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Abstract
Study design: A retrospective case series study.

Background: Arthrogryposis Multiplex Congenita (AMC), is a heterogeneous condition defined 
as multiple congenital joint contractures in two or more body areas. Upper limb contractures in 
arthrogrypotic patients restricts their activity. The loss of elbow flexion makes self-feeding and self-
care impossible. Posterior elbow release allows the patient to become more independent in daily 
living.

Objectives: This retrospective case series study aimed to measure improvements in self-care 
independence following posterior elbow release in 11 children with arthrogryposis.

Methods: Eleven patients aged 4.1 years on average at the time of surgery (range: 2 to 12 years), 
underwent posterior elbow capsulotomy and triceps VY lengthening due to stiff extension 
contractures. Two subjects underwent surgery on both upper limbs. All the patients underwent 
uniform postoperative physical therapy and were provided with individual orthotics in our 
institution. All subjects were reexamined 12 months after surgery. They underwent a final follow-up 
examination after ≥ 3 years or more (3.5 on average). The final examination included assessment 
of elbow passive range of motion, presence of adaptive maneuvers, functional outcomes, and 
patient/parent satisfaction using the Pediatric Outcome Data Collection Instrument (PODCI) and 
International Classification of Functioning (ICF).

Results: Nine children achieved passive elbow flexion of at least 90 degrees. One child required 
repeated release to increase functional flexion. One child achieved unsatisfactory results with 70° 
of flexion. In seven children, 10° to 40° of flexion contracture occurred. All but one child was able 
to reach their mouth using passive assistance. Functional assessment revealed improvement in the 
upper limb PODCI and ICF domains in 9 of 11 children, especially the possibility of using a fork 
and putting on a coat.

Conclusion: Posterior elbow release extended the elbow arc of motion, improving hand-to-mouth 
action for independent feeding and self-care. Improvements were noted in the upper-limb PODCI 
and ICF domains.
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Introduction
Arthrogryposis Multiplex Congenita (AMC) is a descriptive term for a condition in which a 

patient, regardless of etiology, presents with two or more joint contractures at birth [1-3]; the most 
common sub-type remains amyoplasia (ca.25% to 30% of all AMC): Anon-genetic condition, with 
clinical presentation depending on deficient or absent musculature [1-8]. 72% of AMC patients may 
have upper limb involvement, with contractures of the elbow present in 25% to 59% of patients, 
most commonly in extension, reducing their possibility of feeding and self-care [9-14].

Early Physical Therapy (PT) may improve elbow flexion, but in a stiff extension contracture, 
only surgical intervention increasing passive elbow flexion to a minimum of 90° enables the child 
to bring the hand to the mouth [15,16].

This study aimed to evaluate the results and functional status of patients with arthrogryposis 
presenting with extension elbow contractures before and after uniform surgical, PT, and orthotic 
treatments.
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Using objective scoring, we analyzed how an increase in passive 
elbow flexion contributed to the improvement of function and self-
care.

Material and Methods
This is a retrospective study of patients with arthrogryposis treated 

at our institution between 2016 and 2019. The Intuitional Review 
Board was obtained before beginning the study. Written informed 
consent was obtained from a legally authorized representatives for 
anonymized patient information to be published in this article.

The inclusion criteria were extension elbow contractures that 
prevented the patients from reaching their mouth with their hands; 
uniform surgical, orthotic, and PT treatments in our institution; 
minimum 12 months follow-up.

Eleven consecutive children with 11 elbow extension contractures 
were enrolled in this study. The group included eight boys and three 
girls aged 2 to 12 years at the time of surgery (4.08 years on average, 
± 2.90). Follow-up examinations were conducted 12 months later. All 
children were reached again for the second follow-up after three years 
or more (3.5 years on average).

All the children were clinically diagnosed with amyoplasia. Seven 
patients had both upper and lower extremity involvement, and 4 
had only upper limb deformities. Five children underwent carpal 
closing wedge osteotomy simultaneously, with elbow release and 
triceps lengthening. Preoperative and postoperative parameters were 
analyzed, including passive Range of Motion (ROM) of the elbow, 
using a manual goniometer. The strength of the triceps and elbow 
flexor (if present) muscles was graded using manual muscle testing 
[17,18].

Preoperative and postoperative functional abilities and 
postoperative patient/parent satisfaction were assessed using the 
Pediatric Outcome Data Collection Instrument (PODCI) and items 
of the International Classification of Functioning (ICF) in carrying, 
moving, and handling objects; hand and arm use; and self-care at 
follow-up of 3.5 years on average.

The PODCI is a subjective measurement tool designed to 
provide a standardized method of assessing outcomes in pediatric 
musculoskeletal conditions and has been accepted for the AMC 
population [19,20]. Parents/caregivers of children aged between 2 
and 10 years completed the PODCI questionnaire.

ICF is a classification of health and health-related domains that 
helps to describe a patient’s level of capacity (what he/she can do 
in a standard environment) and level of performance (what he/she 
can do in an unusual environment) by means of two lists: A list of 
body functions and structures, and a list of domains of activity and 
participation [21,22].

For the purposes of this study, particular items from the domains 
of activity (D), mobility (d4), and self-care (d5) were analyzed in the 
following activities: Caring for oneself, washing and drying oneself, 
caring for one's body and body parts, dressing, eating and drinking, 
and looking after one's health. Problems in each activity were 
quantified using a generic scale ranging from 0 to 4 (0= no problem, 
1= mild, 2= moderate, 3= severe, 4= complete).

Statistical analysis
All calculations were made using the statistical package R version 

3.5.3.

Descriptive statistics: Mean, median, Standard Deviation (SD), 
and first and third Quartile values (Q1-Q3) were used to describe the 
variables before and after surgery.

The Friedman test was used to determine whether the changes 
in passive elbow flexion and arc of motion in three repeated 
measurements were significant. The Wilcoxon signed-rank test was 
used to compare pairs of observations and examine the significance 
of the differences between pairs of measurements (range of motion, 
arc of motion, flexion contracture, and ICF items for the upper limb). 
Differences in the results of the PODCI scale were evaluated using 
paired Student’s t-test (the PODCI score distributions were all normal, 
as Shapiro-Wilk normality tests have shown). Pearson’s correlation 
coefficient was used to investigate the existence of monotonic 
relationships between the two variables.  The level of significance 
was assumed to be α=0.05, with statistically significant results for the 
levels α=0.01 and α=0.001 mentioned where appropriate.

Surgical treatment
Indications for surgery were inability to reach the hand to the 

mouth and/or passive elbow flexion of <80°.

The surgical procedure was performed under general anesthesia. 
The patient was positioned in the lateral decubitus position, with 
the operated arm in 90° of flexion allowing for maneuvers during 
surgery (Figure 1a).  A tourniquet was applied at the surgeon’s 
discretion. Perioperative antibiotic prophylaxis included cefazolin (or 
clindamycin in patients allergic to cephalosporins) administered prior 
to skin incision, followed by two additional doses postoperatively. 
The posterior skin incision was performed proximally from 
approximately ½ of the arm, curved medially to the olecranon, and 
finished distal to it (Figure 1b). After visualizing the triceps muscle 
and tendon, the ulnar nerve was identified in the humeral ulnar 
sulcus, isolated, and protected. Triceps lengthening was performed 
using a VY technique, with the apex of “V” reaching at least 1/3 of 
the arm to provide sufficient length for the procedure. The medial 
and lateral triceps heads were elevated supraperiosteally off the elbow 
and the distal humerus. Next, posterior capsulotomy was performed 
from the olecranon fossa to the medial elbow capsule, then laterally 
around the humeroradial joint to a degree that allowed for at least 
130° of elbow passive flexion (Figure 1c, 1d).  After homeostasis, the 
lengthened triceps tendon was sutured back in a position of 90 elbow 
flexion using PDS sutures. The ulnar nerve was positioned back to 
its anatomical location without the need for anterior transfer unless 
subluxation occurred during elbow flexion. The subcutaneous tissue 
and skin were closed in layers using absorbable sutures and the wound 
was protected with sterile surgical foil. At this stage, the orthotic team 
performed limb measurements and 3D scanning with the application 
of Captevia and Occipital Structure Sensor 3D (Mark II) suitable for 
IOS to prepare individual Elbow-Wrist-Hand Orthoses (EWHO) 
for post-operative orthotic treatment (Figure 2a). The surgery was 
concluded with cast immobilization at 90° elbow flexion.

Postoperative protocol
The wound was inspected on the 2nd postoperative day; if there 

were no leaks, the surgical foil was not changed. Next, the wound 
was checked every 5 days until the foil was removed at 3 weeks post-
surgery.

Early rehabilitation was started at the time of cast removal and 
included gentle passive flexion and extension exercises with the arm 
in a horizontal position. Soft tissue mobilization of the upper limb, 
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functional training of the whole body, and occupational therapy were 
introduced during a 3-week stay in the rehabilitation department of 
the hospital. During this stay, caregivers were educated on how to 
work and exercise with the child at home in later stages of recovery, 
especially to encourage children to use the operated extremity for 
reaching hand-to-mouth with assistive maneuvers. After discharge 
from the hospital, all patients continued with PT with their parents 
and local physiotherapists. Physiotherapy is based on a gradually 
increasing range of flexion and extension to prevent flexion 
contracture. Three weeks after surgery, the patient was fitted with an 
individually prepared EWHO with a Caroli screw (Vigo Ortho Polska 
SA), allowing for a gradual increase in passive flexion and extension. 
The orthosis was used day and night, with the exception of PT or 
hygiene, in an interchangeable manner, from greatest possible flexion 
to greatest possible extension performed every 6 h by instructed 
parents (Figure 2b, 2c). Starting six weeks post-operative, the EWHO 
was used only for sleeping, with one night in flexion and the other 
night in extension. Three months after surgery, EWHO use usually 
ceased.

Results
Range of motion (ROM)

Prior to surgery, all patients presented with severe extension 
contractures with an average arc of passive ROM of 13° (range, 0° to 
30°). Intraoperatively, at least 130° of passive flexion was achieved in 
all children.

The postoperative increase in passive elbow flexion on repeated 
examinations was significant (χ2(3)=24.57, N=13, p<0.001), as was the 
increase in arc of motion (χ2(3)=23.11, N=13, p<0.001) (Table 1 and 
Figure 3a, 3b). On follow-up, 9 of the 11 children achieved over 90° 
of passive elbow flexion (Figure 4). In one child, passive elbow flexion 
after surgery was 70° (Figure 5a, 5b). Average changes in passive elbow 
flexion and arc of motion value before and after the surgery were 
101.54 (± 23.40) and 86.15 (± 27.55), respectively; increase in passive 
elbow flexion ranged from 70° to 140° and in the arc of motion from 
40° to 130° (Table 1, 2). All children had triceps brachii and elbow 
flexor strength graded preoperatively; triceps strength grade was 3/5 
in seven patients and 2/5 in four patients. All children had 0/5 grade 
elbow flexion strength. At the final follow-up, the mean increase 

in passive flexion did not change significantly (96.92° on average 
± 26.89°). The arc of motion remained above the presurgical level 
with a 72.69 (± 32.70) increase on average, but dropped significantly 
compared to the earlier follow-up examination (by –13.46 on average, 
± 16.76) (Figure 3c).

In four of our patients, moderate flexion elbow contracture 
occurred over time. Three or more children developed flexion elbow 
contracture after three or more years. This change in the final follow-
up period was statistically significant (P<0.05). Flexion contracture 
was noted in 7 of our patients at the final follow-up.

PODCI and ICF – Mobility (d4) and Self-care (d5)
Significant differences were noted in the Upper Extremity Scale, 

the Transfer: Basic Mobility Scale, Happiness Scale, and Global 
Functioning Scale (PODCI) (Table 3) and in ICF in the following 
mobility (d4) sections: Carrying, moving and handling, fine hand use 
(picking up, grasping, manipulating, and releasing), and hand and 
arm use (pulling, pushing, reaching, turning or twisting the hands 
or arms, throwing, catching) (lower score indicating functional 
improvements) (Table 4).

In the section self-care (ICF) (d5), significant improvements 
were noted in the overall washing oneself section (washing body 
parts, washing the whole body, and drying oneself), caring for body 
parts(caring for skin, teeth, hair, fingernails, toenails), and dressing 
(putting on clothes, taking off clothes, putting on footwear, taking off 
footwear, choosing appropriate clothing).

In the domain of toileting (urination and defecation), no 
significant relationship was noted between the quality of self-toileting 
and the results of surgery.

Correlation of changes in range of passive elbow flexion 
and results of PODCI and ICF

There were no statistically significant relationships between the 
range of passive elbow flexion and the overall results in the ICF and 
PODCI assessments. Similarly, the arc of motion had no statistically 
significant influence on the ICF.

A statistically significant relationship was noted between the arc 
of motion and the results in the domain ADOLESCENT (PODCI): 
Upper extremity scale standardized mean (p<0.05). This correlation 
was positive (r=0.618) indicating that an increase in the elbow arc 
of motion increases the ADOLESCENT: Upper extremity scale 
standardized mean score. This correlation is moderate (Table 5).

Figure 1: Posterior elbow capsulotomy and triceps VY lengthening: a) 
patient positioning; b) anatomic landmarks and skin incision; c) ulnar nerve 
protection, elbow capsulotomy and VY triceps plasty; d) intraoperative 
passive elbow flexion.

Figure 2: a) Pictures from 3D scanner. b, c) EWHO in flexion and extension 
positions.
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Discussion
Studies concerning the results of arthrogrypotic elbow extension 

corrections are rare, but the authors agree that elbow flexion of 
minimum 90°, at least passive, is crucial for self-feeding and face self-
care using adaptive maneuvers such as table push, trunk thrust, or 
cervical bending [9,10,23-26]. Early PT, including stretching of the 
contracted posterior elbow structures, splinting, and/or orthotic 
treatments, should be performed during the first months of life in an 

AMC child by an experienced physiotherapist and/or well-instructed 
parents [16,28,29]. If a child reaches elbow flexion close to 90° with 
conservative treatment, these methods should be continued. In 
persistent extension, optimal surgical treatment should be considered 
before the child reaches 3 years of age or even earlier [9,14].

Outcomes of posterior elbow release have been reported with 
promising results with regard to increasing ROM and/or shifting the 
arch of motion to a more functional position and gaining the ability 

Figure 3a, 3b: Results of ROM – passive elbow flexion before and after release of extension contracture of the elbow.

Variable Parameter Before surgery 1 year follow-up 3+ years follow-up 

Range of motion – passive elbow flexion

N 13 13 13

Mean (SD) 10.77 (13.20) 112.31 (19.64) 10 (25.87)

Median (IQR) 0 (0-20) 110 (100-130) 110 (100-130)

Min-Max 0-30 80-140 60-140

Arc of motion

N 13 13 13

Mean (SD) 10.77 (13.20) 96.92 (28.40) 83.46 (34.72)

Median (IQR) 0 (0-20) 110 (70-120) 100 (65-110)

Min-Max 0–30 50-130 20-120

Table 1: Comparison of passive elbow flexion and arc of motion values in degrees before and after surgery.

Variable Parameter Difference before surgery 
and after 1 year

Difference before surgery and 
after 3+ years

Difference after 
1 year and after 

3+ years

Range of motion - passive elbow 
flexion

N 13 13 13

Mean (Std. Deviation) 101.54 (23.40) 96.92 (26.89) -4.62 (9.67)

Median (Interquartile Rng.) 90 (90-110) 90 (70-110) 0 (0)

Min.–Max. 70-140 60-140 -30-0

p value (Wilcoxon, one-sided) <0.001 <0.001 not significant

Arc of motion

N 13 13 13

Mean (Std. Deviation) 86.15 (27.55) 72.69 (32.70) -13.46 (16.76)
Median 

(Interquartile Rng.) 80 (70-110) 80 (40-90) -10 (-25-0)

Min.–Max. 40-130 20-120 -40-10

p value (Wilcoxon, one-sided) <0.001 <0.001 <0.05

Table 2: Increase in degrees of passive elbow flexion and arc of motion after the surgery.
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Variable Parameter Before surgery After surgery p-value (t test)

Upper Extremity Scale Standardized Mean

N 11 11

<0.01
Mean (SD) 14.82 (6.88) 28.09 (15.37)

Median (IQR) 17 (10.5-20) 29 (16-40)

Min–Max 4-25 8-50

Transfer: Basic Mobility Scale Standardized Mean

N 11 11

<0.01
Mean (SD) 47.27 (25.97) 52.09 (25.39)

Median (IQR) 46 (22.5-67) 55 (30.5-73)

Min–Max 15-88 18-91

Sports and Physical Functioning Scale Standardized 
Mean

N 11 11

0.08
Mean (SD) 35.73 (16.24) 36.55 (16.29)

Median (IQR) 37 (28.5-44) 37 (30-45.5)

Min–Max 8-62 8-62

Pain Comfort Scale Standardized Mean

N 11 11

0.05
Mean (SD) 75.91 (19.36) 80.18 (15.66)

Median (IQR) 74 (68.5-88) 82 (72.5-91)

Min–Max 33-100 48-100

Happiness Scale Standardized Mean

N 11 11

<0.05
Mean (SD) 81.36 (12.86) 83.18 (11.24)

Median (IQR) 80 (72.5-90) 80 (75-90)

Min–Max 60-100 65-100

Global Functioning Scale Mean of Standardized Means

N 11 11

<0.001
Mean (SD) 43.36 (14.26) 49.18 (14.61)

Median (IQR) 47 (32.5-49.5) 49 (38-56.5)

Min–Max 18-65 24-72

Table 3: Results obtained with PODCI scale before and after the surgery.

Variable Parameter Before surgery After surgery p-value (Wilcoxon)

Lifting and carrying objects

N 11 11

<0.01
Mean (SD) 15.91 (3.99) 11.91 (4.93)

Median (IQR) 18 (13-19) 12 (8.5-16.5)

Min–Max 9-20 5-18

Fine hand use

N 11 11

<0.05
Mean (SD) 9.00 (3.71) 8.36 (3.7)

Median (IQR) 11 (6-12) 10 (5.5-11)

Min–Max 3-12 2-12

Hand and arm use

N 11 11

<0.05
Mean (SD) 15.73 (3.26) 14.55 (3.83)

Median (IQR) 16 (14-18) 15 (11.5-17.5)

Min–Max 10-20 8-19

Washing oneself

N 11 11

<0.05
Mean (SD) 8.91 (2.02) 7.36 (2.94)

Median (IQR) 9 (8-10.5) 8 (5.5-9.5)

Min–Max 5-11 3-11

Caring for body parts

N 11 11

<0.01
Mean (SD) 18.27 (2.28) 16.09 (3.48)

Median (IQR) 19 (18-20) 17 (14-18.5)

Min–Max 14-20 10-20

Dressing

N 11 11

<0.01
Mean (SD) 11.91 (2.39) 9.18 (3.09)

Median (IQR) 12 (10-14) 8 (7-11)

Min–Max 8-15 5-14

Table 4: Results in ICF before and after surgery.
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Variable Parameter After surgery Cao et al. p-value (t test)

Upper Extremity Scale Standardized Mean

N 11 17

<0.01Mean (SD) 28.09 (15.37) 50.3 (24.6)

Min-Max 8-50 21-96

Transfer: Basic Mobility Scale Standardized Mean

N 11 17

_Mean (SD) 52.09 (25.39) 57.3 (29.3)

Min-Max 18-91 12-94

Sports and Physical Functioning Scale Standardized Mean

N 11 17

<0.05Mean (SD) 36.55 (16.29) 48 (27.9)

Min-Max 8-62 17-97

Pain Comfort Scale Standardized Mean

N 11 17

_Mean (SD) 80.18 (15.66) 85.4 (16)

Min- Max 48-100 55-100

Happiness Scale Standardized Mean

N 11 17

_Mean (SD) 83.18 (11.24) 82.4 (22.2)

Min-Max 65-100 25-100

Global Functioning Scale Mean of Standardized Means

N 11 17

<0.05Mean (SD) 49.18 (14.61) 60.3 (17.8)

Min-Max 24-72 29-95

Table 5: Study patients’ PODCI scores after surgery against Cao et al.

Figure 3c: Flexion contracture after surgery.

to reach the hand-to-mouth [9,27].

Our clinical results confirm the effectiveness of posterior 
capsulotomy and triceps lengthening in increasing the range of elbow 
motion without decreasing triceps strength. We did not observe 
improvement in elbow flexor action after posterior release, as was 
observed by Van Heest et al., who claimed that allowing a passive 
range of motion of the elbow may unmask some elbow bicep’s 
function [9]. This may be explained by bone growth over fibrotic 
elbow flexors acting as a chord that is not balanced by lengthened 
triceps [30]. Lack of cooperation with the physiotherapist may also 
decrease the range of obtained flexion; in one case, we observed 
patient incompliance with the PT protocol and pain during elbow 
flexion exercises, resulting in unsatisfactory treatment results.

Generally, younger children are believed to be capable of 
gaining greater increases in motion from posterior elbow release 
[24]. However, younger children have no ability to focus on certain 
exercises during PT sessions. Arranging an interesting postoperative 
PT plan that focuses on gaining specific functions by a young child is 
a big challenge for physiotherapists.

Assessment of postoperative upper limb function in patients with 
arthrogryposis should not be limited to a single parameter but should 
include general upper limb assessment. Therefore, we investigated not 
only the changes in ROM but also assessed whether increased passive 
elbow flexion expands the child’s ability to independently function 
in Activities of Daily Living (ADL). In the PODCI subscales: Upper 
extremity scale, Transfer: Basic mobility scale, Happiness scale, and 
Global functioning scale, we noted significant improvements after 
surgery. In other subscales, the Sports and Physical Functioning Scale 
and the Pain Comfort Scale, there were no significant differences, 
perhaps because sports and recreational activities require whole-
body activity, and this, in case of four-limb arthrogryposis, will 

Figure 4: Initial elbow extension contractures and result after right elbow 
posterior release.
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not be improved only by better elbow motion. Moreover, younger 
children are not as aware as adults or older children of their status and 
probably do not directly associate the benefits of surgery with their 
emotional well-being.

Functional assessment using the PODCI instrument was used in 
a study by Cao et al. [23]. When compared to their results, patients 
from our series scored lower on the Upper Extremity Scale and Sports 
and Physical Functioning Scale, but the other results on Transfer: 
Basic Mobility, Happiness, and Pain/Comfort were comparable 
(Table 5).

We investigated the correlation between range of motion and arc 
of motion achieved after surgery using the PODCI subscales and ICF 
items. There were no statistically significant relationships between 
the changes in range of motion and ICF. However, a significant 
relationship of moderate strength was found in the Upper Extremity 
Scale of the PODCI questionnaire, indicating that posterior release 
and triceps lengthening are ways to become more independent in 
activities of daily living.

This study has some limitations. This was a retrospective review 
with a relatively small cohort of patients; therefore, the results should 
be interpreted with caution. Nevertheless, as amyoplasia is a rare 
disease, it is difficult to collect cohorts of numerous patients with 
similar clinical appearance and uniform treatment. The average 3.5 
year follow up is not very long, especially when compared to other 
studies with longer follow-up periods [9,27], but it allows for a reliable 
comparison of pre- and post-operative function changes.

In contrast, the cohort was treated using a uniform method by 
an experienced team and underwent standardized pre- and post-
operative assessments. Second, to our knowledge, this is the first 
report to assess functional results after posterior elbow release and 
triceps lengthening in children with arthrogryposis using PODCI 
and ICF tools. Although PODCI or the Patient-Reported Outcome 
Measurement Information System (PROMIS) has been recently used 
in arthrogrypotic children to assess function, pain, and mental well-
being, these tools have not yet been used to monitor changes obtained 
with a particular surgery [31].
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