 years of age


• Presence of palmar or plantar pits


• Calcification of falx cerebri


• Medulloblastoma


• Affected first-degree relative


Minor features


• Rib anomalies


• Skeletal manifestations including vertebral anomalies, kyphoscoliosis, short fourth metacarpals, postaxial polydactyly


• Macrocephaly


• Cleft lip/palate


• Ovarian/cardiac fibroma


• Lymphomesenteric cysts


• Ophthalmologic abnormalities (strabismus, hypertelorism, congenital cataracts, glaucoma, coloboma)





NBCCS is an autosomal dominant disorder with complete penetrance but with variable expressivity. The responsible genes are PTCH1, PTCH2, and SUFU, with pathogenic variants being found more often in PTCH1 and rarely in PTCH2.45 There is some genotype-phenotype correlation; patients with pathogenic variants in SUFU can have milder clinical features and no jaw cysts but have an increased risk for medulloblastoma.46,47 Twenty to thirty percent of cases are due to new mutations.47


PTCH1 is a tumor suppressor gene and is a cell cycle regulator.48 PTCH1, PTCH2, and SUFU are part of the hedgehog signaling pathway. The developmental effects are seen when only one mutation is present, accounting for the autosomal dominant inheritance pattern.49 With tumor suppressor genes, unregulated cell growth occurs when both copies of the gene are not working. For people who have inherited an abnormal tumor suppressor gene, the likelihood of a “second hit,” ie, a change in the remaining gene somewhere in the body, is very high. This leads to unregulated cell growth in that tissue. In the tumors that develop in NBCCS, there does appear to be an abnormality of the other copy of the gene. This is presumed to be responsible for the change in cell growth.50 In terms of monitoring and treatment for NBCCS, these patients are very sensitive to radiation, and exposure to X-rays and sun should be minimized because of the risk of basal cell carcinomas.47


Genetic testing is available for correlation with clinical findings. Such testing detects the genetic abnormality in approximately 73% to 85% of clinical cases.47 Indications for genetic testing include confirmation of the clinical diagnosis in patients with the classic features and confirmation of basal cell nevus syndrome in a child with medulloblastoma and in individuals younger than 20 years with a basal cell carcinoma and insufficient associated clinical findings.47 Genetic testing can also be used for prenatal diagnosis and identification of at-risk family members who may appear to be asymptomatic. Sequencing and deletion/duplication can be explored in a stepwise manner by identifying the PTCH1 gene initially, then followed by SUFU and PTCH2, or it can be done as a panel including all of these genes.


The risk to other family members depends on whether the mutation in the affected person is inherited or has arisen de novo. Each child of an affected individual has a 50% chance of inheriting the abnormal gene and of expressing the disorder to some extent. For those situations in which the parents test negative, there still is the possibility of recurrence due to a germline mosaicism (when one of the parents carries the mutation only in the gonads).47




Pierre Robin sequence


The clinical features include micrognathia, glossoptosis, and cleft palate (Fig 1-21; see also Fig 1-4 and chapter 18). This constellation of features is descriptive, and the sequence is associated with a number of syndromes (see Table 1-2 for a partial list) for which an affected child should be evaluated. This involves a detail-oriented history and physical examination, as outlined previously. Reevaluation over time is important, as the diagnosis may change.51
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Fig 1-21 Lateral photograph of an infant with Pierre Robin sequence. Note the marked micrognathia.





The genetics, counseling about recurrence risks, testing, and prognosis depend on the nature of the definitive diagnosis, hence the importance of searching for the underlying condition. About 62% of patients with Pierre Robin sequence have associated syndromes,51 defined as syndromic Pierre Robin sequence. A recent review of 191 patients revealed connective tissue disorders in about 44%, of which Stickler syndrome was the most common. Approximately 48% had a multisystem disorder (with 8.9% having a chromosome abnormality), and 5.5% had a neuromuscular disorder such as Moebius syndrome.51 The most common syndromes are Stickler syndrome and chromosome abnormalities, including 22q11 deletion.52–59 As seen in Table 1-2, the inheritance patterns may differ according to the underlying condition.60 This results in different implications for the family and a different treatment plan and prognosis for the patient. Syndromic patients have more severe anomalies and a worse prognosis and often require more extensive treatment than nonsyndromic patients.61





Table 1-2 Conditions with Pierre Robin sequence51–61






	

Classification




	

Condition




	

Inheritance/gene













	

Single-gene disorders




	

Stickler syndrome




	

AD; COL2A1, COL11A1, COL11A2, COL9A1, COL9A2









	

Marshall syndrome




	

AD; COL11A1









	

Weissenbacher-Zweymüller syndrome




	

AD; COL11A2









	

Otospondylomegaepiphyseal dysplasia




	

AD; COL11A2









	

Congenital myotonic dystrophy




	

AD; DMPK expansion









	

Spondyloepiphyseal dysplasia, congenita




	

AD; COL2A1









	

Treacher Collins syndrome




	

AD; TCOF1, POLR1D*


AR: POLR1C









	

Van der Woude syndrome




	

AD; IRF6, GRHL3









	

Cerebrocostomandibular syndrome




	

AD; SNRPB









	

Toriello-Carey syndrome (agenesis of corpus callosum, with facial anomalies and Pierre Robin sequence)




	

AR









	

Carey-Fineman-Ziter syndrome (myopathy, congenital nonprogressive with Moebius and Pierre Robin sequences)




	

AR; MYMK









	

CHARGE syndrome




	

AD; CHD7, SEMA3E









	

Otopalatodigital syndrome type I




	

X-linked dominant; FLNA









	

Catel Manzke syndrome




	

AR; TGDS









	

Osteopathia stiata with cranial sclerosis




	

X-linked dominant; AMER1









	

Chromosomal




	

Velocardiofacial syndrome




	

AD; 22q11 deletion









	

Miller-Dieker lissencephaly syndrome




	

17p13.3 deletion









	

Other duplication, deletion syndromes




	

Varied









	

Teratogenic




	

Fetal alcohol syndrome




	

NA









	

Fetal anticonvulsant syndrome




	

NA









	

Disruption




	

Amniotic band sequence




	

NA









	

Unknown




	

Oculo-auriculo-vertebral spectrum




	

NA









	

AD = autosomal dominant; AR = autosomal recessive; NA = not applicable.


*Also reported to occur in homozygous state.60












Cleft lip/cleft palate


Cleft lip with or without cleft palate (CL/P) and cleft palate (CP) alone can be syndromic or non-syndromic (see also chapters 3 and 21). There are many syndromes in which CL/P or CP is a component. Of particular note is van der Woude syndrome, an autosomal dominant condition in which affected individuals may have CL/P, CP alone, and lower lip pits. It is a variable condition and is due to pathogenic variants in IRF6 and GHRL3. Lower lip pits are common, occurring in 85% of cases.62 IRF6-related disorders include isolated cleft lip, van der Woude syndrome, and popliteal pterygium syndrome. Popliteal pterygium syndrome includes the following additional features besides cleft lip and lower lip fistulae, popliteal webbing, bifid scrotum and cryptorchidism in males, hypoplastic labia majora in females, finger or toe syndactyly, a fold of skin overlying the nail of the hallux, and synechiae of the jaws and eyelids.62 There can be genotype-phenotype correlation, with particular IRF6 mutations being found more often in patients with van der Woude syndrome or with popliteal pterygium syndrome.


There is ongoing research investigating the underlying etiologies of the non-syndromic forms of cleft lip and palate, including the interplay of genetic susceptibility loci and environmental factors. Polymorphisms within the IRF6 gene have been found to be susceptibility loci for the development of non-syndromic CL/P, especially in the Chinese Han population, where there is a high frequency of clefts.63 In addition, some cases due to IRF6 pathogenic variants present as non-syndromic clefts, eg, about 15% of van der Woude syndrome patients do not have lip pits.64 There have been many studies attempting to identify associated loci, and various genes and regions have been implicated as associated with non-syndromic clefts. These include MAFB, ARHGAP29, VAX1, PAX7, the area at 8q24,64 TP63, and FOXE1, among others.65 These illustrate the heterogeneity of etiology of clefts. More research is needed to evaluate these and other genes in more detail.


Discussion


The field of genetics is expanding dramatically, with new developments occurring almost daily. The impact of genetic knowledge on the practice of medicine will continue to grow and will result in a new understanding of the pathogenesis of many diseases. Hopefully this new information will lead to better and more rational treatments. The role of the clinical geneticist, at this time, is to evaluate patients for various disorders with the goal of obtaining specific diagnoses. Identifying a specific diagnosis is necessary in order to provide accurate recurrence counseling for the family, accurate long-term prognosis, guidance for what medical problems may arise over time, and in some cases, appropriate treatment.
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Psychologic Preparation for the Child Undergoing a Maxillofacial Surgical Procedure


Myron L. Belfer





Appropriate preoperative psychologic preparation of the child and family for a maxillofacial surgical procedure is essential for a successful outcome. Objective results may be overshadowed by failure of the patient and/or the family to have a realistic appreciation of the process and the expected outcomes of the operation. In the case of an unfavorable result, adequate preparation can facilitate management of complications and disappointment. In this chapter, basic considerations in the psychologic preparation of the child and family for an operation are addressed. In addition, special attention is devoted to preparation of the “difficult patient” and the family with complex issues, such as separation or divorce, psychologic illness, and past history of surgical failure. The basic approach and concerns raised here apply to both in-hospital and outpatient surgery.


Psychologic Development


It is not possible to work with children and families without some basic knowledge of psychologic development.1 Knowing what children are capable of understanding and their capacity to participate in the decision-making process and other aspects of surgical planning and postoperative care is crucial to achieving a positive outcome. Likewise, helping parents to focus on realistic expectations and appreciating the dynamics between child and parent, between parents, and between parents and the surgeon, are crucial for having the parents’ cooperation and collaboration throughout the course of treatment and follow-up.


Evaluating children based only on chronologic age, without consideration of psychologic and cognitive development, will result in a failure to appreciate the patient’s emotional response to surgery and their understanding of the procedure. Goin and Goin2 provide a succinct review of body image development in children and adolescents in relation to overall development. For the maxillofacial surgeon, understanding the patient’s developmental level is of particular importance because many children have major or subtle cognitive delays associated with the facial deformity or the presence of a syndrome. In addition, the expected socialization and cognitive development of a child may be delayed or distorted because of parental sheltering or overprotection. The developmental distortions embraced by parents can be in the direction of immaturity or in the attribution of precocious abilities to the child. Thus, understanding the child’s socialization and cognitive development, preferably from more than one source, is crucial for anticipating the pediatric patient’s pre- and postoperative adaptive potential.


It is important to assess the developmental level of the child both independently and with input from the parents. This is not as complex a process as it might seem. A framework of observations, questions, and potential sources of information is provided in Table 2-1. These sources of information are usually easily accessed during the preoperative period. Independent assessment by a specialist is indicated when the surgeon has concerns or when the answers to the questions do not seem reassuring. In the current era of government mandated privacy guidelines (ie, HIPAA), obtaining psychologic diagnostic and treatment information may be difficult, but this should not deter the effort to obtain a full understanding of the child’s situation.





Table 2-1 Developmental assessment





	

Age (y)




	

Observation (problem concern)




	

Question/observation




	

Source of additional information













	

3–5




	

Interaction with parents




	

Is there a lack of relatedness/hyperactivity?




	

Parents: Is this typical?









	

Lack of speech




	

What is this … ?




	

Speech and hearing evaluation









	

5–7




	

Muteness




	

What do you like to do?




	

Parents: Is this typical?









	

Apparent cognitive delay




	

Tell me about your school.




	

School report









	

General concern




	

Do you have a best friend?




	






	

7–10




	

Socialization




	

Do you have a best friend?


What things do you like to do?




	






	

Cognitive delay




	

What do you do in school?


What is your favorite subject?




	

School report









	

Anxiety




	

Do you know about having an operation?


What do you think about having an operation to … ?




	






	

10–13




	

Socialization




	

Do you have a best friend?




	






	

Anxiety




	

What do you think about having surgery?


What do you want the operation to do for you?




	






	

Cognitive delay




	

How are you able to do in school?


Do you need help in school?




	

School report









	

13–18




	

Socialization




	

What things do you like to do?


Do you have a best friend?


Do you think that an operation will help you with being with people?




	






	

Anxiety




	

Are you worried about the surgery?


Have you ever spoken with someone about worries you have? Are you now speaking with someone? Does this help you?




	

Psychologic report









	

Cognitive delay




	

Are you able to keep up with your schoolwork?


Do you get help in school?




	

School report












With the preverbal patient, it is not possible to obtain a statement of expectations, but with verbal children, often beginning at a very early age, one can ask if the child would like something about themselves to be different or changed. At earlier ages, and with limited cognitive function at any age, the focus of desired change is likely to be on some functional problem, such as difficulty chewing, or drooling.




Parents may state that the child has no awareness of the facial deformity. However, the surgeon, without talking about deformity per se, may ask a simple question and elicit the fact that the child wants their ears made smaller, their face straightened, their bite fixed, or to be able to chew more easily, etc. Having the parents become aware of the child’s knowledge of a problem and the desire for change, even if crudely stated, can be of great help in overcoming their ambivalence about pursuing surgical correction. If a complication occurs, this knowledge is an important factor in preventing the parent from engaging in self-blame for allowing the child to have an operation. Such guilt can seriously complicate the surgeon’s relationship with the family in the event of an adverse outcome.


A relatively easy, well-documented technique for assessing a child’s perception of themselves as different is the “draw a person” exercise.3 This technique involves asking the child to draw a picture of a person, then a picture of themselves, and finally one of their family. This simple task may provide the surgeon with a great deal of useful information, and it takes very little time. From the picture, it is possible to make an assessment of cognitive function relative to age and of how the child perceives themselves in relation to the family. It is also possible, with some frequency, to determine whether the child has an internalized idea of their deformity. The draw a person exercise (Fig 2-1) can be done in the waiting room and can be supervised by an assistant.




[image: ]


Fig 2-1 Draw a person test. (a) A child with microphthalmos draws herself with eyes that are darkened and therefore more prominent relative to her other facial features. (b) The same child draws herself and family, again with her eyes relatively more prominent. These drawings reveal the child’s internalization of her deformity. (c) A child with hemifacial microsomia draws a person with a right-sided jaw asymmetry that reflects his deformity. (d) Six months postoperatively, the child has integrated his new facial appearance and draws a person with the head symmetric and in more normal proportion to the rest of his body.





It is essential to understand the psychologic defense of denial when evaluating a child for maxillofacial surgery.4 To what extent is the patient or parent denying the impact of the deformity, the life-threatening nature of some underlying or chronic illness, or the degree to which the child is ostracized? For example, the child who has been treated with high-dose radiation for a malignancy may have parents who wish to mask or deny the ongoing threat to the patient’s overall health. In other cases, parents may be seeking correction for a maxillofacial deformity as part of an overall attempt to deny the patient’s underlying cognitive deficit. In this situation, without clarification of the potential effect of an operation on cognitive functioning and socialization, the stage may be set for later disappointment.


In these cases and others, such denial is not an absolute contraindication to an operation, but it requires assessment and an attempt to better understand it in relation to the request for a procedure. For instance, the parents of the Down syndrome child may actually be in touch with the child’s deficits but may, in a first interview, seek to mask their concerns for fear that they will present themselves as negative. It is possible to assess denial without so disturbing the defense, when it is pathologic, that one gets into difficulty with the parent or child.


The patient with temporomandibular joint (TMJ) dysfunction, particularly if accompanied by pain, requires a more in-depth psychologic assessment.5 Objective anatomical findings often do not correspond with expressed pain and functional deficit. In the postoperative period, objective surgical correction may not yield an expected resolution of discomfort and pain. It is necessary to evaluate aspects of family dynamics and depression as possibly significant contributing factors to the TMJ dysfunction presentation.




Initial Evaluation of Child and Parent


The referral


The surgeon’s relationship with the family and child actually begins before the first appointment, with the referral process and the referring person. The referring doctor, patient, friend, or other health care provider may convey a set of expectations. The patient and family may also have predetermined ideas about treatment from a brochure or other materials they have read. It is often difficult to know precisely what expectations have been transmitted to the family, but it is essential to find out what they are at the outset. Regardless of the laudatory nature of the referrer, do not promise more than you can deliver.


Often, the maxillofacial surgeon is seen as having special powers. Accounts in the media of the accomplishments of maxillofacial surgeons now routinely raise expectations for virtually flawless outcomes. To support this expectation is to lay the groundwork for later problems. It is better to have a grateful, non-litigious patient and family than one who thinks you are “God.” Most referrals to maxillofacial surgeons come through pediatricians, pediatric dentists, orthodontists, other physicians and dentists, or former patients. The latter are usually the most supportive if they are making a referral. Counterintuitively, the professional referral must often be viewed with the greatest caution. It is essential that you understand precisely what the referral source told the patient, what expectations have been held out, and to what degree the referrer will maintain responsibility for the patient and their later care.


It is important to have all relevant information from the referral source and to have access to the materials that parents can provide before the initial appointment. Too often, the patient is sent with no referral letter, information, or records, and the parents expect that you have received these materials. In complex cases, it is essential to go over the history with the parents to verify the information you have received. When working as a team with pediatricians, orthodontists, fellows, residents, psychiatrists, psychologists, social workers, and/or nurses, it is helpful to meet as a team to ensure the sharing of all available information. This may take the form of a multidisciplinary clinic or a separate diagnostic and treatment conference with a standard set of records.


A particular point that is often overlooked, but that may have later consequences, is the existing mental status of the child. With complex deformities such as velocardiofacial syndrome (VCFS), there may be an accompanying psychologic problem of some significance, such as schizophrenia or bipolar disorder. If this is not noted prior to the operation, bizarre behavior or responses in the postoperative period may be attributed to hospitalization, impact of anesthesia, etc, and not rightly seen as a preexisting condition. Acute psychiatric intervention may seem inappropriate, or families may feel that they can attribute the presenting postoperative psychologic problem specifically to the surgical procedure. This may lead to protracted and difficult discussions, and sometimes formal complaints.


For TMJ dysfunction patients, the history is critically important for understanding the etiology of the problem. While parafunctional habits and trauma are to be questioned, possible psychologic contributing factors must be considered and ruled out.5 A history of loss, such as the death of a parent, can be a trigger or reinforcer of TMJ pain and dysfunction. Other psychologic factors may be physical or sexual abuse, stress leading to bruxism, attention seeking, or identification with a similar parental complaint. A relatively simple screen for depression in younger children6 is illustrated in Fig 2-2.
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Fig 2-2 Sadness assessment.6 A child is shown this picture of a “sad person” and asked questions like the following: Do you get like him? How much? Do you feel sad the way he does? Do people tell you that you look sad? How much? What about crying? How much does it happen to you?





For older children and adolescents, it is sufficient to simply ask the following questions:


1.Have you felt sad at any time in the recent past?


2.Do you feel as if you have lost something?


3.Have you lost someone important to you?


4.Are you worried about something that has happened or might happen to you?


A positive answer to any of these questions is sufficient to warrant a more in-depth psychologic evaluation, as is a positive response to the screening test for younger children.




The first interview


Let the parents and patient do the talking! This does not mean that the surgeon should not interact or show affect, but rather that they should not prematurely start to describe what can and cannot be done for the patient until the expectations of all concerned have been articulated. If any of the “red flag” circumstances described below (absent parent, multiple prior referrals, previous dissatisfaction) are apparent, they should be noted and discussed.


Remember, regardless of the important role of ancillary personnel (eg, administrative, dental/surgical assistants, nurses), the surgeon is the key person in relation to the patient and family and the only person viewed as having authority. However, the concerns of other staff should be considered based on their observations of the family in the waiting room, during routine work-up procedures, while making appointments, or in their verbal interaction. Nurses, dental assistants, or administrative staff may learn or observe something that might not be divulged in an interview. Note: Do not rely solely on the assessment of the referring doctor; the referrer will not be held accountable.


The patient and parents are usually seen together at the first visit. The surgeon should address both and ask each if they have questions. In some cases, the surgeon may want to see the parents alone, at a separate appointment, before seeing the child. This strategy is useful for a particularly difficult or complex problem and avoids a rushed interview with both parties during a scheduled office visit. With adolescents, the surgeon should first meet with the patient. This generally establishes a more trusting relationship with the teenager.


Trust your instincts! If you feel uncomfortable with the parents or patient, do not try to dismiss that feeling. Explore this reaction with yourself and discuss it with colleagues who have also seen the patient and family. If it is not evident what the reasons are (eg, litigious attitude, overly directive parents, threats, unreasonable expectations, or inability to grasp the possible procedure), then say how pleased you were to meet the patient and family but that you do not think that you would be the best person to perform the operation. Refer the patient back to the referring doctor. Explain the situation and suggest other potential surgeons so that you do not risk losing a referral source. Do not be persuaded to engage a situation with which you are not comfortable! Note that this is quite different from taking on a complicated family situation or complex operative procedure that may require ancillary support for the family and patient, but where you feel you have a basic understanding with the family and potentially a good relationship.


Try to come away from the first interview with a clear understanding of expectations, the family’s view of the child, an understanding of what the family knows or does not know about the procedure, and their response to the possibility of a less-than-perfect outcome. The surgeon should also have a subjective feeling of comfort with the family and patient.4


It is very important to understand and to document divergent views from the parents regarding expected outcomes and desire for the operation. Discrepant views can come back to haunt the surgeon in the postoperative period if there are complications or a negative outcome.


Campis et al7 found that maternal adjustment and maternal perceptions of the mother-child relationship were more potent predictors of children’s emotional adjustment than either medical severity or maternal social support. Without needing to probe in depth, it is possible to ascertain how the parents, and in particular the mother, feel about their relationship with the patient and to what extent they are able to communicate. For instance, asking, “Please tell me how easy it is for you to talk with your child about things, including this proposed surgery,” is sufficient to get useful information. When a problem exists, the answer will be clearly truncated or elaborated beyond a reasonable expectation. In the case of a perceived problem, it is then possible to ask if the family has or plans to seek help to deal with the issue.


The refusal of the father or mother to participate in the evaluation prior to surgery is an ominous sign. The surgeon or a team member can try to explore the reason for the absent parent or caregiver, but beyond simple and resolvable reasons, the surgeon should carefully evaluate the wisdom for proceeding with any procedure. One can almost be certain that in the postoperative period, any complication or dissatisfaction will bring out parental conflict and consequences emerge.


Support from nurses, social workers, or other ancillary staff associated with the hospital or the maxillofacial practice is very important. Nursing staff can often provide a vital link with the child and family. However, they should not be asked to triage problems that might have broader significance for the patient, eg, to treat an infection without the surgeon’s direct involvement, or to answer a technical question when the surgeon’s answer might differ from a standard answer. Nursing staff can and should be supportive and should reinforce messages and directions that the patient or family may not have understood. The electronic medical record and communication solely through computer messages are not adequate in complicated situations or where nursing staff and others may not know the complexities of the case. Direct communication and documentation are essential.


Approach to the Child


Explaining the procedure


Once is never enough; pictures help but are not the answer!


Despite the accompanying administrative difficulties, in this era of managed care, second preoperative visits represent a good investment on the part of the surgeon and patient. Additional visits are desirable for complex cases. The extra contact helps patients gain a better appreciation of the operation and familiarity with the surgeon. It helps the surgeon to gain a better rapport with the patient and family and to further assess potential problems.


When there is an expectation for significant improvement in appearance, it is important to point out to the parents that they should not expect an immediate acknowledgement of improvement on the part of the patient, no matter how great the change. Everyone involved must recognize that it takes time for the patient to integrate and to internalize a changed sense of self and a corresponding acknowledgement of an improved body image. This may take months, and the interim may be accompanied by regressive behaviors, suggesting that the patient is testing out their new image with those around them.8


First conversation


Do not start by talking to the child about the proposed procedure. Ask about a favorite hobby, the doll they are carrying, or any other neutral topic. Then, ask if they know why they have come to see you. Have they been to the hospital (office) before? What would they like you to do? The child may not answer, but it is important that these questions are asked. There is no need to pressure for an answer, but state that you hope the child may tell you later about what they have thought of in response to your questions.


The concept of time and use of a calendar


In preparing a pediatric patient for an operation, it is not uncommon to be misunderstood because children do not have a well-formed sense of time. For instance, to say to a child that braces will come off in 6 weeks has little concrete meaning. It is more helpful to indicate the time with the use of a calendar, or to target the time to some holiday or other event familiar to the child. This will greatly aid the appreciation of the time frame for the operation and the postoperative recovery. Supporting this understanding of time can reduce both postoperative difficulties with compliance and anxiety resulting from uncertainty.


During the preoperative visits, it may be helpful to provide the family with a calendar on which key dates are indicated. Anxiety around the upcoming operation often leads parents to misinterpret or to misunderstand the time frames that may have been clearly stated. A particularly important part of this calendar exercise is to avoid negotiations about frequently pressured concerns on the part of children as to when they can go swimming, return to sports, or otherwise engage in normal activities.


Utilize hospital preoperative programs


Preoperative programs in hospitals, and particularly in pediatric hospitals, are now almost universally sophisticated and useful to both parents and children.9–11 Even parents who say that they have been through preoperative programs previously should be encouraged to participate again if there has been a span of years between operations. New information is always helpful to avoid confusion or misunderstandings during the hospital stay. Some programs offer ongoing contact through child life specialists, and this service should be utilized.


Anesthesia


This is perhaps the most difficult aspect of the overall surgical experience for both the parents and patient. It is important to understand that subjecting a child to general anesthesia is, for some parents, tantamount to killing their child. Therefore, the fears or anxieties associated with anesthesia may outweigh the concerns regarding the operation itself. This fear may not be made explicit by the anxious parent. It is important for the surgeon to be as precise as possible about the way in which the anesthesia will be administered. It is also essential that the surgeon and the anesthesiologist indicate the same procedures. In this regard, it is important that the anesthesiologist be fully informed about the surgery so that they do not venture an opinion at odds with that of the responsible surgeon. When explaining the anesthesia, there is an opportunity to inquire about the parents’ experience with anesthesia and/or surgery. There is a high correlation between a negative parental experience and a negative reaction by the child to the experience of surgery or anesthesia induction. A possibly emotional scene at the time of induction or movement to the operating room can be avoided if these events are anticipated. In such cases, it is important to instruct parents to avoid sharing their previous experiences with the child. Sometimes it is beneficial to insist that the parents not be present during the induction. In addition, the use of behavioral techniques to ease the anesthesia induction process can result in a far less traumatic experience for all involved.


A second aspect of the anesthesia that may be traumatic for both the parents and the patient is the necessity for postoperative intubation. If this is a possibility, it should be explained prior to the operation. The family should be informed that the child may require assistance in maintaining an airway, and therefore the endotracheal tube or other airway device may be kept for a time after the operation. The resultant temporary loss of voice and/or throat irritation should be explained.


Asking the difficult questions


As an example of needing to ask difficult questions, consider the full evaluation of the pediatric patient with TMJ dysfunction and facial pain. Questions need to be asked that may be difficult for the surgeon, the patient, and the family. However, failure to ask these questions may result in an unfavorable outcome. The risk inherent in asking difficult questions is outweighed by the potential benefit to the patient. Questions include the following:


• Can you think of a loss around the time the TMJ pain was first noticed?


• What response (from your parents, other family members, friends, and teachers) do you get when you complain of TMJ pain or dysfunction?


• Have you felt sad or depressed? Over what?


• Have you ever felt that someone has done something to you they should not have? Please explain.


• Can you think of anything good that has come from your TMJ or other problem?


With congenital deformities, the questions are usually not focused on such charged emotional issues but could involve asking if one parent or the other has a family member with a similar deformity.


Procedures Requiring Special Consideration


Distraction


This minimally invasive technique, while enthusiastically embraced by surgeons, can be seen by parents and the child as bordering on torture. The balance between media reports of sensational, essentially noninvasive outcomes and the reality of the means to accomplish these outcomes is difficult for some parents and children to grasp. It is essential to explain in detail the goals of distraction, not just the outcome, and to be very clear with parents about the details of the process and how long it will take. It is also essential to be clear with both parents and the child about the details of the distraction procedure for which they will be responsible, eg, who will turn the screws, when, and how much pain will need to be tolerated. Potential complications such as pin, screw, or device loosening; device failure; damage to teeth; and requirement for additional procedures to correct the vector of distraction or to adjust the result also need to be discussed.


Maxillomandibular or intermaxillary fixation


It is not adequate to describe intermaxillary fixation (IMF) or maxillomandibular fixation (MMF) as being analogous to having braces. Immobilization of the jaws almost universally leads to a concern with choking, inability to breathe, and inability to talk. These concerns must be acknowledged. In all cases, the safety procedures associated with use of MMF should be explained and the tools to release the fixation provided.


External devices


External fixation or distraction devices require adequate compliance on the part of the child. In these cases, the likelihood of the child being the subject of teasing in school or being barraged by questions requires careful preoperative explanation directly with the child or adolescent. The child should be part of the decision to utilize such devices.


Grafts and donor sites


Although the language may be common and the concept well-known, it is remarkable how often parents and patients fail to hear that “taking bone” or “making a graft” actually means that the surgeon will have to make an incision and remove bone from the hip or elsewhere. In the postoperative phase, pain associated with the graft and the additional scar may become more of a focus of concern than the primary operation itself. It is best to avoid this situation by asking if the parents and child understand this and to note this recognition in the chart. It is also helpful to point to the part of the anatomy where the bone will be taken and state explicitly that there will be a scar and pain associated with this procedure.


In this era of reported miraculous reconstructive surgical results in the media, potential patients may be unaware of the complexity of such procedures, the postoperative course, and the potential complications. This magical thinking may be attached to major orthognathic and craniofacial procedures and free vascularized tissue and bone grafts. The potential complications need to be made clear, including the duration of recovery, the chances of failure, and—often most importantly—the residual donor site scarring.


The Hospitalization


During the hospitalization, it is essential that families and children know how to get in touch with the surgeon. Most complications with families and patients arise not from problems with the operation, but from poor communication. How do you wish to be contacted? Is there a nurse working with you who can be reached? Who is in charge of the patient on the ward? Who is the resident in charge on the service? These questions should be answered clearly for the family.


A uniquely important part of the hospitalization is the first postoperative visit of the parents to the recovery room, intensive care unit, or regular nursing unit. It is a danger sign if one parent or the other is unable or unwilling to come to the recovery room. This may indicate lack of mutual support or an inability to accept the child, and it may predict difficulty in postoperative care and adjustment.


Nursing staff familiar with the operation can be helpful in accompanying parents to the recovery room in the postoperative period. Parents should not go to the recovery room without being accompanied by someone from the surgical team, from the clinic nursing staff, or in rare instances, by the psychiatric or social service consultant who worked with the child and family prior to the surgery.


When complications arise, or when the nursing service thinks it is necessary to get a psychologic consultation, it is best to do so sooner rather than later. Reasons for considering a psychologic consultation include the following:


• Noncompliance


• Changes in mental status noted by parents, nurses, or other staff


• Suicidal ideation, even the most vague expressions


• Unremitting anxiety


• Disproportionate complaints of pain


• Extreme expressions of dissatisfaction with the surgical outcome


Likewise, if the nursing staff suggests a psychologic consultation, find out why, and get it regardless of the reason.


The fact that a consultation will be requested needs to be conveyed to the parents as well as to the child. The responsible consultant should speak with you or a designated member of the surgical team before seeing the patient, should be familiar with the procedure and the patient’s underlying disorder, and should be available to give you rapid and precise feedback. All psychologic consultations need to be documented in the record as would any other consultation; more delicate material can be communicated in a less formal manner, if necessary.


There is always a question about what is the most appropriate way in which a therapeutic intervention can be carried out during the course of hospitalization. In general, it is not possible to carry out a definitive psychologic intervention given the time constraints of today’s environment, but the establishment of a therapeutic alliance and an intervention to alleviate the acute problem should be possible. The consultant implementing a therapeutic intervention has a responsibility to provide the linkage to a community provider upon discharge if indicated. The patient, the family, and the surgeon should not be left with this responsibility.


Acute Complications


It is inevitable that at some time during the course of a surgical career, there will be an intraoperative or postoperative catastrophe resulting in a death, disability, or other serious non-esthetic complication. These situations, while often anticipated in the informed consent, can be devastating to the surgeon, the family, the operative team, and the surviving patient. The worst possible response is to deny the event or to attempt to withdraw from involvement and seek the protection of the hospital. The best practice is to be immediately forthcoming with the family, to be involved with the family (and patient) in their grief, and to work with the family to either preserve the memory of their child or to optimize the recovery of the patient. This does not mean that you should admit guilt, for often this is not the issue and may not in fact be the case, nor should you try to seek an immediate settlement in an attempt to put the incident behind you. In this era, it is important to be in touch with the hospital authorities and your insurance carrier, but not to abdicate your physician-patient-family relationship. Parents and patients will interpret withdrawal as a sign of guilt, and involvement as at least a sign of caring and a desire for restitution.


There is no need to invoke the involvement of the psychologic support services as a first step, but it is helpful to acknowledge grief counseling or coping services as provided by the hospital. You may wish to seek psychologic support for yourself or members of your team, and these should be sought at the earliest possible time. It is not a sign of weakness to avail yourself of help, but rather it can be seen as a way to be supportive to members of your team and as an effort for you to return to full functioning as soon as possible. Failure to recognize the psychologic toll on yourself can lead to unwarranted negative interactions with others, depression, withdrawal, and other disruptions in your normal life.


Postoperative Issues


Meeting again with the parents and child


The role of the surgeon does not end with the operation, and surgeons should recognize that the postoperative phase of their relationship with the patient is crucial to a successful outcome. While meeting with the parents and child following a procedure is not mandatory, it is the best practice. Leaving the postoperative visit to nursing or resident staff without a final contact with you does not complete the contract with the parents and child. The long-term consequences of any procedure may be uncertain, and the ability to meet face to face with the parents and the child offers the opportunity to discuss the overall experience, review any issues directly, and leave the family with a sense of closure. If there are to be multiple procedures, it is good at this meeting to indicate the long-term course of action to avoid uncertainties that may lead to dissatisfaction. Remember: A child does not integrate a changed physical image immediately postoperatively no matter how satisfactory the outcome, and this internalization of changed, positive self-image is likely to occur over a period of months after the operation. It may be important to reiterate this observation to the patient and family postoperatively.8


Dealing with negative psychologic reactions


Negative psychologic consequences may occur postoperatively. The following comments are meant to put in perspective what may be seen initially as an untoward reaction. In reality, such a reaction may consist of expected psychologic responses that can be dealt with easily. Remember: A surgical procedure is a traumatic event, no matter how good the outcome. The apparent smoothness of the postoperative course in medical terms should not lead you to assume that there will not be a more conflicted psychologic outcome.


After an operation, both the patient and family will be anxious. Expressions of anxiety are to be expected, and in fact, the surgeon’s failure to recognize such concerns may represent a lack of engagement. Reassurance is the appropriate response. Any attempt to minimize or negate the anxiety will usually lead to more anxiety or to the undesirable consequence of the family seeking information or reassurance from others. The responsible surgeon should be the key person in this postoperative period.


Acute psychologic responses in the early postoperative period are rare and often secondary to anesthesia affects such as may be seen with ketamine. The anesthesiologist should be involved if this is suspected, and appropriate treatment provided. Psychiatric consultation should be requested sooner rather than later to assess the child’s mental status if there are concerns. Unlike consultation for long-term problems, this can be introduced to the parents as a routine measure.


Offering ongoing contact


The surgical event and postoperative period may precipitate longer-term psychologic problems. The procedure may have failed to meet the patient’s or parents’ expectations despite a satisfactory anatomical result, or there may be an emergence of conflict in the family, a disruption in school, withdrawal, etc. The surgeon, while not being directly responsible for any of these events, can be seen by the parent or child as linked to them. Offering ongoing contact, rather than fleeing from the distress, is probably the best way to manage the situation. There is, of course, a difference between offering ongoing contact and providing a therapeutic intervention in a situation with which a surgeon may have no professional experience. In these cases, the surgeon should make an appropriate referral.


In rarer instances, the surgical experience is one of the best experiences of care that a patient or parent has had. This may lead to an almost magical dependence on the surgeon for support long after the operation has been performed and the patient is well. Telephone calls, unexpected visits to the clinic, notes, gifts, etc, may all be signs of this type of response. Do not be overly flattered by these responses, but rather try to put the relationship with the patient and parent in a professional perspective. Encouraging this type of dependence can lead to regret if long-term consequences like disappointment or complexities emerge.


Use of the psychologic referral postoperatively


Some psychologic problems cannot be anticipated. If a need for psychologic or psychiatric consultation arises following a surgical procedure, it is best if the surgeon remains in control of this postoperative referral process. First, the surgeon should know the person to whom they are referring the patient, and the two should discuss the case. If not, the danger is that the consultant may offer advice that the referring surgeon is not comfortable with, which could pose problems. Although the issue is psychologic in nature, it is particularly important for the consultant to be familiar with the surgical procedures that have been done, the time course for the usual recovery, the expected outcomes, and some of the history of the family with the surgeon, institutions, and procedures. The consultant must realize that they have a responsibility to you as the attending referring surgeon and should not communicate solely through the chart. You should be responsible for making the effort to understand the consultation results and incorporate the guidance that you and the consultant deem appropriate. Social workers may be of great help in supporting the family, but the ultimate responsibility for the outcome rests with the surgeon.


Difficult Situations with Patients


Separated and divorced parents


It is not uncommon to have pediatric patients whose parents are separated or divorced. In some instances, the child has been a source of stress in the marriage, leading to the separation and divorce. In other cases, the child’s deformity has been the excuse for parental behaviors leading to the divorce.


Resolving family conflicts is not the job of the surgeon! However, understanding how the conflicts might contribute to behaviors of the child patient and the parents is of importance. Parental conflict over the decision to have an operation, disagreements about desired outcomes, negative concerns about the parent who cares for the child (on the part of the other parent), blaming one parent for passing on the undesirable gene, etc, can influence the nature of the discussion about surgery.


It is incumbent upon the surgeon to obtain a clear statement from both parents or caregivers about the desire and need for the operation and an agreement on the treatment plan. In reality, this will not always be possible. Therefore, it is important to note clearly in the record the legally designated guardian for the child. This is the person who ordinarily has the right to make decisions. Assuming both the child and the guardian are in agreement about the operation, it is safe to proceed. However, it is best not to get into a situation where the relationship with one parent precludes discussion with the other parent. Should there be an adverse outcome, the parental conflict can be a source of litigation. It cannot be emphasized enough that the surgeon should be clear on the identity of the legal guardian of the child after the presurgical interviews.


Patient and parents with negative prior experience


It is not uncommon for children with complex maxillofacial deformities to have more than one surgical procedure. The surgeon should always make inquiries as to past experiences. In the process, clarify how the currently contemplated procedure will be similar to or different from past procedures. Parents’ own experiences with surgery and their fears in relation to the experience are often relevant. Be aware that parental fears are transmitted to the child.


“You can do what no one else has been able to do!”


“I heard how great you are, doctor! I am sure you can make my daughter look like all the other children!”


Beware of heightened expectations! A claim such as “You can do what no else can do” is invariably a trap. Work at keeping expectations realistic. If expectations are set too high or if they are totally unrealistic, postoperative psychologic and adjustment problems often occur. It is far better for the family and the child to feel that they have achieved a better outcome than they could have hoped for than to be disappointed. The surgeon should not minimize their skills or be too pessimistic about the outcome, but they should not seek to reinforce “God-like” perceptions on the part of the family.




Absent mother or father


Experience over many years indicates that a danger signal for psychologic complications and dissatisfaction is the absence of one parent from any part of the operative planning or the operation itself. An example may be a father who brings the child for evaluation appointments and consistently says that the mother is too busy or burdened to attend. A second common scenario is the father who is a reluctant participant and who does not come to the hospital for the surgery or who is not present at the time the child is brought to the recovery room. These circumstances may reflect symptoms of some element of family dysfunction; in rarer instances, it is evidence of family psychopathology. When all goes smoothly, these issues may not surface, but if there are complications, the absence of either parent can greatly complicate decision making, leave the child feeling abandoned, and decrease the capacity for all to cope.


Additional medical condition(s) with life-threatening dimension


Congenital facial abnormalities are often accompanied by less visible physical abnormalities, some of which may be life threatening. An example is velocardiofacial syndrome with severe cardiac complications. In these cases, it is important to make sure that the non-maxillofacial aspects of the presenting syndrome are being cared for in a responsible manner. The surgeon should not assume the care of a problem beyond their area of expertise.


It is important to specifically differentiate, for the parents, non-maxillofacial aspects of the syndrome. If there are non-maxillofacial complications in the perioperative period, another physician or caregiver might potentially criticize the decision to undertake an “elective” procedure when the child suffered from a coexisting “more serious” and life-threatening problem. The parents may then ask, “Why did the surgeon agree to do that operation when they knew that my child suffered from … ?” If there are cardiac, neurologic, urologic, or other known physical ailments, it is incumbent on the surgeon to make sure that appropriate preoperative clearances appear in the medical record and are discussed with the family.


My child is “special”


Sometimes, in an effort to be reassuring or supportive of the young child with a facial deformity, parents will describe their child as “special.” This may or may not become an internalized perception. The label can have varying meanings, but when internalized, the perception of the parent can quickly and firmly guide parental and child behavior. Unfortunately, this is usually a maladaptive way of supporting the child and maladaptive for the child in social situations. It is a given that any child is “special” to their parents. However, the world does not view children with facial deformities as “special,” but rather as “different.” By labeling the child “special,” the parent does not help the child to develop a set of coping skills. This does not undermine the notion that for these children and their parents, a special focus on the development of skills that may compensate for functional deficits is important. For example, some parents have the child develop skills as a painter if the child is not articulate because of cleft palate.


The label of “special” becomes particularly difficult when there is an element of cognitive delay. The disconnect between the label and the way the child will be treated creates conflict and often serves to distance both the child and parents from potential helpers and friends. In some circumstances, the internalized “specialness” on the part of the child or adolescent can result in deviant behavior.


Effort to put the child at risk


A most troublesome, but thankfully rare, situation occurs when a parent has adopted a child with a congenital or traumatic injury and then finds that there is a need for corrective surgery. The parent may desire the corrective surgery to “mainstream” the child. In some circumstances, the desired cosmetic result is truly not worth the operative risk. When there is no predictable functional gain from the proposed operation, and yet the parent strongly desires the child to undergo the operation rather than coming to grips with the child’s deformity, one has to consider that the parent has unresolved feelings about the adoption of this “defective” child. In these circumstances, careful assessment may reveal that the parent would just as soon be rid of the child. The surgeon must evaluate the potential risk versus gain from the operation when there may be a very strong request on the part of the parent for potentially life-threatening, nonessential treatment. Acquiescence in this circumstance is counter to the best interests of the child, whose welfare must always be first.


Case example


HK, a 5-year-old Asian girl, was presented by her single, older, adoptive mother for correction of a webbed neck without any other associated malformations or an apparent cognitive deficit. The child, from the time of adoption, evidenced hyperactivity which resulted in the mother having to appear at school for many appointments. HK’s behavior required intervention. At home, HK did not respond to mother as she would have wished. The surgical evaluation suggested that HK’s webbing was not as significant as viewed by mother and that the likely surgical outcome and intraoperative risk did not warrant the procedure. When this message was conveyed to the mother, she expressed disappointment and in the following years presented several more times requesting the operation. Consultations with other surgeons resulted in the same recommendation. Psychologic evaluation of the mother, in the context of the overall evaluation of the child, indicated that she was profoundly disappointed in HK. The child did not provide her with the gratification she sought and significantly limited her prior lifestyle. The consultant’s concern was that the mother was deliberately seeking to put the patient at risk.


Patient with preexisting known psychologic problems


Mental illness or psychologic disturbance, such as attention deficit hyperactivity disorder (ADHD), is not an absolute contraindication to maxillofacial surgical procedures. However, it is important to elicit any history of existing psychologic problem(s). In some special situations, such as patients with TMJ dysfunction and facial pain, it is critical to get a precise history that may be psychologically relevant to the presenting complaint and treatment course.5 In these children, the frequency of depression as an etiologic factor warrants careful scrutiny. It is most important to know about the disorder prior to the surgical procedure and to make arrangements for continued active treatment postoperatively. The need for documentation is critical because some parents will attribute behavioral change or a worsening of a preexisting condition to the operation. The latter may be the case, but it is more difficult to understand without a thorough baseline evaluation. This diagnostic workup may simply involve obtaining available records, contacting a treating clinician, or referring to a specialist. Transient adjustment reactions may be expected postoperatively, but they are usually self-limited or resolved with minimal psychologic support as opposed to the more serious regressions seen with significant emotional disturbance.


When there is a mental health clinician involved with the patient, it is important to have direct contact with that provider. In the HIPAA era, this may be a challenge, but it will help the surgeon gauge the clinical status of the patient and the ongoing treatment. The surgeon may need to secure the services of a mental health provider in the hospital to cover the patient in the perioperative period. It is important to inform the mental health provider about the procedure and the type of support that may be required perioperatively and at home after discharge. The surgeon can be most helpful in facilitating the psychologic preparation of the patient if they accurately explain the procedure and the areas that may need to be addressed by the mental health consultant.


The child with developmental delay


Cognitive delay is associated with several craniomaxillofacial syndromes. In cases of Apert, Crouzon, trisomy, and other syndromes, care must be taken to make an accurate assessment of cognitive function. This assessment is needed to gauge the capacity of the individual to comprehend the procedure, to understand the degree to which compliance can be expected, and to appreciate how the patient may prioritize outcomes. For instance, many patients with limited cognitive ability will focus on functional outcomes such as chewing rather than on improved appearance. Preoperative documentation of cognitive function is also important in the assessment and determination of the etiology of any postoperative changes. In many young people, an element of psychologic regression, but not loss of cognitive functions, can be seen postoperatively. This is manifest by more immature behavior.


Difficult Situations with Colleagues


Differing views on the approach to the patient heard by the family


It is enormously helpful, especially in training settings, to have a group discussion of the patient’s condition and options for the surgical approach to the problem. Unfortunately, the dialog in such situations can sometimes wrongfully convey uncertainty to the patient and family about the ultimate approach or cast unintended negative aspersions on the operating surgeon’s acumen. These latter outcomes are to be avoided. If the setting where patients are reviewed has too little organization and too great a propensity to stimulate discussions that a lay person might not understand, then the surgeon should consider having the broader discussion in some type of office case review or rounds and keep the more public meeting limited to an opportunity to view the patient. Even with the ever-present time constraints and the focus on productivity, these meetings remain essential for good clinical care.


The team


It is common to have a “maxillofacial team,” which is generally to be considered a strength.12 The team can offer support to the surgeon, the patient, and the family. However, it must be remembered that a team needs an identifiable leader, and the leader must orchestrate the team function and procedures. It is not sufficient to identify “the team” to a parent and then leave the parent and patient to figure out what may be a complex set of interrelationships. This complexity can lead to confusion and dysfunction that contributes to an unsatisfactory result, even when the surgical outcome itself is quite satisfactory. It is helpful to have a written document explaining the role of the team and its members. Remember, there is no “collective responsibility” for an operation! The surgeon is always the responsible person.


Coverage


You can expect that patients and families will want or need you at the most inopportune times. It is essential to arrange for knowledgeable and available coverage. “I could not get in touch with the doctor” is a prelude to many negative outcomes and greatly increases the surgeon’s liability. It is important to know who is covering for you and to inform that clinician of what they can expect in relation to particular patients. It is very disconcerting for parents to hear from the covering physician that they know nothing about a procedure, or that if they had done the operation, they would have done it differently. Therefore, know and inform your covering surgeon or resident, and make sure they will be an ally.


House officer versus staff


“Who is going to do my child’s operation?” The answer must be truthful. There is no reason to assume that operative records will be privileged communication. Informed in the proper way, most families will understand the role of the attending surgeon and the participation of trainees. Parents are usually comfortable if the attending surgeon is present and scrubbed during the entire operation, even if they are helping a resident do parts of the procedure. It is also important to reassure the parents that any resident doing components of an operation is capable by years of training and experience to do so under the attending surgeon’s supervision. If the family is not comfortable with this, the surgeon must consider offering them the opportunity to go elsewhere, eg, to a non-teaching hospital, or to alter their approach in performing the operation. It is not sufficient to say that the institution is a training institution.


Billing concerns


The surgical outcome may have been just what was expected, but the parents may complain bitterly that the experience was bad. Often, this feeling comes from confusion over billing, repeat billing, or inaccurate billing. This scenario is increasingly frequent because of the complex relationships between surgeons and hospitals, hospitals and third-party payers, and surgeons and third-party payers. The degree to which this confusion can lead to permanent dissatisfaction and litigation cannot be underestimated. When the outcome is less satisfactory than the family expected, receiving a bill perceived to be unjust will only fuel litigious responses. The surgeon should recognize this as an important issue, and the office staff should be trained to help patients with these conflicts. Otherwise, the family will feel abandoned, and this issue will fuel considerable discontent.


The Unfavorable Outcome


The term “unfavorable result” was popularized by Goldwyn13,14 in his book, The Unfavorable Result in Plastic Surgery, which describe a myriad of outcomes viewed by the patient, family, and surgeon as unsatisfactory or disappointing. The term and its implications are considered in this chapter because to some extent, short of surgical errors, a great deal of the grief associated with unfavorable outcomes can be anticipated and dealt with during the preparation of the patient for surgery.15 When there is adequate preparation that anticipates a possible unfavorable result, the surgeon is in a better position to work with the patient and family to ameliorate disappointment and anger and avoid litigation.


In the current era, the surgeon and surgical team should be aware of the hospital’s guidelines for dealing with an adverse event or the expression of dissatisfaction on the part of the family or patient. Failure to notify the appropriate authorities and provide the required documentation can increase personal and institutional liability. Formal notification to the appropriate/designated institutional authority is required in the time frame specified by the institution. In turn, the institution will usually provide risk management advice.


When the family presents with concerns that the outcome is not what they wanted or expected, it does no good to be defensive. It is important to listen to the family or patient and indicate that you are prepared for continued conversations. In the initial discussion, you as the surgeon (and not a surrogate) should convey empathy, concern, and assurance that you, the team, and the institution will make every effort to meet the patient’s needs. In this process, the surgeon should hear from all involved members of the family: father, mother, child, siblings, and any other accompanying party. It may become clear that the patient is satisfied but a parent is not, or vice versa. The surgeon should help the dissatisfied patient or relative understand if the result that is considered “unfavorable” is likely to change or improve over time. If there has been some miscommunication, or if family members have modified their expectations after the operation, the surgeon should point this out. These circumstances illustrate the importance of documentation and discussion of expectations during the preoperative phase. Both before and after the procedure, it is important to review the operation, and in the case of an adverse outcome (objective or subjective), known facts should be established. Make sure that the patient and family comprehend what is being stated. There are always potential language problems, lack of familiarity with terminology, or overwhelming emotions in the heat of the moment that limit understanding.


How should the surgeon respond when objectively the result is as good or better than one could have expected, but the patient or family remain unhappy? It is important, as noted above, to ascertain who is disappointed. However, in this case, a more sophisticated psychologic assessment is required. If it is the patient who remains unhappy in the case of a good anatomical result, then some other psychologic issues should be considered. For instance, rarely, there may be a persistent somatic delusion. This may not have been as evident when there was an objective deformity but becomes all too clear when surgery has improved the individual’s physical appearance. In other instances, the dissatisfaction comes not from anyone in the room, but emanates from comments made by others. In this case, it is important to help the family put these comments into context.


If there has been an intraoperative error or complication, do not attempt to cover it up or minimize its potential impact. Box 2-1 describes actions to take and to avoid when communicating with the patient and family after an adverse event or unfavorable result. Notify the patient and family as soon as feasible. Do not attempt to avoid the patient or family. Do not use a surrogate to speak on your behalf. Be honest and transparent. Explain what happened without speculation and do not place the blame on others. Be empathetic, but avoid over blaming oneself. Do not ask for forgiveness or emphasize your own feelings of sadness, guilt, or remorse. Accept that there may be some questions for which you don’t have the answers. Most importantly, reassure the patient that communication, discussions, and support will continue as needed. Follow-up with the patient and family regarding the need for clinical and social support. Inform the patient of outcomes and recommendations of any morbidity conference and institutional review. Be prepared that the patient or family may seek a second opinion, and do not become defensive.


Box 2-1 Managing child and parents after an adverse event or an unfavorable result




Useful tips


• Be empathic.


• Elicit questions and concerns.


• Be transparent and clear regarding facts.


• Allow for silence: sit with the patient’s emotions.


• Accept that there may be some questions for which you don’t have the answer.


• Reassure the patient that the discussions and support will continue as needed.


• Follow up with the patient regarding clinical or social needs. Keep the patient informed regarding the status of the review. Inform the patient of system changes adopted to prevent recurrence.


Avoid


• Speculation


• Medical jargon


• Talking too much


• Over-blaming self


• Ascribing blame to others


• Emphasis on your own emotions (versus empathy)


• Asking for forgiveness





The outcome of discussion(s) with the family should be reported to the appropriate hospital risk management team and/or legal department as required. There should be careful documentation of the contacts and outcomes of conversations with the family, but conjecture regarding blame or other speculative ideas should be avoided. Remember, there is no such thing as absolute medical record confidentiality in the current era in the case of litigation or, despite safeguards, in the electronic medical record.


Conclusion


The vast majority of maxillofacial operations go forward in a most benign way with excellent patient and family satisfaction. Over the years, preoperative preparation for children and families has become the standard. In this chapter, we reviewed issues and techniques that will be of use either as a reminder or for enhancing one’s approaches.
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Any operation for a pediatric patient, whether it is emergency treatment for trauma, reconstruction after tumor resection, or correction of a birth defect, may have adverse effects on growth. Therefore, knowledge about wound healing, normal growth patterns, and timing of slow and accelerated growth periods should be a prerequisite for anyone planning or executing surgical procedures in children. This chapter helps guide the clinician to design and carry out interventions with the least potential for adverse consequences on facial growth.


General Observations on Growth Data


The majority of investigations on growth of craniofacial structures are based on longitudinal cephalometric radiographs. Many cross-sectional studies have also been conducted. Measurements are linear or angular, and changes are assessed in time intervals. They may be recorded and displayed as velocity curves, ie, changes during a specific time period, or as distance curves, ie, actual measurements at given ages. Cephalometric x-ray units produce an image with an average of 9% magnification. Errors may result from inaccuracies in head position, variations in landmark location, and inaccuracies in measuring lines and angles. This third source of errors has been significantly reduced by current digital technology. Digital radiology imaging employs sensors, rather than film or radiography plates, to directly transfer x-ray images into the picture archiving and communication system (PACS). Digital radiography is routinely used today in hospitals as well as medical, dental, and orthodontic offices for the acquisition, measurement, and analysis of cephalometric and 3D images. Also, digital imaging software enables orthodontists and other clinicians to easily manage cephalometric radiographs and to reduce errors resulting from tracing images and recording measurements. The sum of errors should be within 1 mm for linear and 1 degree for angular measurements to yield reliable growth information.


During childhood, most craniofacial structures grow at a slow rate, often within the measurement error during 1-year intervals. The exceptions are vertical changes of the alveolar processes and length increases of the mandible, where readily measurable changes take place even during short intervals.


Maturity of craniofacial structures can be evaluated using several maturation indices. The cervical vertebral maturation index (CVMI) and skeletal maturation index (SMI) methods have demonstrated high reliability and validity to assess the adolescent growth peak. These methods may also be useful in detecting periods of reduced growth rate, which would help determine the proper timing of orthognathic surgery.1




Dimensional and Proportional Growth Changes of Craniofacial Skeletal Structures


Cranium and the cranial base


The size of the cranium is determined by growth of the brain. The length and width of the cranium have reached 60% to 65% of adult size at birth, and this is also the case for orbital size. The optic nerve and eye are extensions of the brain and follow brain growth rather than growth of the facial skeleton. The internal volume of the skull reaches its full size by age 4 to 5 years. The external dimensions increase as the skull bones thicken and muscle attachment areas develop.


The cranial base has reached 55% of total length at birth and continues to grow, particularly at the spheno-occipital synchondrosis, which remains open until skeletal maturity is achieved. Growth in width of the cranial base occurs at sutures and is determined by the shape of the growing brain. A distinction is usually made between a narrow, elongated, dolichocephalic head shape with a cephalic index (maximum breath of the skull divided by its length and multiplied by 100) of 75 or less, and a broad, brachycephalic skull with a cephalic index of 80 or greater. The flexion and length of the cranial base are determinants for the relative vertical and horizontal positions of the maxilla and mandible.2 The width of the anterior cranial fossa is also one of the determinants for the width of the nose and the palate.


Upper face width is usually measured as the bizygomatic distance. It is on average 60% of adult size at birth and increases by 31% or 32 mm from age 2 years to early adulthood in males and 26% or 27 mm in females3 (Fig 3-1). There is great variation among individuals in actual measurements.
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Fig 3-1 Frontal views of the infant (a), mixed dentition (b), and adult (c) skulls. Upper face width is on average 60% of adult size at birth and increases by 31% or 32 mm from age 2 years to early adulthood in males and 26% or 27 mm in females. Face height can be measured as the distance from nasion (N) to gnathion (G), demonstrating an average increase of 1.7 mm per year during the growth period.





Maxilla


The maxilla occupies the space between the zygomatic bones laterally, the nasal structures medially, and the orbits superiorly. During growth, sutures divide the frontal bone, nose, and maxilla in the midline, allowing increase in width. This occurs along with the more dramatic increase in vertical development that takes place in the face. It is interesting to note that the position of the zygomas is not dependent on the maxilla. For example, in circumstances where the maxilla has been resected as treatment for a tumor, the zygomatic bones do not exhibit any growth abnormality. Similarly, when the lateral segments of the maxilla have collapsed medially, as a consequence of cleft lip/palate or cleft palate, the adjustments occur on the maxillary side of the zygomaticomaxillary suture.4


Postures of the mandible and tongue are also factors that play important roles in maxillary development in the sagittal, transverse, and vertical planes. If the tongue is not resting in the palate, as it normally should, the typical adaptation is a narrow maxilla with increased vertical and sagittal length. This results in clockwise (backward) rotation of the mandible with a Class II malocclusion, often with an anterior open bite, proclined maxillary incisors, and retroclined mandibular incisors.5


The depth of the face, which also indicates the sagittal position of the maxilla, can be measured from the anterior nasal spine to the most anterior point on the occipital condyles. The average dimension in Caucasian individuals is 80 mm at age 4 years. This dimension increases on an average of 1.25 mm per year during growth. Face height can be measured as the distance from nasion to gnathion, demonstrating an average increase of 1.7 mm per year during the growth period. The facial profile is commonly described by the angle of convexity, measuring the relative prominence of the forehead, the midface, and the chin. This angle increases an average of 1 degree per year, mostly as a consequence of mandibular growth and chin projection.6


According to data from the Burlington Growth Study, the maxillary unit length, as measured from condylion to the anterior nasal spine, grows an average of 1.5 mm per year, slightly less in females than in males5,6 (Tables 3-1 and 3-2).





Table 3-1 Growth changes in a random group of boys observed on standard cephalometric profile radiographsA






	

Age (y)




	

No.




	

Length (mm)




	

SD









	

Min




	

Mean




	

Max













	

TMB–ANSC (1a)









	

6




	

118




	

76




	

82




	

90




	

3.19









	

9




	

102




	

80




	

87




	

97




	

3.43









	

12




	

96




	

85




	

92




	

101




	

3.73









	

14




	

66




	

88




	

96




	

108




	

4.52









	

16




	

72




	

93




	

100




	

111




	

4.17









	

TM–Pg (2a)









	

6




	

118




	

90




	

99




	

108




	

3.85









	

9




	

102




	

98




	

107




	

117




	

4.40









	

12




	

96




	

102




	

114




	

127




	

4.90









	

14




	

66




	

107




	

121




	

137




	

6.05









	

16




	

72




	

116




	

127




	

139




	

5.25









	

Lower face height: Ans–Gn (3a)









	

6




	

118




	

52




	

59




	

72




	

3.55









	

9




	

102




	

53




	

61




	

74




	

4.25









	

12




	

96




	

53




	

64




	

76




	

4.62









	

14




	

66




	

56




	

68




	

82




	

5.23









	

16




	

72




	

57




	

71




	

86




	

5.73









	

Difference between TM–Pg and TM–ANS (2a – 1a)









	

6




	

118




	

10




	

17




	

27




	






	

9




	

102




	

13




	

20




	

28




	






	

12




	

96




	

12




	

22




	

30




	






	

14




	

66




	

14




	

25




	

38




	






	

16




	

72




	

17




	

27




	

39




	






	

Min = minimum; max = maximum; SD = standard deviation; Pgn = prognathion; Gn = gnathion.


AMagnification 9%


BTemporomandibular point (TM): A point in the articular fossa on the line from prognathion through the condyle that indicates the maximum length of the mandible.


CAnterior nasal spine (ANS): A point on the lower curvature of the spine where the vertical thickness is 3 mm.












    


Table 3-2 Growth changes in a random group of girls observed on standard cephalometric profile radiographsA






	

Age (y)




	

No.




	

Length (mm)




	

SD









	

Min




	

Mean




	

Max













	

TMB–ANSC (1a)









	

6




	

88




	

73




	

80




	

89




	

2.96









	

9




	

79




	

78




	

85




	

93




	

3.43









	

12




	

71




	

80




	

90




	

102




	

4.07









	

14




	

49




	

81




	

92




	

104




	

3.69









	

16




	

53




	

86




	

93




	

105




	

3.45









	

TM–Pg (2a)









	

6




	

88




	

88




	

97




	

105




	

3.55









	

9




	

79




	

94




	

105




	

113




	

3.88









	

12




	

71




	

102




	

113




	

124




	

5.20









	

14




	

49




	

104




	

117




	

128




	

4.60









	

16




	

53




	

109




	

119




	

128




	

4.44









	

Lower face height: Ans–Gn (3a)









	

6




	

88




	

49




	

57




	

65




	

3.22









	

9




	

79




	

50




	

60




	

70




	

3.62









	

12




	

71




	

53




	

62




	

74




	

4.36









	

14




	

49




	

54




	

64




	

72




	

4.39









	

16




	

53




	

55




	

65




	

74




	

4.67









	

Difference between TM–Pg and TM–ANS (2a – 1a)









	

6




	

88




	

10




	

17




	

24




	






	

9




	

79




	

13




	

20




	

28




	






	

12




	

71




	

16




	

23




	

36




	






	

14




	

49




	

18




	

26




	

39




	






	

16




	

53




	

19




	

26




	

39




	






	

Min = minimum; max = maximum; SD = standard deviation; Pgn = prognathion; Gn = gnathion.


AMagnification 9%


BTemporomandibular point (TM): A point in the articular fossa on the line from prognathion through the condyle that indicates the maximum length of the mandible.


CAnterior nasal spine (ANS): A point on the lower curvature of the spine where the vertical thickness is 3 mm.














Mandible


Based on animal experiments and clinical studies, it is now generally believed that the mandible is carried forward during growth by its suspension system of muscles and ligaments. Condylar growth occurs as an adaptation rather than as a driving force. Nevertheless, some endocrine effect on mandibular growth must be assumed, as the length increase of the mandible so closely follows the length increase of long bones, presumed to be hormonally controlled. It has also been observed that although growth of the mandible can occur in the absence of a condyle, the growth is usually less than normal. The lateral pterygoid muscle is a crucial element in mandibular growth. If this muscle is missing, mandibular length will be severely impacted, as is seen in individuals with hemifacial microsomia. Restriction of jaw movement, as can be seen in ankylosis following trauma, will also result in severe growth impairment.


The normal mandible is often the very last bony structure to stop growing. According to data from the Burlington Growth Study, mandibular length measured from condylion to prognathion increases by an average of 2.5 mm per year, slightly less for females than for males. The advancement of the chin that this growth produces is determined by the vertical development of the face, which in turn is determined by the dentoalveolar development in both jaws5,6 (see Tables 3-1 and 3-2).


Spatial relationship between the jaws


Many cephalometric analyses have been developed since 1931 when Broadbent published his first work on the cephalostat and the value of oriented head films in assessing growth and planning treatment for malocclusions.7 The fact that there are many different measurement techniques for head film analysis indicates that no single one has been accepted as being superior to the others. One reason for the many approaches is that different analyses have been developed for different purposes. Several of the most frequently used analyses are available as software packages for personal computers (Downs, Steiner, Ricketts, BjÖrk, McNamara).8–10 Most analyses use similar landmarks, planes, angles, and reference lines. Data banks have been developed for normative values that can be accessed and used as controls for various study samples. The largest and most commonly used data banks are the Bolton Standards, the Michigan Standards, and the Burlington Orthodontic Research Centre Standards.8,11,12 Most analyses and software programs have been developed for the lateral cephalogram. When asymmetries are present, other views, such as posteroanterior (PA), right and left oblique, and submental vertex are needed. 3D CT data are especially helpful for complex deformities.


CBCT was initially introduced for oral and maxillofacial application. It offers many advantages over conventional CT, primarily by reduced radiation exposure, shorter scan time, and lower cost. Although there are some disadvantages, such as poorer image quality and increased noise and artifact, its convenience has led CBCT to become widely used in the fields of dentistry, oral and maxillofacial surgery, and craniofacial surgery.


In this section, some easy-to-use methods for assessing position, size, and relationship of the maxilla and mandible are presented. Commonly used landmarks are shown in Fig 3-2, and lines and planes are shown in Fig 3-3.13




[image: ]


Fig 3-2 Tracing of lateral head film with commonly used landmarks and the angle of convexity: between Pg–ANS and ANS–N. (Modified from Vargervik.13)







[image: ]


Fig 3-3 Tracing of lateral head film with commonly used reference lines and planes. SN = sella nasion line; FH = Frankfort horizontal plane; PP = palatal plane; OP = occlusal plane; MP = mandibular plane. (Modified from Vargervik.13)





Methods of relating the maxillomandibular complex to the forehead represented by nasion are shown in Figs 3-4 and 3-5. Harvold developed a simple but practical method to relate the maxilla and mandible to each other, taking into account both the sagittal and vertical relationships. The Harvold triangle is presented in Fig 3-6. The length and height dimensions of this triangle are projected on the midsagittal plane. The center is at condylion, with one radiant extending to the anterior nasal spine and the other to prognathion. These two distances, as well as the distance between the anterior nasal spine and menton, are measured in millimeters and are commonly referred to as maxillary and mandibular unit lengths and anterior face height, respectively. For this triangle, the point on the lower contour of the anterior nasal spine, where the thickness of the spine is 3 mm, is used for the horizontal measurement. The corresponding point on the superior surface is used for the vertical measurement. The measured maxillary and mandibular unit lengths and lower face height are used to relate the jaws to each other and are compared with data from a random sample of serial radiographs of male and female subjects from the Burlington Orthodontic Research Centre (see Tables 3-1 and 3-2). This data bank was obtained by taking standard cephalometric lateral head films of a random group of boys and girls at ages 6, 9, 12, 14, and 16.




[image: ]


Fig 3-4 The angles SNA and SNB are used to assess the relative prominence of the upper and lower anterior alveolar processes to the forehead and to each other. (Modified from Vargervik.13)







[image: ]


Fig 3-5 The position of the lower face relative to the upper skeleton can also be measured by the distance of point A and point B from a line perpendicular to the FH plane, drawn through nasion. (Modified from Vargervik.13)







[image: ]


Fig 3-6 The Harvold triangle relates the two jaws to each other in both the sagittal and vertical planes. (Modified from Vargervik.13)





The unit length difference between the jaws is a significant indicator of how the jaws are matched in size. Differences toward either end of the sample range show unfavorable matching and may indicate a need for jaw surgery to achieve good occlusion and well-balanced facial proportions. The vertical dimension must be evaluated as well. Dentoalveolar compensations may mask skeletal disproportions and must be considered in treatment planning.


With regard to growth changes and predicting the effects of growth after surgical interventions, it is important to keep in mind that the two jaws grow forward at different rates. The mandibular length increases a yearly average of 1 mm more than the maxilla. At the same time, the lower anterior face height increases by 1 mm per year on average. The eruption path of the teeth in the maxilla is as much forward as it is downward, at about 55 degrees to a line drawn from condylion to the anterior nasal spine (Fig 3-7). The mandibular teeth erupt at about right angles to the lower border of the mandible (Fig 3-8). This means that influencing vertical development also influences the sagittal relationship between the upper and lower jaws and teeth (Fig 3-9). Tongue size and posture, mandibular posture, thumb and finger sucking, and other habits all influence the shape and relationship of the dental arches.




[image: ]


Fig 3-7 The path of eruption of maxillary molars relative to a line drawn from condylion to the anterior nasal spine, approximately 55 degrees.
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Fig 3-8 The path of eruption of mandibular molars relative to the mandibular plane, approximately 90 degrees.
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Fig 3-9 The relative vertical position of the maxillary and mandibular molars will determine their sagittal relationship. At level a (solid line), the molar relationship will be Class I; at level b (dotted line), it will be Class II. During growth, treatment intervention with headgear or functional appliance can change a Class I molar relationship to Class II by holding back maxillary vertical development.





The general rules for timing of surgical procedures of the jaws are summarized in Box 3-1.


Box 3-1 General rules for timing of surgical procedures of the jaws




• Mandibular deficiencies: Can be approached early if needed


• Mandibular excess: Should be postponed until end of growth


• Maxillary sagittal deficiency: Should be postponed until end of mandibular growth


• Maxillary vertical excess: Impaction can be done after eruption of permanent teeth, at 12 to 14 years, if indicated







Growth Considerations in the Management of Mandibular Malformations


Hemifacial microsomia


Hemifacial microsomia (HFM) is the second most common congenital craniofacial anomaly after cleft lip and palate. The most frequently quoted incidence estimate is 1 in 5,600 live births.14 Often referred to as oculo-auricolo-vertebral (OAV) spectrum, this birth defect includes very heterogeneous phenotypes. In the mildest form, the only clinical manifestation may be ear tags with or without malformed ears. The most severe cases may present with malformed ears, temporal bone involvement (including missing glenoid fossa or missing both condylar and coronoid processes), rudimentary muscles, and facial nerve involvement. Descriptions, management protocols, and outcomes have been described in several publications and are reviewed in chapter 15 of this book.15–17


In this condition, the structures that are necessary for normal mandibular growth are affected, and growth impairment is always present, but in varying degrees depending on the primary tissue deficiencies. Typically, both the bony and soft tissues are hypoplastic on the affected side, resulting in facial contour asymmetry as well as midline deviations and canting of the nasal floor and the occlusal and mandibular planes. Surgical intervention is usually indicated when the facial asymmetry is outside of normal variation. Figure 3-10 shows photographs and CBCT superimpositions of a 14-year-old boy with HFM who underwent two-jaw surgery at skeletal maturity. Figure 3-11 shows the long-term follow up of a patient with HFM from age 5 through orthodontic treatment, two-jaw surgery, and fat augmentation.




[image: ]


Fig 3-10 (a to c) Facial and occlusal photographs of a 14-year-old boy with HFM, before orthodontic treatment and jaw surgery. (d to f) Facial and occlusal photographs 1 year and 10 months after completion of orthodontic treatment and jaw surgery. (g and h) CBCT images before orthognathic surgery. (i and j) Skeletal superimposition at 3 years and 2 months after orthognathic surgery. (k and l) Soft tissue superimposition at 3 years and 2 months after orthognathic surgery.
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