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Abstract

Purpose—In the amyoplasia type of arthrogryposis a reverse pronated grasp pattern is often
seen. We hypothesized that repositioning the hands, through distal humerus external rotation
osteotomies (DHO), would allow for palm-to-palm grasp without arm cross-over, and would
improve function and parent/patient satisfaction.

Methods—The medical records of all patients treated surgically for arthrogryposis were
reviewed at the Shriners Hospital in St. Louis, MO. From 2012-2014, nine patients (14
extremities) had undergone a DHO. All patients had pre-operative and post-operative video
recordings of functional activities and we assessed functional changes after osteotomies. Pre-
operative upper extremity position was graded as 1= palms facing midline, 2=palm facing
posterior, and 3=palms facing away from midline. Post-operative Pediatric Outcomes Data
Collection Instrument (PODCI) questionnaires were obtained and parent satisfaction was
evaluated.

Results—Mean patient age at the time of surgery was 6.5 years-old. There were 5 patients who
underwent bilateral DHOs. All patients had 3 or fewer additional procedures on an upper
extremity during the study period. All patients had an improved resting posture of the upper
extremity after DHO surgery, with a mean change of 51 degrees (range 15-90 degrees). Grasp
pattern was altered in 13 extremities; there was a change in hand position of at least one grade and
5 had complete change from 3 to 1, palms facing away from midline to facing towards midline.
There was a wide range in post-operative PODCI scores for function, but Happiness scores were
high, mean 89 (range 60-100). Parents universally stated the procedure improved the child’s
function “a great deal”. There were two complications, one periprosthetic humerus facture with
recurrence of the internal rotation and one patient with scarring of the triceps requiring tenolysis.

Conclusions—The DHO is an effective procedure for correcting the internal rotation position of
the upper extremity in arthrogryposis and the surgery improves hand opposition with minimal
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complications. Universally there was perceived improved function with high post-operative
PODCI Happiness scores.

Level of Evidence—Therapeutic, Level V
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Introduction

Methods

Arthrogryposis is a condition characterized by joint contractures and underdevelopment of
muscles. The term encompasses a large group of disorders (1,2); amyoplasia is a non-
syndromic form of arthrogryposis that occurs sporadically with no known hereditary pattern.
The characteristic upper extremity deformity includes shoulder internal rotation with limited
motion, weak or absent elbow flexors with elbow extension contracture, flexed and ulnar
deviated wrists with limited active extension, and minimal finger flexion and thumb-in-palm
deformity (2-4).

Recent studies have reported outcomes of surgical treatment for the elbow and wrist
contractures (1-10). While these surgeries improve function in the upper extremities, they do
not change the grasp pattern of the hands. Dorsal closing wedge osteotomy of the carpus
brings the wrists out of flexion; however, the palms may not be opposable if the shoulder
internal rotation contractures are not addressed. The shoulder internal rotation typically
positions the hands dorsal side to dorsal side (Figure 1), and necessitates that the
arthrogrypotic patient use a crossover grasp, placing one hand over the other, to perform
palm-to-palm grasp (Figure 2).

A single surgical technique paper has been published addressing the shoulder internal
rotation deformity and repositioning of the extremity to improve bimanual activities
including grasp (11). There have been no studies assessing the function and outcomes of
these osteotomies in a series of patients. The current study reports on the outcomes of distal
humerus external rotation osteotomy to improve hand position in arthrogryposis. We tested
the null hypothesis that the distal humerus osteotomy (DHO) would not change the grasp
pattern in patients with arthrogryposis, amyoplasia type.

After institutional review board approval was obtained, we prospectively enrolled patients
with arthrogryposis, amyoplasia type, who were undergoing a distal humerus external
rotation osteotomy to improve grasp. The investigation was performed at St. Louis Shriners
Hospital. The decision to proceed with surgery was a result of a conversation between the
family and the treating surgeon addressing the patient’s grasp pattern. Indications for surgery
included the absence of palm-to-palm grasp. A relative requirement prior to DHO is a
neutral wrist, though the wrist osteotomy can be performed at the time of the DHO. If the
patient underwent bilateral surgeries, both arms were included in the series although the
surgeries were performed in a staged fashion.
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A certified hand therapist evaluated all patients. Before and at final follow-up, passive
internal and external rotation of the shoulder and the resting posture of the extremity were
measured. The resting posture was assessed when the patient was upright and the arm
adducted to the side with the elbow flexed as close to 90 as possible; the resting posture is
the measurement between the forearm and the body with the angle of 90 degrees from the
body to the forearm as neutral. Video recordings were made of each patient while
performing various grasping activities with different sized objects. These videos were taken
preoperatively and postoperatively at 3 and 12 months. Two certified hand therapists then
assessed the videos for grading of grasp patterns. Patients were graded based on grasp
patterns, using an assessment system developed by the authors to describe hand position
during grasp. Grade 1, palm facing midline; grade 2, palm facing posteriorly; and grade 3,
palm facing away from midline. The parent and/or care-giver completed the Pediatric
Outcomes Data Collection Instrument (PODCI) questionnaires preoperatively and
postoperatively, to assess for overall health, pain, and ability to participate in activities
(12,13). Additionally, parents were asked for a subjective outcome assessment with a
questionnaire allowing an open, free text response for their opinion of the surgery outcome,
specifically in regards to the arm rotation from the DHO. A research coordinator who was
not involved in the patients’ care introduced this questionnaire.

Surgical technique

Passive shoulder rotation was based on clinical examination when the child was
anesthetized; the rotation was assessed looking at the hand position with the extremity at the
side of the body in shoulder adduction and the elbow in 90 degrees of flexion. If a posterior
elbow release and triceps lengthening (9) was done concurrently, then it was performed first
to allow assessment of the hand position with elbow flexion. The amount of external rotation
correction was based on clinical examination with the goal to reposition the hand with the
palm facing medially and to allow the hand to reach the mouth. We find this amount of
rotation tends to be about 90 degrees, but each patient is independently assessed. No attempt
was made to preserve positioning of the hand for perineal care.

All surgeries were performed with the patient under general anesthesia in the lateral
decubitus position. If the upper arm was large enough, then a sterile tourniquet was used at a
pressure of 250 mmHg. A posterior incision was made from the mid-aspect of the humerus
to the olecranon. The ulnar nerve was identified and protected. The cutaneous branch of the
radial nerve was also identified and dissected proximally to the radial nerve proper and both
were protected throughout the case. The triceps was retracted and a transverse osteotomy
was designed above the flare of the distal humeral metaphysis. Prior to osteotomy, a 2.4 or
2.7 mm 6-hole plate was placed along the posterior lateral column of the humerus and the
proximal screw holes drilled. We completed the osteotomy with 0.045 Kirschner wire
cortical perforation and osteotome separation of the fragments. The plate was then fixed
proximally to the shaft and the distal fragment was secured once the distal fragment of the
humerus was externally rotated. The skin was closed and the patient was placed into a long-
arm splint.
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Postoperatively the patient was seen in the office at 2 weeks and x-rays were obtained.
Gentle elbow range of motion was begun and patients wore a sling for the following 6
weeks, except for bathing and exercises. Weight bearing was restricted until radiographic
healing was seen, typically 2 months from surgery. The postoperative plan was modified
based on concomitant surgeries. If there was a concomitant carpal wedge osteotomy, the
wrist was continually immobilized for 6 weeks post-operatively, but elbow motion was
allowed. When a DHO was performed at the same time as a posterior elbow release and
triceps lengthening, motion was started at 2 weeks and a protective long arm splint,
positioned with the elbow in 90 degrees of flexion, was utilized for 6 weeks. Radiographs of
the humerus were followed until complete radiographic healing is achieved, assessed as 3
healed cortices, typically at approximately 3 months.

Nine patients were included in the study, 3 were female. Five patients had bilateral surgeries
so a total of 14 extremities were studied. Mean follow-up was 1.9 years (range 6 months to 4
years). The average age at the time of DHO surgery was 6.5 years (range 2-13 years). All
patients had three or fewer additional procedures on a single extremity over the study period.
There were 5 concurrent posterior elbow releases with triceps lengthening and 3 concurrent
carpal wedge osteotomies. No patient had all three procedures performed at the same time.
Other non-concurrent surgeries included thenar release, first web deepening, Steindler
flexorplasty, and long head of the triceps transfer.

There were two complications. One patient sustained a humerus fracture adjacent to the
plate after a fall and was treated successfully with sling immobilization. Upon healing there
was recurrence of the internal rotation posture, thus this patient was not included in the data
presented (Tables 1 and 2). A second patient required a revision posterior elbow release one
year after a combined DHO and elbow release surgery because of stiffness and scarring
resulting in loss of motion.

At one year after surgery, the average change of arm position was an increase of 51 degrees
of external rotation (range, 15-90) measured in resting posture (Table 1). Assessing hand
position by grade, there was typically a change in position by at least one grade of external
rotation. (Table 2). However, five patients changed from grade 3 (palms facing away from
midline) to 1 (hands facing toward midline). An example of such a change can be seen in the
change in the pre-operative photo (Figure 2) compared to the post-operative follow up photo
(Figure 3). This positioning was seen in the video recordings for each patient, though not all
had a 2 level change in grade. The one patient who failed to improve on video assessment
was the patient with the distal humerus fracture and recurrence of the internal rotation
position.

Additionally, it was seen that handwriting improved in 5 patients. These 5 patients all had
surgery on their dominant side and thus affected their writing. After DHO the hand holding
the pen could rest with its ulnar border on the table, in contrast to the radial border or with
the hand held above the paper with palm downward, which allowed improved posture for
writing and holding the pen.

J Hand Surg Am. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wall et al. Page 5
While there was a wide range of post-operative PODCI scores for upper extremity function
and global outcomes, the mean Happiness score revealed a high score of 89 (range 60-100)
suggesting that patients were fairly happy. Parent responses were universally positive (Table
3). No negative responses were obtained on the written free text questionnaires.
Discussion

Limited joint motion and muscle development in patients with amyoplasia greatly impairs
the ability to grasp objects and use the hands together. Given the typical limitations of finger
motion, bimanual grasp and manipulation is highly advantageous but, in our opinion, is
often limited by arm position (shoulder internal rotation). The internally rotated arm position
typically prevents palm-to-palm grasping activities, the most effective position for such
functions in this population. Multiple procedures have been described to improve the use of
the upper extremities in these patients, such as dorsal carpal wedge osteotomy (15,16),
posterior elbow releases with triceps lengthening (9-10), and muscle transfers for active
elbow flexion (1,5-8). While these procedures help a child to achieve hand to mouth contact,
function remains limited if the hand remains externally rotated, pointing away from the
midline. At our institution we have utilized a distal humerus osteotomy to reposition the
hands for improved grasp. The patient with a cross over grasp or side-to-side grasp can have
an improved bimanual grasp pattern by turning the palms toward midline after rotational
osteotomy of the humerus. We have shown an average of 51 degrees rotational improvement
in the clinical resting posture of the upper extremity. The change in clinical resting posture
seen changed the hand position on average from Grade 3 (palms away from mid-line) to 2
(palms facing posterior) or a 2 to a grade 1 (palm to palm). In 5 extremities, we were able to
change from 3 to grade 1. We feel that these changes allowed for improvement in grasping.

We also found that the DHO changed the hand position to allow improved ease in writing
and grasping of small objects in a majority of the patients. Our video assessment revealed
that after DHO, patients could more easily pick up a one-inch cube with improved
visualization, their palm not blocking their view, in addition to an improved grasp pattern.
During pre-operative grasp, the patients were not able to see the object and it had to be
placed into their hand for grasp because their palm facing away blocked their view (Video
1). After the osteotomy, we hypothesize that the improved visualization of the object also
contributed to the patient’s improved ability to grasp the object (Video 2). This new position
also allowed the ulnar border of the hand to rest on the table, contributing to improvement in
the ease of writing. While it was difficult to quantify the specific social and emotional
effects of this procedure, in general, all patients were happy with their outcome.

The single report in the literature on this topic describes the surgical technique of the distal
humerus osteotomy, performed concurrently with a posterior elbow release (11). The authors
discuss rotating the distal arm through a DHO to allow the hand to reach the mouth, but not
so much as to impair midline function; no specific degree of external rotation was
recommended. We have come to incorporate approximately 90 degrees of rotation and have
not yet had a case of excessive external rotation causing the patient to be unable to touch
their hands to midline for grasp or to be unable to passively flex to the mouth (if their elbow
allowed). In our earliest patients, our rotational corrections were limited but as we have
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become more comfortable with the functional improvement, we are more aggressive with
rotational change and are rotating about 90 degrees intra-operatively. Additionally in the
technique paper (11), the authors also describe utilizing cross Kirschner wires (K-wires) as
an alternative option for osteotomy fixation but we no longer use K-wires. We feel that a
plate gives more rigid fixation and allows for earlier motion in these children who already
struggle with obtaining and maintaining motion. Lastly, our osteotomy location is similar to
this previous surgical technique, the distal metaphysis of the humerus. We believe the distal
humerus to be a very accessible surgical location and it allows the posterior elbow to be
addressed simultaneously through the same incision.

Additionally, with regards to surgical assessment of rotation, we acknowledge that forearm
pronation in some patients may contribute to the deformity of palms facing away from
midline. We recommend that in patients with hyperpronation of the forearm, critical
assessment of the effects of a DHO should be considered in order to prevent excessive
external rotation with the elbow in flexion. Lastly, we have not had obvious recurrence of
our rotation correction seen by loss of hand position at this short follow-up, except in one
patient with the peri-implant fracture.

There was one post-operative fracture in our cohort. The patient fell after his osteotomy had
healed and a fracture sustained just above the plate. This fracture was treated non-
operatively and healed with recurrent internal rotation. This case emphasized the risk of falls
and possible fracture in this population. The arthrogrypotic patient is not able to easily catch
him or herself because of limited upper extremity function and is at higher risk of injury and
possible fracture after an osteotomy than a non-arthrogrypotic patient. We now discuss this
specific risk with the families pre-operatively.

We have a combined approach to surgery for the upper limb in arthrogryposis utilizing
multiple procedures. The timing depends on the time of presentation of the patient to our
hospital. Ideally we address the elbow joint tightness with a posterior release and triceps
lengthening around one year of age, to obtained passive elbow flexion to at least 90 degrees.
We also perform a dorsal closing wedge osteotomy of the wrist and thenar release with first
web space deepening at this time. As the child gets older, we discuss both elbow flexion
transfers and distal humerus rotational osteotomies to improve hand position. When
planning bilateral DHOs, we typically suggest waiting at least 3 months between surgeries to
allow for osteotomy healing and to regain motion.

There are several limitations to this study. There is a broad spectrum of involvement of
arthrogryposis in our patient cohort, with some patients being more involved than others in
both the upper and lower extremities. The degree of involvement affects the overall clinical
status, as seen with the wide range of PODCI values, but we believe we were able to detect a
notable clinical change in position after DHO. Unfortunately we do not have pre-operative
PODCI scores to be able to isolate specific changes in scores resulting from the DHO.
Secondly, there is no validated dexterity instrument utilized to assess hand function.
However, such an instrument would not be helpful in this population because of the level of
involvement of their hands. Thus we felt a more subjective observational approach would be
the most effective assessment tool and so we developed our own grading system to evaluate
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grasp patterns. We did not feel that it was clear enough from our videos to specifically assess
grasp for each specific object (i.e. small, large, square, or cubic), thus we used the
assessment of grasp to look at hand position during grasp. A third limitation was that we
were not able to verify the measurements of rotation; this was a retrospective clinical study
and many measurements were previously obtained. However, our therapists measure rotation
based on our established convention and have had numerous years of experience.
Additionally, there were a high number of additional concurrent, and subsequent,
procedures. This is a common limitation in this patient population and one that makes it
somewhat more difficult to quantify subjective improvement. We did try to be focused with
our evaluation, specifically looking at the resting posture of the arm and hand position for
grasp, based on the hand position, the direct effect of the DHO. Lastly, we obtained an
average change in resting posture of 51 degrees, but have stated that we typically rotate the
distal humerus 90 degrees intra-operatively. This discrepancy is due to a change in technique
over the timeframe of the study. We have become more aggressive with our degree of
rotation; initially we did not utilize as much rotation and have changed our technique.
Unfortunately we do not have the specific intra-operative degrees of rotation from the
operative notes to quantify this. That being said, we believe that each extremity needs to be
evaluated independently to position the hand facing midline and to allow the hand to come
passively to the mouth.

Overall, our study has shown that distal humerus osteotomies can improve grasp patterns in
patients with arthrogryposis, amyoplasia type, by redirecting the palm towards midline. We
have had good success rotating the humerus approximately 90 degrees intraoperatively and
utilizing a plate and screw construct for osteotomy fixation. Longer-term studies are needed
to fully delineate the effect of this surgery on patients’” overall clinical functional outcome.
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Figure 1.
A clinical photograph of the typical arthrogrypotic upper extremity posture: the shoulders

remain internally rotated which typically places the hands dorsal side to dorsal side.
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Figure 2.
A clinical photograph of the classic crossover grasp in the arthrogrypotic patient. One hand

is crossed over the other to perform pal-to-palm grasp.
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Figure 3.
Clinical image of upper extremity posture after distal humerus osteotomy on the right. Note

the palm facing toward midline compared to the left that has not had DHO.
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Figure 4.
Figure 4A and B. Radiographs of a healed DHO with plate and screw fixation.
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Measurement of resting position of the upper extremity pre-operatively (pre-op) versus post-operatively (post-

Table 1
op).

Patient | Pre-op resting position | Post-op resting position | Delta
1R 30 IR 151R 15
1L 50 IR 151R 35
2R 48 IR 0IR 48
2L 55 1R 30 IR 25
3R 40 IR 30 ER 70
3L 50 IR 15ER 65
4R 65 IR 25ER 40
4L 65 IR 0 65
5R 90 IR 30 IR 60
5L 90 IR 40 IR 50
6L 0 45 ER 45
7L 90 IR 0 90
8L 50 IR 0 50

IR = internal rotation. ER = external rotation.
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Table 2

Grades of hand position.

Patient | Pre-Op | Post-Op | Delta
1R 3 2 1
1L 2 1 1
2R 2 2
2L 2 1 1
3R 3 1 2
3L 3 1 2
4R 3 1 2
4L 3 2 1
5R 3 2 1
5L 3 2 1
6L 3 1 2
7L 2 1 1
8L 3 1 2

Grade 1 = palms facing midline, Grade 2 = palm facing posterior, Grade 3 = palm facing away from the body.
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Table 3

Parent responses to DHO surgery.

Quotes from parents response:

1. Improved function “a great deal”

2. “Its just easier now”

. “...it seems like he has more function with his arms turned”

. “She can hold her pencil properly without any struggle.”

3
4. “It's a lot easier for her to do things --like writing.”
5
6

. She is so happy!
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