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KEY POINTS
Focus of this chapter is contractures and instability of elbow joint in genetic
disorders or syndromes
Conditions like arthrogryposis, achondroplasia and mucopolysaccharidosis which
affect range of movement of elbow joint are described, in detail
Other conditions that include weak bone and multi-system anomalies are also
included, e.g. osteogenesis imperfecta, multiple osteochondromas
Conditions that produce calcifications or bony mass around elbow joint like
dysplasia epiphysealis hemimelica and fibrodysplasia ossificans progressive are
presented with emphasis on early diagnosis and prevention of complications
Treatment options are given in relation to great variety of clinical presentations,
patient’s age and the up-to-date surgical approach
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frequent and creates a restriction of hand-tomouth function and self-care of face and hair.
In the treatment of type I elbow contracture one
has several options:
• to achieve passive elbow flexion, posterior elbow capsulotomy with triceps lengthening is
recommended [1];
• to achieve active elbow flexion one can use donor muscles such as pectoralis major [3], or bipolar latissimus dorsi transfer [4];
• prolonged physiotherapy with splinting [5]; in
process of selection of particular patient for one
of three options, it is recommended to read carefully relevant literature and discuss all ramifications of surgical procedures with parents.
Parents should know that arthrogryposis is a lifelong and total-body syndrome and limited improvement is possible. However, as intelligence
is normal, every effort to achieve small improvement is justified. With a well-designed, multi-disciplinary approach, it is possible to make these
children self-dependant in the long term.

IntroductIon
In a text of limited length it will be rather difficult
to cover all of the genetic disorders and syndromes
of orthopedic interest that can produce signs and
symptoms around the elbow joint in the pediatric age group. An appropriate approach could be
to describe signs and symptoms that are frequent
cause for consultation in out patient orthopedic clinics. As good examples, several conditions
that can produce elbow contractures as well as
swelling and/or pain around the elbow joint will
be described. In addition, some elbow problems
in childhood that are associated with weak bone
diseases or other multi-organ and multi-system
anomalies are included in this chapter.

ArthrogryposIs
Arthrogryposis, or congenital multiple arthrogryposis, is a wide spectrum syndrome (syndromic joint
contracture, distal type of contractures, classic arthrogryposis-amyoplasia) which is present at birth
and has non-progressive nature [1,2]. Generally, children with arthrogryposis have normal intelligence
and life expectancy. Arthrogryposis has prevalence
from 1/3,000 to 1/12,000 and in 70% of patients the
upper extremities are involved [3,4]. In this condition
elbow joints are frequently involved, up to 25% of
patients. Arthrogrypotic elbow joint contractures are
important because flexion-extension mobility of one’s
elbow permits child to achieve functional independence (fig. 1a). With active/passive elbow flexion child
can reach mouth and head with hands (fig. 1b). With
elbow active extension child can use hand for hygienic purposes and transportation [3] (fig. 1c). There are
two types of elbow joint contractures:
• type I, the elbow is fixed in extension with no
active/passive flexion;
• type II, the elbow is fixed in flexion with no
extension.

AchondroplAsIA
Achondroplasia is one of the most common non-lethal skeletal dysplasia (SD) with approximate frequency of 1 in 20,000 people. Limitation of elbow
extension was recognized as the most common
and one of the earliest clinical signs [6]. In patients with achondroplasia a gene coding for Fibroblast Growth Factor Receptor 3 (FGFR3) has
mutation on chromosome 4 with autosomal dominant transmission [7]. Due to unregulated signal
transduction through the receptor, the growth
plate cartilage has disturbed differentiation with
altered enchondral growth. Short-limb dwarfism
of rhizomelic type with relatively long trunk is
characteristic and easily recognisable even in neonatal unit. The other major clinical manifestation is dysmorphology of the head, which is disproportionately large with depressed nasal bridge,
prominent forehead, variable degree of midface
hypoplasia and narrow nasal passages. In upper
extremity trident hands with short fingers is one of
the features of achondroplasia. However, in young

treAtment of ArthrogryposIs
Type I contracture (elbow in extension) is more
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Figure 1 Elbow contracture (a) in a patient with arthrogryposis; with active/passive elbow flexion the patient can reach mouth with hands (b). With
elbow active extension the patient can use can use his hand for hygiene and transportation (c)
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child deformities of the elbow have a significant
diagnostic role as the lack of full extension of the
elbow is a common abnormality. Limitation of
forearm supination is the second most common
abnormality. A group of authors from Japan [7]
found limited extension of the elbow (mean loss
of extension: 13.1°) in 28 (68.3%) out of 41 elbows
in 23 patients with achondroplasia. In addition,
they found posterior bowing of the distal humerus
as a consistent radiological abnormality and the
principal cause of limited elbow extension when
bowing is greater than 20° (fig. 1). Posterior dislocation of the radial head was found in 22% of patients, contributing to additional loss of elbow extension which rises up to 28.7° in this subgroup of
patients. The most severe upper limb problems in
patients with achondroplasia occur at the elbow,
which may be the result of asymmetric growth resulting in short ulna and overgrowth of the radius.
However, the degree of deformity and disability
are not significant enough that surgery is warranted. It is worth noting that loss of full elbow extension is not necessarily symmetrical and increases
with age. As possible causes for the lack of elbow
extension, along with tight soft tissues (capsules,
ligaments, tendons), several bony structures are
listed: abnormal bowing of the distal part of the
humerus; olecranon tip impingement in the olecranon fossa; deformities of the radial head and
subluxation or dislocation (fig. 2).

the mucopolysAcchArIdoses

treAtment of AchondroplAsIA

treAtment of
mucopolysAcchArIdoses

The mucopolysaccharidoses (MPSs) are a
group of rare genetic lysosomal storage disorders that are caused by defects in glycosaminoglycans (GAG) catabolism [8]. MPSs have an
autosomal recessive mode of inheritance and
affects males and females equally. In contrast,
MPS II is X-linked recessive disorder and affects only males (fig. 3). Although, some female
patients have been reported. The MPSs are
characterized by accumulation of GAGs in the
cell lysosomes followed by progressive cellular
damage, tissues dysfunction and multiple organ failure. As consequence, life expectancy is
reduced. However, there are milder MPS forms
with wide spectrum of clinical presentations as
well as slowly progressive MPS forms that develop subtle signs and symptoms that may lead
to missed or delayed diagnosis. Contractures
and joint stiffness are frequent in all types of
MPS except MPS IV (Morquio) [8]. Bilateral
f lexion contracture of the elbow may be considered as a sign indicative of MPS in early childhood (fig. 3). It is recommended to use pGALS
(pediatric Gait, Arms, Legs and Spine) to detect abnormal joints. Results of one study have
shown that the most commonly affected joints
are in the upper limb (shoulders, wrists, elbows,
fingers) [9].

Recently, surgical lengthening of humerus has
been performed in an attempt to improve upper limb function. One should take into account
elbow extension contracture and associated
deformities and correct both problems simultaneously [7]. On the contrary, patients with
achondroplasia rarely need surgical treatment
for lack of elbow extension [6]. Due to the laxity
of associated joints, patients with achondroplasia
tolerate and compensate well the lack of elbow
extension. What parents should know that surgical treatment is not necessary while monitoring
during childhood and adolescence is advised.

Enzyme Replacement Therapy (ERT) has
changed the natural history of MPS types I, II
(fig. 3) and VI. In the light of this new therapy it
is more important to establish early diagnosis of
MPS. Clinical exam of the elbow joints could be
helpful. Surgical treatment of elbow contractures
is not indicated, but is frequently performed for
carpal tunnel syndrome and trigger fingers.
Parents should know that patients with MPS
should be regularly assessed with multidisciplinary clinical team to prevent and treat systemic
complications [8].
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Figure 2 Clinical appearance of both elbows in flexion contracture (a,b). Lateral elbow radiograph shows bowing of
distal humerus that contributes to elbow contracture (c)
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Figure 3 Clinical photo of the patient with MPS II with elbow
flexion contracture (a-c) and radiographic presentation of unequal
growth of radius and ulna that results in limitation of forearm rotation (d,e)

e
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in this group. The mean time to second fracture
was 5 months, and the mean age of the patients
was 11.9 years [10]. Etiology and mechanism of
olecranon fracture is trivial trauma in combination with weakness of subchondral bone close
to the olecranon physis and increased laxity of
tricpes expansion. All lead to vulnerability to
avulsion in adolescent children with OI.

OsteOgenesis imperfecta

Osteogenesis imperfecta (OI) is a heritable disorder characterized by hypo-mineralization of the
skeleton due to a defect in collagen and predominantly affects bone. OI is generalized disorder of
connective tissue with frequency of 1 patient per
20,000 people. However, OI is multi-systemic and
life-long condition with a wide spectrum of phenotypic variability. In the most cases OI is autosomal dominant transmission with mutation in the
genes encoding α-1 or α-2 chains of type I collagen (COL1-A1 and COL1-A2). As result of this
mutation there is abnormal quality and quantity
of type I collagen in patients with OI. In the elbow
joint area are two main musculoskeletal problems:
• olecranon fractures (fig. 4) that are frequent in
OI type I;
• radial head malalignment (dislocation and
subluxation) that are frequent in OI type V.
In one recent study, incidence of olecranon fracture was 8.1% (29 out of 358) for all types of OI
[10]. In OI type I incidence was 13.5% and bilateral fractures were seen in 41.4% of patients

a

c

treAtment of OsteOgenesis
imperfecta
Treatment depends on the degree of displacement; if displacement is less than 3 mm in a
younger child, conservative treatment may be
acceptable. However, for displacement of more
than 3 mm, and in older children, two intramedullary Kirschner wires and tension band is the
recommended treatment approach (fig. 4).
It is must be emphasized that isolated olecranon
fractures in an adolescent, active child after trivial trauma must raise the suspicion of OI type I
diagnosis greatly [11].

b

Figure 4 Radiographic presentation of bilateral olecranon fracture (a,b) and its treatment (c,d)

d
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Figure 5 Radial head dislocation in a patients with OI: clinical (a,b) and radiographic appearance (c,d)

Radial head malalignment (dislocation/subluxation) (fig. 5) with the radio-ulnar interosseous
membrane ossification (RUIMO) is pathognomonic for another OI type (type V; fig. 6).
In a study of 498 upper limbs of 254 patients
malalignment of the radial head was found in
86% of patients [12]. Based on typical clinical
and radiographic findings diagnosis of OI type
V can be made. Although patients do not have
blue sclera and hearing loss is rare, hyperplastic
callus (HC) formation, as an additional finding,
is frequently seen in patients with OI type V.

The feature of radial head dislocation in OI type
V is the direction of dislocation, which is in 90%
in a lateral, anterior and anterior-lateral direction [12]. The patho-mechanism of radial head
dislocation is non-traumatic and is connected to
unequal growth rate of radius and ulna because
ulnar bow and presence of RUIMO (fig. 6).
Parents should know that during rapid growth
of the patient, olecranon fractures with frequent
non-simultaneous occurrence may be the first
sign of OI type I; however, treatment is straight
forward with Kirshner wires and tension band
fixation. Functional results are good but olecranon re-fracture may occur. In OI type V patient
with radial head dislocation and with no pain
and no functional disturbance, treatment is not
necessary. However, in patients with limitation
of elbow ROM, and for cosmetic reasons, radial
head excision may be indicated with precautions
for the development of HC.

multIple ostechondormAs

a

Multiple ostechondormas (MO), previously
known as Multiple Hereditary Exostoses (MHE),
is a rare autosomal dominant (with variable penetrance) pediatric bone disorder that affects 2 persons per 100,000 people [13]. Forearm deformity
and problems with the elbow are common in patients with MO and, especially, with osteochondroma on distal ulna (figs. 7,8).

b

Figure 6 Radial head dislocation in a 9-year-3-month girl with OI
type V (a,b). RUIMO is clearly visible (a)
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treAtment of multIple
ostechondormAs

a

Due to reduced proportional ulnar length there
are several radiographic features of forearm deformity: ulnar shortening, radial articular angle
and carpal slip. One recent study examined 212
forearms in 106 patients with MO [13]. Out of
86% forearms with exostoses, in 73% of them
distal radial exostoses were found. In addition,
one in seven patients has a dislocated radial
head. It was suggested that elongation of the ulna
should be offered before radial head dislocation
establishes (fig. 7).
Another study analysed 15 patients with MO and
radial head dislocation with gradual ulnar lengthening [14]. Results at skeletal maturity show that
ulnar lengthening with unilateral external fixator
is a safe and reliable procedure with good to excellent outcomes, and reduces radial head dislocation [14]. In some cases repositioning of the estab-

b

c

d

e

Figure 7 Patient A.R. in anterior-posterior and lateral projections shows subluxation of radial head, short ulna and distal radial angulation (a, b); clinical
photo during ulna elongation (c). Outcome following corrective osteotomy of the radius and elongation of the ulna (d,e)
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Figure 8 Typical clinical and radiographic appearance of left elbow and forearm deformity in patient with MO (a-c). Note varus of elbow (b) and
forearm and restriction of rotation (a,c)

lished radial head dislocation is possible with ulnar
axis correction and distraction osteogenesis using
unilateral external mini-fixator [15].
What parents should know is that deformity of the
forearm and elbow is progressive in untreated patients with MO. However, treatment with ulnar
lengthening is safe with good to excellent outcomes.

in daily living activities. In upper extremity, radial
side is more often reported and boys are affected
two times more than girls.
On histological examination, those epiphyseal
lesions are indistinguishable from classical methaphyseal osteochondroma. Correct diagnosis is
possible using high quality imaging techniques
such as MR, epiphyseal location (articular or
juxta-articular) and through direct visualisation
during surgery. Initially, DEH in the elbow presents as an asymmetrical painless mass which in
growing child is followed by slow osteochondroma enlargement, limitation of ROM and occasional pain. At this point surgery may be indicated to relieve symptoms and improve ROM.

Dysplasia epiphysealis hemimelica

Dysplasia epiphysealis hemimelica (DEH) in the
upper extremity is very rare, but it could occur in
the elbow joint region (intra-articular or juxta-articular) as a painless mass that restricts range of
motion (ROM). DEH, also known as Trevor’s disease, (with an incidence of 1 in 1,000,000 people)
is a unilateral developmental osteochondromatous
lesion with no reports of malignant transformation
[16]. There is no familial predisposition. Upper
extremity was affected in more than 30 cases reported so far. Less than ten cases of DEH in the elbow joint have been reported [17]. Typically, DEH
presents as asymmetrical swelling with minor deformity (cubitus varus and/or radial head subluxation), limitations of ROM with possible restrictions

treAtment of Dysplasia
epiphysealis hemimelica
The type of surgery, open or arthroscopy, is indicated depending on size and location of intra-articular osteochondroma [16]. In cases of deformity, a corrective osteotomy may be advised [16].
In differential diagnosis of a painless mass in the
elbow with no signs of aggressiveness, one should
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Figure 9 Characteristic clinical (a) and radiographic appearance (b) of big toes in patient with FOP

keep in mind the possibility of DEH.
Parents should know that due to the inside joint location these osteochondroma are difficult to remove
completely without violating chondral joint surface.
Recurrence of osteochondroma may be frequent.
The most important goal of surgery is to preserve
joint surface and ROM as much as possible.

every patient with HO. In conjunction with big
toe malformation, HO with a typical pattern is
sufficient to make clinical diagnosis (fig. 9).
Since the year 2006, the genetic diagnosis of FOP
has been possible as identification of the activin A
receptor type 1 (ACVR1)/ALK2 gene was made
[19]. Progression of the disease is enhanced by invasive diagnostic procedures (biopsy, surgery and
injections) that are strictly forbidden in patients
with FOP. Progression of the disease leads to
catastrophic musculoskeletal disability and early
death. HO is formed outside the skeleton (muscles,
tendons and ligaments) and will progress, creating fusion and bridging with normal bones and
eventually fix the joints. Moreover, an injury to
soft tissue can aggravate the disease by inducing a
new, acute episode of HO or flare-up, characterized by swelling, redness, warmth, pain, stiffness
and restricted ROM [20].

fibrODysplasia Ossificans
progressIve

Fibrodysplasia ossificans progressive (FOP) could
be present as bone mass in the area of the elbow
joint as in a patient presented here (fig. 9-10). FOP
is an extremely rare disorder characterized by
progressive heterotopic ossification (HO) in connective tissue such as muscles, tendons, ligaments
and fascias with autosomal dominant transmission. FOP incidence is 1 in 2,000,000 people.
HO usually starts in the first ten years of life and
it is indistinguishable from normal bone by biochemical traits [18]. However, HO has a location
that is unusual and temporo-spatial occurrence
of new bone formation (acute HO or flare-ups)
has a characteristic pattern. Progression of HO
flare-ups follows a pattern from proximal to distal, from upper to lower, from dorsal to ventral
side. It is of utmost importance to establish an
early diagnosis in the affected patient. It is mandatory to look for a characteristic big toe malformation (short big toe in valgus position) in

treAtment of fibrODysplasia
Ossificans progressIve
Treatment of FOP is not currently available.
However, three drugs are now in clinical trials:
palovarotene, REGN 2477 and rapamycin.
The most important step is early diagnosis and
prevention of new HO.
Parents should know this disease is progressive
and a multidisciplinary team approach is necessary to cover multi-organ problems that can oc221
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Figure 10 Swelling, flexion contracture (a) and radiographic appearance of elbow soft tissue heterotopic ossifications (b)

cur during the course of the disease. Even simple
injections could provoke new flare-ups and HO.
Psychological support is recommended for patient and parents.
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