
What range of motion is achieved 5 years after external rotationplasty of
the shoulder in infants with an obstetric brachial plexus injury?
Sarac, C.; Amghar, H.; Nieuwenhuijse, M.J.; Nagels, J.; Buitenhuis, S.M.; Wolterbeek, R.;
Nelissen, R.G.H.H.

Citation
Sarac, C., Amghar, H., Nieuwenhuijse, M. J., Nagels, J., Buitenhuis, S. M., Wolterbeek, R., &
Nelissen, R. G. H. H. (2020). What range of motion is achieved 5 years after external
rotationplasty of the shoulder in infants with an obstetric brachial plexus injury? Clinical
Orthopaedics And Related Research, 478(1), 114-123. doi:10.1097/CORR.0000000000000996
 
Version: Publisher's Version
License: Creative Commons CC BY-NC-ND 4.0 license
Downloaded from: https://hdl.handle.net/1887/3184170
 
Note: To cite this publication please use the final published version (if applicable).

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://hdl.handle.net/1887/3184170


Clin Orthop Relat Res (2020) 478:114-123
DOI 10.1097/CORR.0000000000000996

Clinical Research

What Range of Motion is Achieved 5 Years After External
Rotationplasty of the Shoulder in Infants with an Obstetric
Brachial Plexus Injury?

Cigdem Sarac MD, Hassan Amghar BSc, Marc J. Nieuwenhuijse MD, PhD, Jochem Nagels MD,
Sonja M. Buitenhuis PT, Ron Wolterbeek MD, Rob G. H. H. Nelissen MD, PhD

Received: 23 January 2019 / Accepted: 23 September 2019 / Published online: 17 October 2019
Copyright © 2019 by the Association of Bone and Joint Surgeons

Abstract
Background Obstetric brachial plexus injuries result from
traction injuries during delivery, and 30% of these children
have persisting functional limitations related to an external
rotation deficit of the shoulder. Little is known about the
long-term effect of soft-tissue procedures of the shoulder in
patients with obstetric brachial plexus injuries.
Questions/purposes (1) After soft-tissue release for
patients with passive external rotation less than 20° and age
younger than 2 years and for patients older than 2 years

with good external rotation strength, what are the
improvements in passive external rotation and abduction
arcs at 1 and 5 years? (2) For patients who underwent
staged tendon transfer after soft-tissue release, what are the
improvements in active external rotation and abduction
arcs at 1 and 5 years? (3) For patients with passive external
rotation less than 20° and no active external rotation, what
are the improvements in active external rotation and ab-
duction arcs at 1 and 5 years?
Methods This was a retrospective analysis of a longitu-
dinally maintained institutional database. Between 1996
and 2009, 149 children underwent a soft-tissue procedure
of the shoulder for an internal rotation contracture. The
inclusion criteria were treatment with an internal contrac-
ture release and/or tendon transfer, a maximum age of 18
years at the time of surgery, and a minimum follow-up
period of 2 years. Six patients were older than 18 years at
the time of surgery and 31 children were seen at our clinic
until 1 year postoperatively, but because they had good
clinical results and lived far away from our center, these
children were discharged to physical therapists in their
hometown for annual follow-up. Thus, 112 children (59
boys) were available for analysis. Patients with passive
external rotation less than 20° and age younger than 2 years
and patients older than 2 years with good external rotation
strength received soft-tissue release only (n = 37). Of these
patients, 17 children did not have adequate active external
rotation, and second-stage tendon transfer surgery was
performed. For patients with passive external rotation less
than 20° with no active external rotation, single-stage
contracture release with tendon transfer was performed (n =
68). When no contracture was present (greater than 20° of
external rotation) but the patient had an active deficit
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(n = 7), tendon transfer alone was performed; this group
was not analyzed. A functional assessment of the shoulder
was performed preoperatively and postoperatively at
6 weeks, 3 months, and annually thereafter and included
abduction, external rotation in adduction and abduction,
and the Mallet scale.
Results Internal contracture release resulted in an im-
provement in passive external rotation in adduction and
abduction of 29° (95% confidence interval, 21 to 38; p <
0.001) and 17° (95% CI, 10 to 24; p < 0.001) at 1 year of
follow-up and 25° (95% CI, 15-35; p < 0.001) and 15°
(95% CI, 7 to 24; p = 0.001) at 5 years. Because of in-
sufficient strength of the external rotators after release, 46%
of the children (17 of 37) underwent an additional tendon
transfer for active external rotation, resulting in an im-
provement in active external rotation in adduction and
abduction at each successive follow-up visit. Patients with
staged transfers had improved active function; improve-
ments in active external rotation in adduction and abduc-
tionwere 49° (95%CI, 28 to 69; p < 0.05) and 45° (95%CI,
11 to 79; p < 0.001) at 1 year of follow-up and 38° (95%CI,
19 to 58; p < 0.05) and 23° (95%CI, -8 to 55; p < 0.001) at 5
years. In patients starting with less than 20° of passive
external rotation and no active external rotation, after
single-stage contracture release and tendon transfer, active
ROM was improved. Active external rotation in adduction
and abduction were 75° (95% CI, 66 to 84; p < 0.001) and
50° (95%CI, 43 to 57; p < 0.001) at 1 year of follow-up and
65° (95% CI, 50 to 79; p < 0.001) and 40° (95% CI, 28 to
52; p < 0.001) at 5 years.
Conclusion Young children with obstetric brachial plexus
injuries who have internal rotation contractures may benefit
from soft-tissue release. When active external rotation is
lacking, soft-tissue release combined with tendon transfer
improved active external rotation in this small series. Fu-
ture studies on the degree of glenohumeral deformities and
functional outcome might give more insight into the level
of increase in external rotation.
Level of Evidence Level III, therapeutic study.

Introduction

Functional deficits after obstetric brachial plexus injuries
depend on the extent of the injury (axonotmesis, neuro-
tmesis, or avulsion) and the extent to which the nerve roots
from C5 to T1 are involved. Children with involvement of
the upper plexus (C5 and C6 lesions) will have problems
with the shoulder, including limited abduction and external
rotation [7, 12, 19]. Nonsurgical therapy and micro-
neurosurgical therapy may improve upper-extremity
function, but as the infant ages, functional deficits and
anatomic changes may become permanent or even worsen
[6, 8, 11, 18, 20, 21, 26]. Limited external rotation of the

shoulder is a common clinical feature in these infants, and it
is an indication for secondary surgery (internal contracture
release and/or tendon transfer) [17, 27, 29].

However, the outcome of secondary surgery of the
shoulder is rarely reported, and most studies either make no
distinction between the different types of surgery or describe
only one specific type of secondary surgery, obscuring
comparisons within a series [23]. Furthermore, contrary to
other studies presenting data at one follow-up time point, the
current study presents a series of children with secondary
soft-tissue procedures of the shoulder for internal rotation
contracture during a 5-year follow-up period.

Therefore, we asked: (1) After soft-tissue release for
patients with passive external rotation less than 20° and age
younger than 2 years and for patients older than 2 years
with good external rotation strength, what are the
improvements in passive external rotation and abduction
arcs at 1 and 5 years? (2) For patients who underwent
staged tendon transfer after soft-tissue release, what are the
improvements in active external rotation and abduction
arcs at 1 and 5 years? (3) For patients with passive external
rotation less than 20° and no active external rotation, what
are the improvements in active external rotation and ab-
duction arcs at 1 and 5 years?

Patients and Methods

All children with obstetric brachial plexus injuries who
underwent an orthopaedic surgical intervention at our in-
stitution have been followed in a longitudinal database since
1995. Between 1996 and 2009, 149 children had a soft-
tissue procedure of the shoulder for an internal rotation
contracture. The inclusion criteria for the present study were
treatment with internal contracture release and/or tendon
transfer, a maximum age of 18 years at the time of surgery,
and a minimum follow-up period of 2 years. Six patients
were older than 18 years at the time of surgery and 31
children were seen at our clinic until 1 year postoperatively
but had good clinical results and lived far away from our
center; these children were discharged to physical therapists
in their hometown for annual follow-up visits (see Appen-
dix, Supplemental Digital Content 1, http://links.lww.
com/CORR/A243). Thus, 75% of the children (112 of
149; 59 boys)were available for analysis (Table 1). The right
shoulder was involved in 66 children. Lesion topography
was C5 orC6 (67 children), C5 toC7 (37 children), C5 toC8
(four children), and C5 to T1 (four children). The primary
treatment consisted of nerve reconstruction in 70 children
and neurolysis of the brachial plexus in eight. The remaining
34 children were initially seen at the nerve injury clinic but
had functional recovery of the biceps muscle and were
initially treated with physical therapy to prevent joint
contracture. Our institutional medical ethics committee
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approved the prospective follow-up of these patients (study
number CME 04/14A).

Surgical Intervention

The selection criterion for surgical intervention, either an
internal contracture release or transfer of the latissimus
dorsi and teres major, was based on preoperative values of
passive and active external rotation (Fig. 1). Two techni-
ques were used: only internal rotation contracture release or
internal rotation contracture release combined with tendon
transfer in the shoulder.

Children with limited passive external rotation and good
function of the active external rotators or those who had a
chance of recovery underwent only internal contracture
release and used a thorax external rotation plaster post-
operatively for 4 weeks. If the external rotators had not
recovered after release, an additional tendon transfer was
performed at a later stage. After tendon transfer, children
wore an external rotation plaster of the thorax for 6 weeks.
Since 2001, we have only performed release without ten-
don transfer in children with limited passive external ro-
tation and age younger than 2 years or in older children
with limited passive internal external rotation and good
strength of the external rotators (a score of at least 4 on the
Medical Research Council scale for Muscle Strength).

Children with no active external rotation and passive
external rotation in adduction of less than 20° that pro-
gressed over time met the indications for anterior release
and tendon transfer in one stage. Additionally, children
with passive external rotation greater than 20° in adduction
and no active external rotation underwent a tendon transfer
without soft-tissue release (Fig. 1).

In the 112 included children, the treatment strategy was
performed as follows: 37 children (mean age 3 years6 2.6

years) underwent internal rotation contracture release and
68 children (mean age 5 years 6 3.4 years) underwent
internal contracture release and tendon transfer for active
external rotation in one stage. Seven children (mean age 8
years 6 4.5 years) received an active external rotation
tendon transfer without release, because the mean passive
external rotation in adduction was 54° 6 19°; therefore,
this group was not analyzed in detail (Table 1).

Type of Release

Two types of internal contracture release were performed:
anterior release (n = 70) and posterior release (n = 35).
Posterior release, as described by Carlioz and Brahimi [3],
was performed between 1996 and 2001; thereafter, an an-
terior technique, as developed by the senior author
(RGHHN), was used in all children.

Surgical Techniques

All operations were performed by the senior author
(RGHHN) with the patient under general anesthesia in a
semi-lateral decubital position.

Posterior Release

In 35 children, an incision along the inferior angle and
lateral border of the scapula was made to expose the lat-
issimus dorsi-teres major interval. In this interval, the in-
ferior 1/3 of the medial scapular border was identified and
incised. The subscapularis was then released posteriorly
from the scapula.

Anterior Release

A deltopectoral incision of 5 mm to 7 mm was made to
expose the coracoid in 70 children. After identification, an
incision was made at the base of the coracoid, and the cor-
acohumeral ligament at the anterior capsule of the shoulder
was released at a length of 3 mm in 66 children. In eight
children, this gave insufficient external rotation; thus, a
deltopectoral incision was used to expose the cranial part of
the subscapular tendon, which was also incised over a width
of 2 mm to 3 mm of the cranial part of this tendon.

Tendon Transfer

Through a slightly curved incision at the posterior axillar
border, the teres major and/or latissimus dorsi tendon was

Table 1. Patient characteristics in the different treatment groups

Patient
characteristics

Release
n = 37

Release and tendon
transfer
n = 68

Only tendon
transfer
n = 7

Sex, Male:
Female

21:16 36:32 2:5

Affected side,
left: right

18:19 26:42 2:5

Mean age 6
standard
deviation (years)

3 6 2.6 5 6 3.4 8 6 4.5

Type of lesion

C5-C6 23 40 4

C5-C7 11 23 3

C5-C8 1 3

C5-T1 2 2

116 Sarac et al. Clinical Orthopaedics and Related Research®

Copyright © 2019 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



identified and detached from the humerus (Fig. 2A-B). A
second incision wasmade posterior and cranial to the upper
arm, followed by a deltoid split to expose the humeral head
(Fig. 2C). The detached latissimus dorsi and teres major
were transferred underneath the deltoid muscle to the
infraspinatus-supraspinatus footprint area. Both tendons
were fixed with transosseous sutures at the greater tuber-
osity of the humerus. If severe fatty changes of the sub-
scapular muscle existed, as seen onMRI [10], only the teres

major (n = 7) or the latissimus dorsi (n = 1) was transferred
to prevent external rotation contracture of the shoulder.

Clinical Assessment Criteria and Follow-up

A prospective functional assessment of the shoulder was
performed preoperatively and postoperatively at 6 weeks,
3 months, and annually thereafter, and included active and

Fig. 1 This flowchart shows the indications for different secondary shoulder procedures.

Fig. 2 This figure shows (A) the posterior approach to the posterior axillar line, (B) detachment of the latissimus dorsi and teres
major tendons, and (C) the deltoid split for reattachment at the infraspinatus-supraspinatus footprint at the greater tuberosity of the
humerus.
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passive measurements of abduction, anteflexion, external
rotation in adduction and abduction, internal rotation,
horizontal adduction, and the Mallet scale [1]. All clinical
measurements were made with a goniometer by an ortho-
paedic surgeon, a trained physical therapist, or a re-
habilitation physician. The mean follow-up was 5.3 years
6 2.7 years.

Loss to Follow-up

There were no differences between children with a limited
follow-up duration after the 1-year follow-up interval and
children with longer follow-up in terms of passive
and active external rotation in adduction and abduction
and passive abduction in both the release and the release-
and-tendon-transfer in one stage groups (p > 0.05) (see
Appendix, Supplemental Digital Content 1, http://links.
lww.com/CORR/A243). Active abduction and elevation
were higher in the lost-to-follow-up release group (p < 0.
05) than in children with longer follow-up, whereas in the
release-and-tendon-transfer groups, active abduction was
not different (p > 0.05)

Statistical Analysis

Measured values are presented as the mean and SD; esti-
mates are presented as the mean and 95% confidence in-
terval. A mixed model (with random intercepts for
children) was used to evaluate the correlation between re-
peated measurements within a child for a single outcome
variable.

Because preoperative external rotation is a confounder
of the postoperative result, preoperative values of passive
and active external rotation were divided in three different
classes: I: less than -60°; II: between -60 and -20°; and III:
at least 20°. A p value < 0.05 was considered significant.
Locally estimated scatterplot smoothing was used to vi-
sualize the relationship between the variable of follow-up
time and the variables of passive and active external rota-
tion in adduction and abduction. The Mann Whitney test
was used to compare patient characteristics between dif-
ferent groups. For statistical analysis, the SPSS software
package was used (version 17.0; Chicago, IL, USA).

Results

For patients with passive external rotation less than 20° and
age younger than 2 years and for patients aged older than 2
years with good external rotation strength after soft-tissue
release alone, the mean preoperative passive external ro-
tation in adduction was -8° (standard error 3.7) and was

improved by 29° (95% CI, 21 to 38; p < 0.05) at 1 year and
by 25° (95% CI, 15 to 35; p < 0.001) at 5 years.

The mean preoperative passive external rotation in ab-
duction was 49° (standard error 3) and was improved by
17° (95% CI, 10 to 24; p < 0.05) at 1 year and by 15° (95%
CI, 7 to 24; p < 0.001) at 5 years. Passive external rotation
in adduction and abduction showed a linear increase in the
first 12 months, then plateaued thereafter (Fig. 3A).

Internal contracture release improved passive external
rotation in adduction and abduction at the 1-year and 5-year
follow-up intervals (Table 2). Active external rotation in
adduction and abduction, active abduction, and the
domains of hand-to-head and hand-to-mouth on the Mallet
scale all improved at the 1-year and 5-year follow-up
intervals (Table 2).

Forty-six percent (17 of 37 patients) with insufficient
strength of external rotation after release with second-stage
tendon transfers had improved active function. The mean
preoperative active external rotation in adduction was -70°
(standard error 7.6) and was improved by 49° (95% CI,
28 to 69; p < 0.05) at 1 year and by 45° (95% CI, 11 to 79;
p < 0.001) at 5 years. Themean preoperative active external
rotation in abduction was 6° (standard error 7.9) and was
improved by 38° (95% CI, 19 to 58; p < 0.05) at 1 year and
by 23° (95% CI, -8 to 55; p > 0.05) at 5 years (Table 3).
Active external rotation in adduction and abduction
showed a linear increase in the first 12 months, then pla-
teaued thereafter (Fig. 3B).

In patients who initially had less than 20° passive ex-
ternal rotation and no active external rotation after single-
stage contracture release and tendon transfer, active ROM
was improved. The mean preoperative active external ro-
tation in adduction was -74° (standard error 4.1) and was
improved by 75° (95% CI, 66 to 84; p < 0.05) at 1 year and
by 65° (95% CI, 50 to 79; p < 0.05) at 5 years. The mean
preoperative active external rotation in abduction was 2°
(standard error 3.3) and was improved by 50° (95% CI, 43
to 57; p < 0.05) at 1 year and by 40° (95% CI, 28 to 52; p <
0.05) at 5 years. Active external rotation in adduction and
abduction showed a linear increase in the first 12 months,
then plateaued thereafter (Fig. 3C).

Passive external rotation in adduction and abduction,
active abduction and elevation, and scores for all domains
of the Mallet scale, except for the domain of hand-to-back,
improved at 1 and 5 years of follow-up (Table 4).

Complications

Ten complications occurred. Keloid scars developed in
four children after surgery and were treated with a self-
adhesive gel sheet; one scar was surgically corrected. One
child had transient postoperative ulnar nerve compression
because of pressure from a postoperative external rotation
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Fig. 3 This figure shows (A) degrees of postoperative passive external rotation in ad-
duction (left) and abduction (right) after internal contracture release in 37 children at the
5-year follow-up timepoint. There was an evident increase in passive external rotation (a
locally estimated scatterplot smoothing curve was fitted to measurements of individual
patients at different timepoints). (B) This images shows degrees of postoperative active
external rotation in adduction (left) and abduction (right) after internal contracture
release in 37 children at the 5-year follow-up interval. (C) This images shows degrees of
postoperative active external rotation in adduction (left) and abduction (right) after an
additional tendon transfer in 17 children after they had an insufficient response to
primary internal contracture release during an additional 3-year follow-up period.
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plaster of the thorax at themedial epicondyle. This resolved
after we opened the plaster at the elbow. In four patients, an
external rotation contracture with limited internal rotation

(median: 0° [minimum: -40; maximum: 0]) occurred after
tendon transfer. In two patients, no additional treatment
was performed because these patients had minimal

Table 2. Preoperative and postoperative ROM of the shoulder in children with an internal contracture release (n = 37)

Internal contracture release
Mean preoperative ROM (°)

(standard error)
Mean increase in ROM 1 and 5 years

postoperatively (°) (95% CI)

Active external rotation -46 (7.3) 1 year: 33 (17-47a)

(in adduction) 5 years: 35 (17-52a)

Passive external rotation -8 (3.7) 1 year: 29 (21-38a)

(in adduction) 5 years: 25 (15-35a)

Active external rotation 11 (7) 1 year: 24 (8-40b)

(in abduction) 5 years: 35 (18-52a)

Passive external rotation 49 (3) 1 year: 17 (10-24a)

(in abduction) 5 years: 15 (7-24b)

Active 70 (8.6) 1 year: 35 (19-50a)

Abduction and elevation 5 years: 47 (31-63a)

Passive abduction 84 (3.3) 1 year: 4 (3-15b)

5 years: 3 (-3 to 9)

Mallet 3 (0.5) 1 year: 0.2 (0.9-1.3)

Abduction 5 years: 0.2 (-1 to 1.4)

Mallet 1.4 (0.2) 1 year: 0.8 (0.4-1b)

External rotation 5 years: 0.2 (-0.4to 0.7)

Mallet 2 (0.2) 1 year: 1.1 (0.7-1.4a)

Hand-to-head 5 years: 1.2 (0.9-1.6a)

Mallet 3 (0.2) 1 year: 0.3 (-0.1 to 0.7)

Hand-to-back 5 years: 0.1 (-0.3 to 0.5)

Mallet 3 (0.2) 1 year: 0.5 (0.2-0.9b)

Hand-to-mouth 5 years: 0.6 (0.2-0.9b)

ap < 0.001
bp < 0.05.

Table 3. Preoperative and postoperative ROM of the shoulder in children with a tendon transposition after a prior release (n = 17)

Tendon transfer (after prior internal
contracture release)

Mean preoperative ROM (°)
(standard error)

Mean increase in ROM 1 and 5 years
postoperatively (°) (95% CI)

Active external rotation -70 (7.6) 1 year: 49 (28-69a)

(in adduction) 5 years: 45 (11-79b)

Passive external rotation 2 (5.4) 1 year: 14 (2- 27b)

(in adduction 5 years: 5 (-17 to 27)

Active external rotation 6 (7.9) 1 year: 38 (19-58a)

(in abduction) 5 years: 23 (-8 to 55)

Passive external rotation 51 (4.2) 1 year: 26 (16-35b)

(in abduction) 5 years: 11 (6 to -27)

Active 99 (11.8) 1 year: 31 (9- 54b)

Abduction and elevation 5 years: -4 (-40 to 30)

Passive abduction 80 (3.2) 1 year: 4 (-5 to 12)

5 years: 12 (-1 to 25)

ap < 0.001
bp < 0.05.
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functional limitations. In two patients, the maximum active
internal rotation was -20° in adduction (that is, the arm was
in external rotation); passive internal rotation in adduction
was 0° in one child and -40° in the other. Posterior capsule
release and release of the transferred latissimus dorsi and
teres major tendon from the posterior side were performed
to improve internal rotation. Postoperative data were only
available for one child, in whom passive internal rotation in
adduction was increased to 50°. One child underwent
surgery in September 2012 and this child’s postoperative
results are not yet available.

Discussion

Children with insufficient, spontaneous functional re-
covery after obstetric brachial plexus injuries benefit from
secondary soft-tissue surgery of the shoulder using the
presented treatment strategy if they have an internal rota-
tion contracture of the shoulder. Age and preoperative
passive external rotation in adduction and strength of the
external rotators were important factors in preoperative
decision-making about the type of secondary surgery in

order to improve functionality. When the timing and type
of procedure (such as release, tendon transfer, or a com-
bination of the two) are selected carefully based on the
preoperative functional status of the child, the child will be
able to use his or her arm optimally for daily activities.
Because it is important to monitor progression of a de-
formity, this underscores the importance of following these
children in medical centers, which may not only define the
impact of treatment (both surgical and nonsurgical) but also
address all aspects of the treatment in the development of
children with these complex injuries.

An important limitation to this study is that selection
bias may have occurred, because children who underwent
secondary surgery may have had more limitations to
functional use of the upper limb than children who did not
undergo additional soft-tissue procedures. However, the
aim of our study was to observe the effect of these proce-
dures in children with persistent functional limitations.
Another limitation is the proportion of children who were
discharged after the 1-year follow-up timepoint (31 of 149
children; 21%). However, all children with insufficient
functional improvement during the first year were observed
at our center and only children with good functional results

Table 4. Preoperative and postoperative ROMof the shoulder in children with a release and tendon transposition in one stage (n = 68)

Release and tendon transfer in
one stage

Mean preoperative ROM (°)
(95% CI)

Mean increase in ROM 1 and 5 years
postoperatively (°) (95% CI)

Active external rotation -74 (4.1) 1 year: 75 (66-84a)

(in adduction) 5 years: 65 (50-79a)

Passive external rotation -10 (2.7) 1 year: 44 (38-51a)

(in adduction) 5 years: 38 (28-48a)

Active external rotation 2 (3.3) 1 year: 50 (43-57a)

(in abduction) 5 years: 40 (28-52a)

Passive external rotation 43 (2) 1 year: 32 (27-37a)

(in abduction) 5 years: 21 (13-29a)

Active 77 (5.8) 1 year: 44 (34-54a)

Abduction and elevation 5 years: 55 (39-72a)

Passive abduction 84 (1.3) 1 year: 5 (2-8a)

5 years: 2 (-2 to 6)

Mallet 3 (0.1) 1 year: 0.5 (0.3-0.7a)

Abduction 5 years: 0.6 (0.4-0.9a)

Mallet 1 (1.4) 1 year: 1.5 (1.2-1.9a)

External rotation 5 years: 1.1 (0.5-1.6a)

Mallet 3 (0.1) 1 year: 1.2 (1-1.4a)

Hand-to-head 5 years: 1.1 (0.8-1.4a)

Mallet 3 (0.1) 1 year: -0.5 (-0.7 to -0.3a)

Hand-to-back 5 years: -0.5 (-0.9 to -0.1b)

Mallet 3 (0.1) 1 year: 0.9 (0.7-1.1a)

Hand-to-mouth 5 years: 0.8 (0.5-1.1a)

ap < 0.001
bp < 0.05.
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were discharged for local follow-up after 1 year. These
children had equivalent or even better results and in case of
deterioration of function or other problems with the af-
fected arm, we emphasize that contact should be made.
However, if patients experienced deterioration over time,
they might have sought medical expertise at another center.

Children with limited passive external rotation but
sufficient strength of the external rotators or a high likeli-
hood of recovery of the external rotators (because they
were younger than 2 years) underwent only internal con-
tracture release as recommended by Gilbert [5] and Pearl
and Edgerton [16]. Soft-tissue release is occasionally per-
formed in older children with limited passive external ro-
tation but good strength of the external rotators (Medical
Research Council scale for Muscle Strength Grade 4).
Older children can follow instructions during clinical
examinations, and active external rotation can therefore be
measured more accurately then in younger children. Con-
sidering soft-tissue release techniques, there are different
methods of lengthening the tendon or treating a contrac-
ture. Posterior subscapularis release results in increased
global function [14]. However, releasing the subscapular
muscle from the ventral scapular blade results in early re-
currence of the internal rotation contracture, as found by us
and others [2]. Further, this procedure might compromise
the subscapular muscle [13]. Thus, we changed our policy
for correcting an internal rotation contracture. Without
affecting the muscle balance in the shoulder, by only re-
leasing the coracohumeral ligament and leaving the cora-
coid process and subscapular muscle intact, we achieved
similar results to a study that described subscapular release
[4], but this technique was inferior to techniques in which
the coracoid process was resected [2, 24]. This com-
promises internal rotation movement by the subscapular
muscle and might decrease action of the subscapular
muscle above the rotation of the shoulder and thus decrease
abduction and elevation [9, 25]. Furthermore, anterior
coracohumeral ligament release is associated with better
results in terms of passive and active external rotation in
adduction, active external rotation in abduction, active
abduction, elevation and anteflexion, and the domains of
external rotation and hand-to-neck on the Mallet scale than
posterior subscapular lengthening. Additionally, the per-
centage of external rotation contractures in this series (4%;
four of 112 patients) is far less than in other series, which
reported percentages of external rotation contractures of up
to 42% [2, 24]. A description of this technique has been
accepted for publication and will be available soon.

Our results show that this strategy led to durable im-
provement in passive and active external rotation and thus
overall functionality of the arm in only 20 of 24 patients,
and in 17 of 37 children, internal contracture release led to
an additional tendon transfer, after which immediate, rel-
evant, and durable functional improvement occurred. In

retrospect, this should have been an indication for internal
contracture release and tendon transfer in one stage. This
high percentage of failures invoked a change in treatment
strategy, and since 2001, we have only performed release
without a tendon transfer in patients with poor passive
external rotation (less than 20°) and if the child is younger
than 2 years.

Children with limited passive external rotation and
weakness of the external rotators who were treated with
internal contracture release combined with tendon transfer
showed improvement in passive and active external rota-
tion and in active abduction and elevation. This is because
of the position of the transferred muscles on the humeral
head. A more cranial and lateral position on the humeral
head will enhance not only external rotation but also ele-
vation and abduction of the arm. This enhances the force-
couple effect on the rotator cuff [17]. Furthermore, children
with Class I active external rotation had the largest increase
in passive and active abduction and in the domains of ab-
duction and hand-to-neck on the Mallet scale. The greater
increase in abduction could be explained by improvement
in external rotation after the release procedure, allowing for
greater arm abduction by clearing restrictions to ROM
because of soft-tissue contractures. This greater increase
could also be explained by the stabilizing effect of a cen-
trally positioned long biceps head [1, 22]. Additional im-
provement in shoulder abduction occurs after the
latissimus dorsi muscle is transferred to the greater
tuberculum of the humerus because the transfer enhances
the stabilizing effect of the rotator cuff, enabling the deltoid
to act more effectively.

The child’s age remains the subject of debate. Most
authors emphasize the importance of early tendon transfer
to hinder joint impairment (such as glenohumeral in-
congruence because of increased glenoid retroversion) [8,
25, 28]. Preoperative information about the glenohumeral
joint (for example, the posterior position of the humeral
head) might be a reason not to perform release without an
active motor (such as latissimus dorsi transfer). Although
the median age in our group was 4 years, younger children
also had surgery, which is in contrast to Pearl et al. [15] and
Phipps and Hoffer [17], who recommended delaying sur-
gery until the child is 3 or 4 years old to wait for further
spontaneous recovery. However, rebalancing the muscle
coupling at the shoulder level, even at a young age, is
important to prevent incongruence of the glenohumeral
joint [8, 10]. Thus, the degree of a functional and structural
deformity, not age, must guide the indication for surgery.

Young children with obstetric brachial plexus injuries
without spontaneous functional recovery of the shoulder
benefit from appropriate soft-tissue procedures according
to the presented treatment strategy. Improvement in active
and passive ROM was clinically relevant and sustained
during 5 years of follow-up. Our next step is to perform a
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study on glenohumeral deformities and how they affect our
treatment strategy and functional outcome.
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