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INTRODUCTION
Apert syndrome (AS) was first described by French 

physician Eugene Apert in 1906.1 In his renowned pub-
lication, “De l’acrocephalosyndactylie,” Apert meticu-
lously describes the complex deformities he observed in 
similar patients, coining the term acrocephalosyndactyly.2 
Now known as AS, or acrocephalosyndactyly type I, this 
syndrome is a rare genetic disorder with an estimated 
prevalence between one in 80,000–200,000 live births.3,4 
The literature contains ample evidence for the need to 
treat cranial, midfacial, and hand abnormalities. However, 

there is a paucity of information that describes the pathol-
ogy, anatomy, and treatment of the entirety of the upper 
limb, especially as it pertains to the elbow and shoulder. 
Therefore, our objective is to provide a comprehensive 
overview of the clinical presentation and management 
strategies pertaining to the entire upper limb in AS.

DIAGNOSIS
Diagnosis relies on a combination of clinical, radiolog-

ical, and genetic findings. The most frequently observed 
clinical finding includes an atypical head shape, result-
ing from the premature closure of one or both coronal 
sutures. This can lead to other conditions such as brachy-
cephaly or plagiocephaly. Other brain anomalies such as 
hydrocephalus, agenesis, or dysgenesis of the corpus cal-
losum is also common.5–7 Moreover, complex syndactyly, 
thumb abnormalities, and symphalangism are character-
istic hand findings. Prenatal ultrasounds combined with 
fetal magnetic resonance imaging can identify fetal mor-
phological abnormalities in utero.8,9 Anomalies related 
to cranial development have been observed in utero as 
early as the 19th week of gestation.10 Additionally, recent 
advancements in three-dimensional prenatal ultrasound 
have been shown to successfully demonstrate character-
istic features during the third trimester of pregnancy.11,12 
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Genetic testing for a missense mutation on chromosome 
10q confirms the diagnosis.13

CLINICAL FEATURES
The most prominent clinical features are a combina-

tion of craniosynostosis; midface hypoplasia; and symmet-
ric, complex syndactyly with symphalangism of the hands 
and feet.14,15 Symptoms related to the skin, central ner-
vous, cardiac, gastrointestinal, and urogenital system, and 
vertebral anomalies have rarely been reported.16 Further 
clinical features of the upper limb, including the hand, 
elbow, and shoulder, are detailed as follows.

Hand
One of the hallmark characteristics of AS is complex 

hand syndactyly. Symphalangism and clinodactyly are also 
frequently observed. The degree of thumb involvement in 
hand syndactyly provides the overall basis for the Upton 
classification.17 In Upton type I (referred to as spade 
hand), the thumb remains free, whereas the central three 
digits are fused together, with the thumb appearing flat 

and separate. There is a variable amount of syndactyly of 
the fourth webspace in this type (Fig. 1). In Upton type 
II (known as mitten hand), both the thumb and central 
three digits are fused, creating a concave palm (Fig. 2). In 
Upton type III (referred to as rosebud hand), all digits of 

Takeaways
Question: What is our understanding of the pathology, 
management, and treatment of upper extremity deformi-
ties in children with Apert syndrome?

Findings: This article provides a comprehensive overview 
of the clinical presentation and management strategies 
pertaining to the entirety of the upper limb in Apert syn-
drome. Due to the scarcity of management protocols, we 
propose treatment algorithms to help guide providers in 
treating deformities of the hand, shoulder, and elbow.

Meaning: To optimize outcomes, added cognizance of 
upper limb congenital differences and their management 
should be highly advocated for in patients with Apert 
syndrome.

Fig. 1. Upton type i hand in a patient with apert syndrome. a–c, Preoperative views.

Fig. 2. Upton type ii hand in a patient with apert syndrome. a–c, Preoperative views.
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the hand are fused together, with a complex bony coali-
tion (Fig. 3).18

Shoulder
Less commonly, affected individuals present with a 

range of developmental abnormalities of the shoulder 

girdle, leading to limited shoulder mobility. Cuthbert19 
first drew attention to the prominence of the acromial 
process with associated deformity of the humeral head 
and glenoid. Glenoid dysplasia emerged as the most 
prevalent abnormality in the cohort described by Kasser 
and Upton.20 Murnaghan et al. corroborated many of 

Fig. 3. Upton type iii hand in a patient with apert syndrome. a–D, Preoperative views.
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these physical and pathological findings, with the addi-
tional observation of medial humeral head hypoplasia.21 
When reviewing the magnetic resonance imaging findings 
in a 10-month-old with AS, the results revealed glenoid 
hypoplasia and growth arrest of the medial aspect of the 
humeral head.22 Complete glenohumeral synostosis has 
also been documented as a rare finding.23

Progressively worsening with age, the glenohumeral 
joint can result in restrictions in abduction, forward flex-
ion, and internal and external rotation.20,24 Kasser and 
Upton20 observed that the motion of the glenohumeral 
joint was consistently impaired and decreased as the child 
matured. Wood et al25 observed shoulder abduction limi-
tations, suggesting anterior subluxation, with four of nine 
patients demonstrating shoulder incongruity.

Elbow
Park and Powers26 were the first to allude to a con-

genital abnormality of the elbow with an illustration of a 
patient with significant bilateral flexion contractures. In a 
prospective radiographic study, evaluating the incidence 
of elbow anomalies in patients with syndromes associated 
with craniosynostosis, it found that anomalies of the elbow 
were very common in AS, with the most common being 
complete or proximal radiolunar synostosis.27,28 Proximal 
radioulnar synostosis occurs due to the incomplete prena-
tal segmentation of the forearm bones, leading to limited 
rotational movement of forearm.29

Beligere et al24 recorded limited extension of the 
elbow joint in seven of 10 children with AS. Upon retro-
spectively analyzing radiographic and clinical findings at 
the elbow joint, the authors discovered that of 19 patients, 
seven experienced reduced elbow extension, another 
seven demonstrated a lack of elbow flexion, two had fused 
elbow joints, and the remaining had segmented joints.20 
Furthermore, Wood et al25 noted flattening and sublux-
ation of the radial head in radiographs with a positive click 
on physical examination in most patients with AS.

MANAGEMENT
Shortly after birth, children are first referred to cra-

niofacial centers for treatment of calvarial and midfacial 
anomalies.30 In cases in which children are born with an 
obstructed airway, immediate attention is required. Next, 
typically between 2 and 4 months old, release of the fused 
cranial sutures can be performed. If this is not indicated, 
then posterior cranial vault distraction, calvarial vault 
remodeling, or a fronto-orbital advancement is typi-
cally performed between 9 and 11 months. It is typically 
between these two critical surgical events that care of the 
upper limbs is coordinated with the orthopedic or plastic 
hand surgeon specializing in congenital hand abnormali-
ties. In the following section, we discuss past literature rec-
ommendations and our current model for management 
of the upper limbs in AS.

Hand
The management of hand phenotypes in AS demands 

a multifaceted and individualized approach, considering 

the wide variability in anatomical presentation. There 
are many staging algorithms and technical variations that 
have been proposed for syndactyly release and reconstruc-
tion of metacarpal structures.3,31 After determining the 
extent of hand malformation, a surgical correction strat-
egy can be coordinated, typically spanning over the course 
of several years. Overall, the goal is to minimize the num-
ber of operations by addressing as many digits or hand 
components as possible, performing bilateral procedures, 
combining procedures with different anatomical regions 
(such as the feet), and achieving a functional and aes-
thetic hand with an opposable thumb with three to four 
fingers, depending on individual anatomy.17

The optimal timing for initiating surgical correction 
of the hand is generally recommended around 6 months 
of age.3,32 This recommendation is based on the under-
standing that operating on a hand younger than this 
age presents with significant surgical challenges. These 
include dealing with smaller structures and encountering 
a greater amount of subcutaneous fat which complicates 
the mobilization of skin flaps, and, because of the little 
hand growth which has occurred, the risk of significant 
web creep greatly increases (the hand will roughly double 
in size in the first 3 years of life). Additionally, because lat-
eralized manual hand preference manifests at 21 months 
of age, but fine reach-to-grasp does not manifest until 3 
years old, the goal of early surgery is to complete prehen-
sile hand reconstruction by the age of 3. Exceptions for 
this timeline, however, do exist; for instance, early cor-
rection of digit abnormalities can commence as early as 
3 months of age, offering benefits in preventing growth 
discrepancies, especially in cases of syndactyly involving 
border digits and with significant contracture. Conversely, 
delaying surgical correction presents with advantages such 
as enhanced growth potential, enabling operations on a 
more developed structure, and decreasing the risk of post-
operative complications.

Surgical planning first is necessary to determine the 
degree of hand malformation and the steps needed for 
reconstruction. Radiographs combined with a detailed 
physical examination provide the basis for a comprehen-
sive surgical plan, that is, by necessity, staged over many 
years. Almost universally, consensus dictates addressing 
the first webspace first; a mobile and stable thumb with a 
broad first web space is essential to good hand function. In 
type I hands with incomplete syndactyly (and a minority of 
type II hands) leading to a shallow first webspace, the most 
common approach is a 4- or 5-flap Z-plasty to deepen the 
web space at the same time of finger separation (Figs. 4 
and 5).33 In complete first webspace syndactyly as in type 
II or type III hands, a large dorsal rotational flap (Ghani 
modification of the Buck-Gramcko flap) or first dorsal 
metacarpal artery flap3,31,32 is required to provide adequate 
soft tissue for the webspace. More avant-garde approaches, 
such as a reversed posterior interosseous artery flap have 
also been described (Fig. 6).34 Release of tight adductor 
muscles is often required. In selected cases, especially 
severe type III hands with a short thumb, index amputa-
tion has been advocated to provide relative widening of 
the first webspace and gain additional dorsal tissue.17 The 
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non-Z-plasty solutions avoid interdigitating flaps in the 
webspace and allow for subsequent readvancement of tis-
sue during subsequent surgery to deepen the webspace.

Release of complex syndactyly follows the general sur-
gical principle of ensuring adequate soft-tissue coverage 
after release by using local flaps or skin graft and avoid-
ance of releasing both sides of the same digit in one session 
to ensure vascularity, which is of particular importance in 
given common neurovascular anomalies in affected chil-
dren.33,35 Although the order of separation is contentious 
(we advocate for border digit separation first, along with 
the first webspace), prioritizing the release of the border 
digits, by necessity, will result in three operations to create 
a five-digit hand, rather than a complete release in two 
stages as advocated by Fearon and others.3,31,36

Separation of the fingers can be achieved by creat-
ing the webs using dorsal metacarpal flaps37 and a zig-
zag (Fig. 7)31,32 or straight-line3 incisions distally. Cordray 
et al38 advocate for the use of straight-line incisions due 

to decreased complication rates and less visible scars. 
Remaining skin defects can be addressed by applying 
full-thickness skin grafts harvested from the lower abdo-
men.3,31,39 Groin flaps may be used to provide coverage to 
the central digit.32 To address nail deformity commonly 
associated with type III hands, Buck-Gramcko flaps are 
utilized to create a paronychium by utilizing adjacent 
pulp tissue.40 Although there are descriptions of utiliz-
ing external distraction to progressively recruit soft tissue 
and nail matrix before separating complex syndactyly, 
this approach is less commonly used due to its demand-
ing nature.41 Revision procedures may be necessary due to 
web creep and to further deepen the commissures.

For synostosis of the proximal fourth and fifth meta-
carpals, early separation during syndactyly release is cru-
cial to enhance grip strength and prevent stiffness.3 This 
must also be monitored, as it has been reported to occur 
later in growth. As such, it is sometimes performed in con-
cert with thumb osteotomy corrections. Border fingers 

Fig. 4. Upton type i hand with multiple views (a–c).

Fig. 5. Upton hand type i undergoing deepening of the first webspace and separation of the second 
and fourth webspaces. a–B, intraoperative images.
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that tend to laterally deviate or develop clinodactyly may 
require corrective osteotomy at a later stage.

Clinodactyly of the thumb is commonly observed in 
type I and type II hands. Although correction of metacarpal 
synostosis is typically combined during syndactyly release, 
correction of thumb clinodactyly is typically delayed. 
The correction of thumb abnormalities may be delayed 
to a later time, as suggested by Upton and Fearon3,17 or 
performed concurrently with the second stage of finger 

separation, as advocated by Chang et al.39 The goal of cor-
recting this deformity is to re-establish the pinch mecha-
nism by decreasing the radial deviation.31 Radial deviation 
at the metacarpophalangeal joint is commonly recognized 
due to the abnormal insertion of the abductor pollicis bre-
vis.3,17,31 To correct thumb deformity without osteotomy, 
some advocate for soft-tissue correction along with abduc-
tor pollicis brevis release and capsulotomy.42 However, 
most typically address thumb clinodactyly between 2 and 

Fig. 6. Separation of the first webspace using a pedicled reverse posterior interosseous artery in Upton 
hand type iii. a–D, intraopertiave images.
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4 years of age through an open or reverse wedge osteot-
omy to correct the delta phalanx31 with a Z-plasty or local 
flap of the contracted skin at the interphalangeal level. 
Additionally, correcting symphalangism with angular oste-
otomies between 5 and 8 years of age has shown promising 
outcomes.3

Shoulder
Shoulder abnormalities can include malformations 

of the shoulder joint and muscle imbalances leading to 
progressive dysplastic changes that result in restriction 

of shoulder mobility.18 Patient-reported outcome scores 
have revealed significant functional impairment asso-
ciated with shoulder deformity, comparable to the dis-
ability reported for their hand deformity.21 Despite this, 
surgical correction of the shoulder joint has not been 
well defined or discussed, as symptomatic presentation 
varies widely in severity and timing.43 Currently, there is 
no evidence in the literature to support early or prophy-
lactic correction.

As such, surgical management has focused on 
addressing late-stage and severe arthritis secondary to 

Fig. 7. Separation of the second, third, and forth webspaces using zig-zag incisions distally to address 
symphalangism. a–c, intraoperative images.

Fig. 8. recommended algorithm for treatment and management of the hand in patients with aS. *important to note that due to signifi-
cant hyperhidrosis in these patients, which can result in compromised skin grafts, we suggest utilizing Unna dressing and often to K-wire 
the fingers apart to keep the commissures open during warmer season reconstructions.
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glenoid dysplasia, with mixed results. Humeral head 
resurfacing and hemiarthroplasty do not consistently 
provide pain relief and cannot correct persistent gle-
nohumeral subluxation.44 Total shoulder arthroplasty 
can be performed with satisfactory pain relief; however, 
underlying glenoid hypoplasia often results in sublux-
ation of the prosthetic glenoid component and requires 
revision or results in abject failure.44 A case report on 
the use of reverse arthroplasty suggested promising 
results with reliable fixation.45 Soft-tissue modifica-
tions such as capsular release, capsulorrhaphy, muscle 
lengthening, and tendon transfers are techniques that 
are well described in brachial plexus birth injury related 
glenohumeral deformity but have not been reported 
in the treatment of AS. Similarly, osseous procedures 
such as coracoidectomies or those aiming at glenoid 
reorientation using osteotomy or glenoid augmenta-
tion have been described as reconstructive options.46 
These options can be considered on an individual basis 
in patients with AS, considering anatomy, presentation, 
age at presentation, and surgeon familiarity and com-
fort. We currently screen children for the development 
of glenohumeral dysplasia and aggressively intervene at 
the onset of presentation with many of the above noted 
interventions on an individualistic basis outside the 
scope of this article.

Elbow
Surgical management of congenital deformities of the 

elbow joint has rarely been described in AS. It has been 
postulated that this is likely due to the fact that these 
elbow deformities are well compensated.21 However, this 
is rarely the case. It is well established in reconstructive 
upper limb surgery that the elbow is a priority joint and 
the conduit for the hand to reach the mouth and face. 
With a poorly functioning elbow, significant upper limb 
disability results. What little has been reported primarily 
addresses bony deformities and instability through oste-
otomies and ligamentous procedures. The optimal tim-
ing of surgical management has not been determined, 
although as these children grow, the bony deformity and 
soft-tissue contractures can worsen and increase symp-
toms and surgical complications.47 This is also likely why 
pathology is missed by surgeons—most hand surgeons 
complete surgical reconstructions by 4–6 years of age, and 
elbow pathology may manifest at a later time. Ultimately, 
optimal elbow outcomes may come to rely on a compre-
hensive approach with a strong emphasis on early range 
of motion, surgery, and life-long physical therapy. In our 
practice, elbow pathology is commonly screened for and 
treated. We frequently encounter various synostoses about 
the elbow, mostly involving the radial head; thus, radial 
head resection can provide a straightforward solution to 

Fig. 9. recommended algorithm for treatment and management of the shoulder in patients with aS.
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preserving elbow motion in the Apert population, in our 
experience.

DISCUSSION
AS represents a spectrum of congenital differences, 

necessitating individualized consideration and prioritiza-
tion by a multidisciplinary surgical team. The entirety of 
the upper limb should remain paramount on this list of 
conditions to be fully addressed.

Overall, the reconstructive goals of the hand high-
lighted are synonymous in the literature, despite there 
being differences on how to achieve those goals. This 
is unsurprising, as the hand is the dominant published 
aspect of the upper limb differences in AS. We too, ascribe 

to many of the same tenets as our colleagues around the 
globe for our hand care (Fig. 8).

However, the shoulder is unique from the hand in many 
respects; there is little literature regarding the shoulder, yet 
shoulder motion is almost never normal and may be quite 
restricted. Despite this understanding, minimal care has 
historically been provided. Fundamentally, this stems from 
the absence of evidence-based literature or a consensus in 
the literature regarding shoulder management in these 
children. In our shoulder protocol (Fig. 9), we utilize the 
Active Movement Scale scoring system to assess for shoul-
der function,48 and ultrasonography measurements, such 
as measurement of the alpha angle,49 to assess for gleno-
humeral dysplasia (Fig. 10). As described in our protocol, 
treatment for glenohumeral joint, as evidenced in these 

Fig. 10. Ultrasound imaging of the shoulder in a patient with aS. a, Preparing the patient. B, image 
depicting calculation of the alpha angle from transverse ultrasound images of the shoulder adducted 
and internally rotated. the alpha angle is calculated by the intersection of the dorsal scapular line and 
the line tangential to the humeral head at the glenoid (B).

Fig. 11. Posterior (a) and anterior views (B) of an orthosis fabricated bilaterally in a patient with aS.
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infants, can include home exercises, occupational and/or 
physical therapy, fabrication with Sup-ER orthosis (Figs. 11 
and 12),50 and open reduction of the shoulder.

The elbow is limited in a much smaller percentage 
of patients and therefore is even less addressed in the 
literature. It is often thought to be clinically insignifi-
cant unless an elbow fusion has occurred. Therefore, 
it is of the utmost importance to have a high index of 
awareness during continuous follow-ups. Because there 
is truly no guidance in the literature regarding the 
elbow in AS, we have developed our own elbow proto-
col (Fig. 13).

Unfortunately, the functional capacity in patients with 
AS tends to be limited due to the severity of the defor-
mities involved. Although the literature is limited in the 
long term, one study revealed that average total times on 
the Jebsen Hand Function Test were notably slower than 
population norms, and measures of total active motion 
and pinch strength were considerably lower in adults 
with AS.18 Despite evident functional deficits, individuals 
with AS often lead remarkable lives, as those born with 
these conditions tend to demonstrate great adaptability. 
This adaptability, along with early surgical intervention, 
contributes to the ability to live a fulfilling life.51 This can 
only be further improved with the added cognizance of 
additional upper limb congenital differences and their 
management.

Steven M. Koehler, MD
Division of Hand Surgery

Department of Orthopaedic Surgery
Montefiore Einstein

1250 Waters Place
Tower 1, 11th Floor

Bronx, NY 10461
E-mail: stkoehler@montefiore.org

DISCLOSURES
Dr. Koehler is a committee member of the American Society 

for Surgery of the Hand, and a stockholder and member of the 
medical advisory board for Reactiv, Inc. Dr. Mendenhall is an 
educational consultant for PolyNovo. The other authors have no 
financial interest to declare in relation to the content of this article.

PATIENT CONSENT
Patients or guardians provided written consent for the use of 

their images.

REFERENCES
 1. Lee DS, Chung KC. Eugene Apert and his contributions to plas-

tic surgery. Ann Plast Surg. 2010;64:362–365. 
 2. Apert E. De l’acrocephalosyndactylie. Bull Soc Med Hop Paris. 

1906;23:1310–1313.
 3. Fearon JA. Treatment of the hands and feet in Apert syndrome: 

an evolution in management. Plast Reconstr Surg. 2003;112:1–12; 
discussion 13. 

Fig. 12. clinical examination findings of external rotation after treatment of glenohumeral dysplasia in 
a child with aS (a–B).

mailto:stkoehler@montefiore.org
https://doi.org/10.1097/SAP.0b013e3181b0bb53
https://doi.org/10.1097/SAP.0b013e3181b0bb53
https://doi.org/10.1097/01.PRS.0000065908.60382.17
https://doi.org/10.1097/01.PRS.0000065908.60382.17
https://doi.org/10.1097/01.PRS.0000065908.60382.17


 Khabyeh-Hasbani et al • Upper Extremity Review in Apert Syndrome

11

 4. Cohen MM Jr, Kreiborg S, Lammer EJ, et al. Birth prevalence 
study of the Apert syndrome. Am J Med Genet. 1992;42:655–659. 

 5. Esser T, Rogalla P, Bamberg C, et al. Application of the three-
dimensional maximum mode in prenatal diagnosis of Apert syn-
drome. Am J Obstet Gynecol. 2005;193:1743–1745. 

 6. Miller C, Losken HW, Towbin R, et al. Ultrasound diagnosis of 
craniosynostosis. Cleft Palate Craniofac J. 2002;39:73–80. 

 7. Filkins K, Russo JF, Boehmer S, et al. Prenatal ultrasonographic 
and molecular diagnosis of Apert syndrome. Prenat Diagn. 
1997;17:1081–1084. 

 8. Chen L, Huang F-X. Apert syndrome diagnosed by prenatal ultra-
sound combined with magnetic resonance imaging and whole 
exome sequencing: a case report. World J Clin Cases. 2021;9:912–918. 

 9. Giancotti A, D’Ambrosio V, De Filippis A, et al; PECRAM Study 
Group. Comparison of ultrasound and magnetic resonance 
imaging in the prenatal diagnosis of Apert syndrome: report of a 
case. Childs Nerv Syst. 2014;30:1445–1448. 

 10. Skidmore DL, Pai AP, Toi A, et al. Prenatal diagnosis of Apert 
syndrome: report of two cases. Prenat Diagn. 2003;23:1009–1013. 

 11. Werner H, Castro P, Daltro P, et al. Prenatal diagnosis of Apert 
syndrome using ultrasound, magnetic resonance imaging, and 
three-dimensional virtual/physical models: three case series and 
literature review. Childs Nerv Syst. 2018;34:1563–1571. 

 12. David A, Turnbull C, Scott R, et al. Diagnosis of Apert syndrome 
in the second-trimester using 2D and 3D ultrasound. Prenat 
Diagn. 2007;27:629–632. 

 13. Yu K, Herr AB, Waksman G, et al. Loss of fibroblast growth factor 
receptor 2 ligand-binding specificity in Apert syndrome. Proc Natl 
Acad Sci USA. 2000;97:14536–14541. 

 14. Cohen MM Jr, Kreiborg S. Agenesis of the corpus callosum: its 
associated anomalies and syndromes with special reference to 
the Apert syndrome. Neurosurg Clin N Am. 1991;2:565–568.

 15. Cohen M. Craniosynostosis and syndromes with craniosynostosis: 
incidence, genetics, penetrance, variability and new syndrome 
updating. Birth Defects Orig Artic Ser. 1979;15:13–63.

 16. Wenger TL, Hing AV, Evans KN. Apert syndrome. In: Adams MP, 
Feldman J, Mirzaa GM, et al, eds. GeneReviews®. Seattle, Wash.: 
University of Washington, Seattle; 1993–2024.

 17. Upton J. Apert syndrome. Classification and pathologic anatomy 
of limb anomalies. Clin Plast Surg. 1991;18:321–355.

 18. Taghinia AH, Yorlets RR, Doyle M, et al. Long-term functional 
upper-extremity outcomes in adults with Apert syndrome. Plast 
Reconstr Surg. 2019;143:1136–1145. 

 19. Cuthbert R. Acrocephalosyndactyly with case report illustrating 
some of the radiological features. Glasgow Med J. 1954;35:349–356.

 20. Kasser J, Upton J. The shoulder, elbow, and forearm in Apert 
syndrome. Clin Plast Surg. 1991;18:381–389.

 21. Murnaghan LM, Thurgur CH, Forster BB, et al. A clinicoradio-
logic study of the shoulder in Apert syndrome. J Pediatr Orthop. 
2007;27:838–843. 

 22. McHugh T, Wyers M, King E. MRI characterization of the gleno-
humeral joint in Apert syndrome. Pediatr Radiol. 2007;37:596–599. 

 23. Cohen MM Jr, Kreiborg S. Skeletal abnormalities in the Apert 
syndrome. Am J Med Genet. 1993;47:624–632. 

 24. Beligere N, Harris V, Pruzansky S. Progressive bony dysplasia in 
Apert syndrome. Radiology. 1981;139:593–597. 

 25. Wood VE, Sauser DD, O’Hara RC. The shoulder and elbow in 
Apert’s syndrome. J Pediatr Orthop. 1995;15:648–651. 

 26. Park EA, Powers GF. Acrocephaly and scaphocephaly with sym-
metrically distributed malformations of the extremities: a study 
of the so-called acrocephalosyndactylism. Am J Dis Children. 
1920;20:235–315.

 27. Anderson PJ, Hall CM, Evans RD, et al. The elbow in syndromic 
craniosynostosis. J Craniofac Surg. 1998;9:201–206. 

Fig. 13. recommended algorithm for treatment and management of the elbow in patients with aS.

https://doi.org/10.1002/ajmg.1320420505
https://doi.org/10.1002/ajmg.1320420505
https://doi.org/10.1016/j.ajog.2005.07.043
https://doi.org/10.1016/j.ajog.2005.07.043
https://doi.org/10.1016/j.ajog.2005.07.043
https://doi.org/10.1597/1545-1569_2002_039_0073_udoc_2.0.co_2
https://doi.org/10.1597/1545-1569_2002_039_0073_udoc_2.0.co_2
https://doi.org/10.1002/(sici)1097-0223(199711)17:11<1081::aid-pd198>3.0.co;2-2
https://doi.org/10.1002/(sici)1097-0223(199711)17:11<1081::aid-pd198>3.0.co;2-2
https://doi.org/10.1002/(sici)1097-0223(199711)17:11<1081::aid-pd198>3.0.co;2-2
https://doi.org/10.12998/wjcc.v9.i4.912
https://doi.org/10.12998/wjcc.v9.i4.912
https://doi.org/10.12998/wjcc.v9.i4.912
https://doi.org/10.1007/s00381-014-2377-8
https://doi.org/10.1007/s00381-014-2377-8
https://doi.org/10.1007/s00381-014-2377-8
https://doi.org/10.1007/s00381-014-2377-8
https://doi.org/10.1002/pd.744
https://doi.org/10.1002/pd.744
https://doi.org/10.1007/s00381-018-3740-y
https://doi.org/10.1007/s00381-018-3740-y
https://doi.org/10.1007/s00381-018-3740-y
https://doi.org/10.1007/s00381-018-3740-y
https://doi.org/10.1002/pd.1758
https://doi.org/10.1002/pd.1758
https://doi.org/10.1002/pd.1758
https://doi.org/10.1073/pnas.97.26.14536
https://doi.org/10.1073/pnas.97.26.14536
https://doi.org/10.1073/pnas.97.26.14536
https://doi.org/pubmed.ncbi.nlm.nih.gov/1821304/
https://doi.org/pubmed.ncbi.nlm.nih.gov/1821304/
https://doi.org/pubmed.ncbi.nlm.nih.gov/1821304/
https://doi.org/10.1097/PRS.0000000000005479
https://doi.org/10.1097/PRS.0000000000005479
https://doi.org/10.1097/PRS.0000000000005479
https://doi.org/pubmed.ncbi.nlm.nih.gov/2065495/
https://doi.org/pubmed.ncbi.nlm.nih.gov/2065495/
https://doi.org/10.1097/BPO.0b013e3181455886a
https://doi.org/10.1097/BPO.0b013e3181455886a
https://doi.org/10.1097/BPO.0b013e3181455886a
https://doi.org/10.1007/s00247-007-0472-7
https://doi.org/10.1007/s00247-007-0472-7
https://doi.org/10.1002/ajmg.1320470509
https://doi.org/10.1002/ajmg.1320470509
https://doi.org/10.1148/radiology.139.3.6785821
https://doi.org/10.1148/radiology.139.3.6785821
https://doi.org/10.1097/01241398-199509000-00020
https://doi.org/10.1097/01241398-199509000-00020
https://doi.org/10.1097/00001665-199805000-00002
https://doi.org/10.1097/00001665-199805000-00002


PRS Global Open • 2024

12

 28. Garg G, Gupta SP. Surgical outcome of delayed presenta-
tion of congenital proximal radioulnar synostosis. SICOT J.  
2015;1:33. 

 29. Simmons BP, Southmayd WW, Riseborough EJ. Congenital 
radioulnar synostosis. J Hand Surg. 1983;8:829–838. 

 30. Fearon JA, Podner C. Apert syndrome: evaluation of a treatment 
algorithm. Plast Reconstr Surg. 2013;131:132–142. 

 31. Guero SJ. Algorithm for treatment of Apert hand. Tech Hand Up 
Extrem Surg. 2005;9:126–133. 

 32. Zucker R, Cleland HJ, Haswell T. Syndactyly correction of the 
hand in Apert syndrome. Clin Plast Surg. 1991;18:357–364.

 33. Pettitt DA, Arshad Z, Mishra A, et al. Apert syndrome: a consen-
sus on the management of Apert hands. J Craniomaxillofac Surg. 
2017;45:223–231. 

 34. Dogra B, Singh M, Chakravarty B, et al. Posterior interos-
seous artery flap for hand defects. Med J Armed Forces India. 
2006;62:33–35. 

 35. Braun TL, Trost JG, Pederson WC. Syndactyly release. Semin Plast 
Surg. 2016;30:162–170. 

 36. Foucher G, Medina J, Navarro R, et al. Apport d’une nouvelle 
plastie à la reconstruction de la première commissure dans les 
malformations congénitales. À propos d’une série de 54 patients. 
Chir Main. 2000;19:152–160. 

 37. Aydn A, Özden BC. Dorsal metacarpal island flap in syndactyly 
treatment. Ann Plast Surg. 2004;52:43–48. 

 38. Cordray H, Graham EM, Kota A, et al. Clinical and operative risk 
factors for complications after Apert hand syndactyly reconstruc-
tion. J Hand Surg Eur Vol. 2023;49:617–626. 

 39. Chang J, Danton TK, Ladd AL, et al. Reconstruction of the hand 
in Apert syndrome: a simplified approach. Plast Reconstr Surg. 
2002;109:465–470; discussion 471. 

 40. Golash A, Watson J. Nail fold creation in complete syndac-
tyly using Buck-Gramcko pulp flaps. J Hand Surg. 2000;25: 
11–14. 

 41. Lohmeyer J, Hülsemann W, Mann M, et al. Transverse soft tissue 
distraction preceding separation of complex syndactylies. J Hand 
Surg Eur Vol. 2016;41:308–314. 

 42. Dao KD, Shin AY, Kelley S, et al. Thumb radial angulation correc-
tion without phalangeal osteotomy in Apert’s syndrome. J Hand 
Surg. 2002;27:125–132. 

 43. Abboud JA, Bateman DK, Barlow J. Glenoid dysplasia. J Am Acad 
Orthop Surg. 2016;24:327–336. 

 44. Allen B, Schoch B, Sperling JW, et al. Shoulder arthroplasty 
for osteoarthritis secondary to glenoid dysplasia: an update. J 
Shoulder Elbow Surg. 2014;23:214–220. 

 45. Burton C, Koong DP, Seagrave K, et al. Successful reverse total 
shoulder replacement in a patient with Apert syndrome. Shoulder 
Elbow. 2023;16:169–172. 

 46. Eichinger JK, Galvin JW, Grassbaugh JA, et al. Glenoid dysplasia: 
pathophysiology, diagnosis, and management. J Bone Joint Surg 
Am. 2016;98:958–968. 

 47. Jia Y, Geng C, Song Z, et al. Congenital unilateral proximal 
radioulnar synostosis: a surgical case report. Medicine (Baltimore). 
2020;99:e19782. 

 48. Curtis C, Stephens D, Clarke HM, et al. The active movement 
scale: an evaluative tool for infants with obstetrical brachial 
plexus palsy. J Hand Surg. 2002;27:470–478. 

 49. Vathana T, Mills J, Wilkes D, et al. Intraobserver and interob-
server reliability of two ultrasound measures of humeral head 
position in infants with neonatal brachial plexus palsy. JBJS. 
2007;89:1710–1715. 

 50. Buchanan T, O’Grady K, Olson JL. Fabrication of the external 
rotation abduction thermoplastic shoulder orthosis for infants 
and children with birth-related brachial plexus injuries. J Hand 
Ther. 2021;34:504–508. 

 51. Tovetjärn R, Tarnow P, Maltese G, et al. Children with apert syn-
drome as adults: a follow-up study of 28 Scandinavian patients. 
Plast Reconstr Surg. 2012;130:572e–576e. 

https://doi.org/10.1051/sicotj/2015035
https://doi.org/10.1051/sicotj/2015035
https://doi.org/10.1051/sicotj/2015035
https://doi.org/10.1016/s0363-5023(83)80078-1
https://doi.org/10.1016/s0363-5023(83)80078-1
https://doi.org/10.1097/PRS.0b013e3182729f42
https://doi.org/10.1097/PRS.0b013e3182729f42
https://doi.org/10.1097/01.bth.0000185378.87246.61
https://doi.org/10.1097/01.bth.0000185378.87246.61
https://doi.org/pubmed.ncbi.nlm.nih.gov/1648464/
https://doi.org/pubmed.ncbi.nlm.nih.gov/1648464/
https://doi.org/10.1016/j.jcms.2016.11.018
https://doi.org/10.1016/j.jcms.2016.11.018
https://doi.org/10.1016/j.jcms.2016.11.018
https://doi.org/10.1016/s0377-1237(06)80150-4
https://doi.org/10.1016/s0377-1237(06)80150-4
https://doi.org/10.1016/s0377-1237(06)80150-4
https://doi.org/10.1055/s-0036-1593478
https://doi.org/10.1055/s-0036-1593478
https://doi.org/10.1016/s1297-3203(00)73474-3
https://doi.org/10.1016/s1297-3203(00)73474-3
https://doi.org/10.1016/s1297-3203(00)73474-3
https://doi.org/10.1016/s1297-3203(00)73474-3
https://doi.org/10.1097/01.sap.0000096440.14697.e5
https://doi.org/10.1097/01.sap.0000096440.14697.e5
https://doi.org/10.1177/17531934231213516
https://doi.org/10.1177/17531934231213516
https://doi.org/10.1177/17531934231213516
https://doi.org/10.1097/00006534-200202000-00008
https://doi.org/10.1097/00006534-200202000-00008
https://doi.org/10.1097/00006534-200202000-00008
https://doi.org/10.1054/jhsb.1999.0302
https://doi.org/10.1054/jhsb.1999.0302
https://doi.org/10.1054/jhsb.1999.0302
https://doi.org/10.1177/1753193415612380
https://doi.org/10.1177/1753193415612380
https://doi.org/10.1177/1753193415612380
https://doi.org/10.1053/jhsu.2002.27772
https://doi.org/10.1053/jhsu.2002.27772
https://doi.org/10.1053/jhsu.2002.27772
https://doi.org/10.5435/JAAOS-D-15-00032
https://doi.org/10.5435/JAAOS-D-15-00032
https://doi.org/10.1016/j.jse.2013.05.012
https://doi.org/10.1016/j.jse.2013.05.012
https://doi.org/10.1016/j.jse.2013.05.012
https://doi.org/10.1177/17585732231207365
https://doi.org/10.1177/17585732231207365
https://doi.org/10.1177/17585732231207365
https://doi.org/10.2106/JBJS.15.00916
https://doi.org/10.2106/JBJS.15.00916
https://doi.org/10.2106/JBJS.15.00916
https://doi.org/10.1097/md.0000000000019782
https://doi.org/10.1097/md.0000000000019782
https://doi.org/10.1097/md.0000000000019782
https://doi.org/10.1053/jhsu.2002.32965
https://doi.org/10.1053/jhsu.2002.32965
https://doi.org/10.1053/jhsu.2002.32965
https://doi.org/10.2106/JBJS.F.01263
https://doi.org/10.2106/JBJS.F.01263
https://doi.org/10.2106/JBJS.F.01263
https://doi.org/10.2106/JBJS.F.01263
https://doi.org/10.1016/j.jht.2020.05.004
https://doi.org/10.1016/j.jht.2020.05.004
https://doi.org/10.1016/j.jht.2020.05.004
https://doi.org/10.1016/j.jht.2020.05.004
https://doi.org/10.1097/PRS.0b013e318262f355
https://doi.org/10.1097/PRS.0b013e318262f355
https://doi.org/10.1097/PRS.0b013e318262f355

