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ABSTRACT

Objective: Elbow extension deficit following brachial plexus
injuries can sometimes be overlooked. Elbow flexion deficit is
more prominent in the early stages of obstetric paralysis and is
used as an indication for early nerve surgery. However, in the
future extension deficits may become more numerous.

Residual disabilities following obstetric paralyses can be dynam-
ically addressed by tendon transfers. In patients with obstetric
paralysis, canonical donor muscles such as the deltoid or biceps
may be insufficient for restoration of elbow extension. The bra-
chialis muscle, because of its deep and secluded position, may
be considered as one of the more recent options for selection as
a donor in these patient groups.

In this study, the efficiency of brachialis to triceps transfer both in
elbow extension and in shoulder abduction was assessed.

Materials and Methods: Seven obstetrical palsy patients with
varying degrees of sequelae around the shoulder and elbow un-
derwent a brachialis to triceps transfer procedure. All patients
had previously undergone a modified Hoffer procedure. Ranges
of motion in shoulder and elbow joints were recorded before
and after the transfer. A minimum of M3+ in elbow flexion was
set as a prerequisite for the transfer.

OZET

Amag: Brakiyal pleksus yaralanmalari sonrasi dirsek ekstansiyonu
sorunlari genellikle 6n planda tutulmaz. Obstetrik paralizinin er-
ken evrelerinde dirsek fleksiyon kusurlar 6n plandadir ve erken
dénem sinir cerrahisi endikasyonu icin klinik bir belirte¢ olarak
kullanilir. Yillar gectikge fleksiyon islevinin geri kazanimiyla birlik-
te dirsekte ekstansiyon kayiplari &n plana ¢ikabilir.

Tendon transferleri obstetrik paralizi sekellerinin ge¢ dénem di-
namik rekonstriiktif tedavi secenekleri arasinda yer almaktadir.
Obstetrik paralizili hastalarda deltoid ve biseps gibi klasik do-
norlerin gugleri dirsek ekstansiyonunu saglamaya yetmeyebilir.

Brakiyalis kasi, kolda derin yerlesimiyle gizli bir alternatif olabilir.

Bu calismada dirsek ekstansiyon kusuru sekeli bulunan obstetrik
paralizi hastalarinda brakiyalis triseps tendon transferinin dirsek
ekstansiyonu ve omuz ekstansiyonu tzerine etkileri incelenmistir.

Gereg ve Yontem: Calismaya dirsek ve omuz eklemleri cevre-
sinde sekelleri bulunan ve bu amacla brakiyalis triseps tendon
transferi uygulanmis yedi obstetrik paralizi hastasi dahil edilmistir.
Tdm hastalara daha éncesinde modifiye Hoffer prosediri uygu-
lanmisti. Hastalarda omuz ve dirsek aktif ve pasif eklem hareket
acikliklar gonyometrik olarak analiz edildi. Brakiyalis transferi, mi-
nimum dirsek fleksiyon giicti M3+ olan hastalara uyguland.
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Results: The elbow extension was improved from a median of
-70° (interquertile range, IQR: 20°) to a median of -10° (IQR: 35°)
in the follow-up (p<0.05). Shoulder abduction was improved
from a median of 140° (IQR: 5°) to a median of 170° (IQR: 15°)
(p<0.05). Elbow flexion power was found to be diminished
from median M4 (Q1: M3+, Q3: M5) to M3 (Q1: M3, Q3: M3+)
(p<0.05).

Conclusions: Brachialis to triceps transfer was found to be a suit-
able alternative in palliative surgery of obstetric palsy patients
in terms of elbow extension. Loss of elbow flexion power was
within acceptable range.

Keywords: Tendon transfer, obstetric paralysis, elbow joint,
shoulder joint

Bulgular: Dirsek ekstansiyonu ameliyat dncesi ortanca -70°
(interkuartil acikhk, IQR: 10°)'den ameliyat sonrasi izlemde or-
tanca -10° (IQR: 35°)'ye ¢ikmistir (p<0,05). Omuz abduksiyonu
ise ameliyat dncesi ortanca 140° (IQR: 5°)'den ameliyat sonra-
si izlemde ortanca 170° (IQR: 15°)'ye ¢cikmistir (p<0,05). Dirsek
fleksiyonu ise ameliyat &ncesi ortanca M4 (IQR: M3+, M5)'den,
ameliyat sonrasi ortanca M3 (IQR: M3, M3+)'e gerilemistir
(p<0,05).

Sonug: Brakiyalis triseps transferi obstetrik paralizi sekeli bulu-
nan olgularda dirsek ekstansiyonunu saglamak icin gegerli bir
secenek olarak ortaya konmustur. Bununla birlikte dirsek fleksi-
yonunda istatistiki olarak anlamli bir kayip gézlenmektedir. Bu
kayip klinik olarak kabul edilebilir diizeylerdedir.

Anahtar Kelimeler: Tendon transferi, obstetrik paralizi, dirsek
eklemi, omuz eklemi

INTRODUCTION

Functional recovery of the affected limb is the main goal
in the treatment of neonatal or obstetric brachial plexus
palsy. The term obstetric palsy refers to a clinical condi-
tion proposed to result from an antenatal injury to imma-
ture brachial plexus including nerve roots, and/or their
branches. Although rare (0.06 to 0.26%), the disease is
known to cause significant morbidity in the affected pop-
ulation. At least 10 to 30 percent of cases do not achieve
complete recovery (1-3, 4).

Various options for treatment of obstetric plexus lesions
are available, ranging from hand therapy, direct and indi-
rect neural repair, and surgical interventions addressing
the sequelae of the primary lesion which include perma-
nent loss of muscle strength, joint, ligamentous, or bone
abnormalities (5).

In the natural course of the disease, many infants show
excellent recovery with a full active range of motion in
all joints. Some end up with little to moderate disabili-
ty, predominantly in the upper roots. In rare examples, a
devastating flaccid limb with marked disability can be the
outcome (4, 6).

The wide range of severity level in disease presentation
is further complicated by the diversity of affected muscle
groups and age of the patient at presentation. However,
some patterns are more prominent in older age groups -
such as lack of shoulder abduction (6). The age and prob-
lem-based clinical approach to an obstetrical brachial
plexus injury patient in our institution is schematized in
detail in Figure 1.

The importance of elbow extension following traumatic or
obstetric injuries of the brachial plexus is at times under-
stated and has been studied less than elbow flexion (7).
The most probable explanation for this may be the con-
tribution of gravity to passive extension of the elbows in

the standing position. However, when the shoulder is ab-
ducted, raising the hand over the head requires a certain
extent of elbow extensionto assure joint stabilization (8).

As most patients with paralytic plexus injury sequelae
present with weakness in elbow flexion, a flexion contrac-
ture may be seen as a paradoxical outcome (9). Howev-
er, restoration of elbow extension is an integral part of
upper extremity surgical reconstructions. Improvements
in completing daily activities such as lowering an object
from above, handwriting, steering a wheelchair, driving a
car and swimming depend on restoration of elbow exten-
sion function (10).

An elbow flexion contracture can be addressed by
z-lengthening of the biceps tendon, release of lacertus
fibrosus, and brachialis, as well as joint capsule (9). Some
reconstructive options previously put forth for elbow
extension have stood the effects of time. Examples are
transfer of the posterior head of deltoid muscle to triceps
(Moberg procedure), and transfer of the biceps to triceps
(Friedenberg procedure) (11, 12). However, if those mo-
tors are also paralyzed (as is the case with most obstetric
paralysis patients), alternative methods of elbow exten-
sion restoration become more important (8). However,
literature is scarce on this subject (13). Some newer ap-
proaches, like the transpositional transfer of brachiora-
dialis to triceps (14), and more recently, transfer of lower
trapezius for elbow extension have been suggested (13).

Transfers of the brachialis muscle, with its fairly consistent
anatomic location deep in the arm may have some ad-
vantages, such as sparing other muscles for further trans-
fers with less morbidity (13, 15).

In their cross-sectional study of patients with various el-
bow problems, Chuang et al. included 10 patients who
had been treated with a brachialis to triceps tendon
transfer, and four more who had been treated with trans-
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Figure 1: Clinical decision-making progress regarding obstetric brachial plexus palsy patients in our institution

*: A score of four less in the muscle grading system of the Hospital for Sick Children. Lack of elbow flexion against gravity.
**: Partial ulnar nerve transfer to musculocutanous nerve. “men”, musculocutanous nerve.

fer of both biceps and brachialis (16). However, half of
those patients (in both approaches) needed a secondary
free vascularized muscle transfer for restoration of elbow
flexion (16).

In this study, to restore elbow extension, a brachialis to
triceps tendon transfer was performed in seven cases with
obstetrical palsy sequelae that had abduction and exter-
nal rotation deficit in their shoulders and extension deficit
in their elbows. All of the patients had previously under-
gone a latissimus dorsi and teres major transfer to address
the deficit in shoulder abduction and external rotation.

MATERIALS AND METHODS

This retrospective case study was approved by Istanbul
University, Istanbul Medical Faculty, Ethical Commit-
tee for Clinical Research, filed with date and number:
30.11.2021-613417.

This study was conducted in a retrospective fashion. The
authors declare that the operative techniques used are

scientifically proven and just. The authors also declare
that they have read the World Medical Association’s Dec-
laration of Helsinki (1964) including its 6™ revision (2008)
and that this study follows the declaration.

Seven global obstetrical palsy patients with varying de-
grees of sequelae around shoulder and elbow underwent
a brachialis to triceps transfer procedure in our clinic over
a two-year period were included. The median age at the
time of operation was 6 years, IQR: 10 (min/max, 5/16). All
the patients had previously undergone a latissimus dorsi
and teres major to greater tubercle of the humerus trans-
fer to improve the shoulder abduction and external ro-
tation with a lapse of two years. Lack of elbow extension
against gravity was the indication for the transfer.

Preoperative and postoperative assessments

Active ranges of motion in shoulder and elbow joints, as
well as passive ranges of motion in the affected joints (to
omit established contractures) were recorded with gonio-
metric analyses by the physiotherapy team in the presence
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of the surgical team before the brachialis transfer (after
the latissimus dorsi/teres major transfer). The motor ca-
pacity of the brachialis muscle was graded according to
the British Medical Council (BMC) muscle grading system
with modifications made by Terzis et al. (17). A minimum
of M3+ in elbow flexion was set as a prerequisite for the
transfer.

Active ranges of motion in the joints were assessed with
goniometric analyses by the physiotherapeutic team in
the presence of the surgical team. Elbow flexion capacity
was assessed according to the BMC grading system to
note the extent of loss after the transfer.

Surgical technique

The brachialis muscle was dissected through an anterior el-
bow crease incision preserving the biceps tendon. A care-
ful dissection should be carried out from there on; as medi-
al to the tendon lies the median nerve and brachial artery
and lateral to the tendon lies the radial nerve. The distal 1/3
of the brachialis muscle was dissected free after detach-
ment from its insertion at the ulnar bone and transferred
posteriorly and laterally to the olecranon area through a
subcutaneous tunnel. Another incision was made dorsally
at the olecranon area to dissect the distal portion of the tri-
ceps tendon. The transferred brachialis muscle tendon was
interwoven to the triceps tendon in an end-to-side fashion.

After closure, cast immobilization was applied while the
elbow was fully extended. After the operation and a four
week period of cast immobilization, physical therapy was
initiated with an isolated passive range of motion exer-
cises and splinting until the sixth week. Re-education
exercises and electrical stimulation were started at the
sixth postoperative week, gentle resistive exercises were
initiated between the 8" and 12" weeks and resistive ex-
ercises were begun at the 12 week (Figures 2, 3).

Figure 2: A sufficient excursion of the brachialis muscle is
assured before transfer of the muscle laterally and
posteriorly to the olecranon region

Figure 3: A posterior incision is made above olecranon
to visualize the insertion of the triceps tendon. Brachialis
tendonis deliveredtothisincision through a subcutaneous
tunnel

Statistical analyses

Statistical analyses were performed using SPSS v. 18.0
(IBM Corp., Armonk, NY, USA). The quantitative assess-
ment of the acquired data was made via descriptive
statistics. The changes in elbow extension, shoulder ab-
duction or elbow flexion with surgical intervention were
tested by Wilcoxon signed-rank test with a p-value ad-
justed at 0.05.

RESULTS

Median follow-up was 12 months, IQR: 17 (min/max, 6/23
months). The elbow extension improved from a median
of -70°, IQR: 20° (min/max, -90°/-40°; here 0° means full
elbow extension while minus degrees dictate extension
deficit) to a median of -10° IQR: 35° (min/max, -40°/0°).
The improvement in elbow extension was found to be
statistically significant (p<0.05). Shoulder abduction was
improved significantly (p<0.05) from a median of 140°
IQR: 5° (min/max, 135°/150°) to a median of 170° IQR: 15°
(min/max, 165°/180°) (Figure 4).

Elbow flexion power was found to be diminished from a
median M4 (interquartile range, M3+ to M5, BMC grad-
ing) to a median M3 (interquartile range, M3 to M3+).
This downgrading was found to be statistically significant
(p<0.05). Hand to mouth activity was preserved. The re-
sults are summarized in Table 1.

DISCUSSION

Since elbow extension is mostly performed passively
in daily life and is of secondary importance when com-
pared to elbow flexion, muscle transfer to triceps is not
commonly mentioned in the obstetrical palsy literature.
The methods to achieve improved elbow extension in
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Figure 4: After a brachialis to triceps transfer this patient could achieve an adequate elbow extension and

shoulder abduction.

Table 1: Preoperative and postoperative evaluation of the patients that underwent a brachialis to triceps procedure

are presented

Patients Age Previous Follow-up, Preop Postop Preop Postop Preop Postop
surgery  months active active active active active  active
elbow elbow shoulder shoulder elbow elbow
extension extension abduction abduction flexion flexion
) ()
1 6 Yes* 12 -80 -40 140 170 M4 M3+
2 5 Yes** 12 -70 -10 135 160 M5 M4
3 6 Yes* 23 -90 0 145 185 M3+ M3
4 5 Yes* 23 -60 -10 140 175 M3 M3-
5 16 Yes* 6 -70 -35 150 180 M4 M3
6 6 Yes* 23 -40 0 140 170 M5 M3
7 15 Yes* 6 -70 -8 140 165 M4 M3+
Median 8.4 15 -70 -10 140 170 M4 M3
P 0.018 0.017 0.016

*: A modified Hoffer procedure to improve shoulder abduction, **: A modified Hoffer procedure to improve shoulder abduction followed
by two Botulinum toxin A injections to subscapularis muscle to improve shoulder external rotation, ***: Wilcoxon Signed Rank Test was

used to test the significance of postoperative changes of median values.

patients with obstetric palsy include traditional tendon
transfers such as biceps, latissimus dorsi, and posterior
deltoid to triceps transfers, free gracilis muscle transfer,
biceps/brachialis transfer and lower trapezius transfer
(12, 13, 16, 18, 19). Brachioradialis muscle transfer was
also popularized by our team a while ago, but we prefer
to preserve this muscle for future pronatoplasty opera-
tions (14).

Utilization of brachialis muscle for transfers around the el-
bow was first suggested by Chuang, however it was Ber-
telli who introduced this transfer for elbow extension in
a more organized manner (16, 20). The rationale behind

using brachialis over biceps was the risk of losing elbow
flexion power. This particular risk is also present with a
brachialis transfer. In our group of patients, there was
minimal donor site morbidity both from a functional and
a cosmetic point of view. Elbow flexion power diminished
significantly (a downgrade from a median M4 to a me-
dian M3) but since biceps tendon was preserved, hand
to mouth function was not grossly affected. This may
occur as a surprising outcome as the brachialis muscle
has a slightly greater physiological cross-sectional area
(PCSA) than biceps brachii (5.4 cm? and 5.1 cm?, respec-
tively). However, isometric moment-generating capacity,
which is a function of not only PCSA, but also of average

189




~ Brachialis to triceps transfer for obstetric paralysis sequelae
Istanbul Tip Fakiltesi Dergisi  J Ist Faculty Med 2022;85(2):185-91

moment arm and pennation angle is greater for biceps
brachii than that for brachialis muscle, excluding the ex-
tremes of elbow flexion angles (21). Additionally, an an-
atomic study conducted by Leonello et al. ensured that
brachialis muscle constantly has two separate muscle
bellies that may enable a partial transfer (15). By doing so,
the risk of losing elbow flexion power may be minimized.
Another option for restoration of elbow extension may
be distant transfers such as a free gracilis transfer (18). A
rather lengthy operative time and adding a considerable
technical difficulty, these transfers are mainly suitable
for recently paralyzed muscles such as traumatic brachi-
al plexus injuries or early obstetric paralyses. However,
some patients (as was the case for patients in this study)
are late referrals with obstetric paralyses. With their con-
siderable denervation time, a distant transfer may not be
suitable without extraplexal neurotisations, which in turn
may result in the loss of precious time before physiother-
apy, especially if multiple transfers have been made.

Restoration of shoulder abduction with transfer of latis-
simus dorsi and teres major has proven successful in our
clinic (22). Nevertheless, the lack of elbow extension be-
comes more obvious after this transfer although shoulder
abduction and extension are improved dramatically. Re-
alizing that when an "elbow extension splint” is applied,
an improvement in shoulder abduction can be achieved,
we decided to perform a tendon transfer to mimic the
effects of the splint. Anatomically and physiologically,
elbow extension did not augment shoulder abduction.
However, it was observed that when a splint extended
the elbow, the shoulder abduction was higher. This might
be due to better stabilization of the elbow joint. The child
may have the opportunity to concentrate solely on the
shoulder during abduction (This statement was made
by Michael Tonkin during the Asia Pacific Hand Society
Meeting at Taiwan 2009) (Figure 5).

Utilization of brachialis muscle for various purposes in the
upper extremity is a new concept. Not surprisingly, the
first attempts to use this rather secluded and powerful
muscle, were made to restore elbow extension (16, 20).
Chuang et al. reported their results with the transfer of
the muscle instead of just releasing it to counteract the
powerful elbow flexors in favor of extension, which is not
emphasized enough (16). Bertelli, however, carried the
concept onwards, describing the technique in detail (20).
Our clinic took the next step in utilizing this muscle for
various purposes in upper extremity palsies with prom-
ising results.

Apart from having been designed in a retrospective fash-
ion, this study has certain limitations, for example,it lacks
preoperative and postoperative qualitative measures
such as quality of life scores, and functional scores such
as the Hospital for Sick Children Scale. Another short-

il
Figure 5: Shoulder abduction and elbow extension were
both improved markedly after the triceps transfer. Note
that no additional interventions were made for shoulder
abduction.

coming may be the lack of electromyographic studies
and having a rather small group of patients. Additionally,
to obtain solid evidence on the advantage of this tech-
nique compared to the alternatives, a comparative study
should be conducted to include alternative methods
for elbow extension restoration. Statistical differences
among these methods in respect to gains in elbow ex-
tension as well as loss in elbow flexion or other donor
morbidities should be tested.

CONCLUSION

In selected cases of obstetrical brachial plexus palsy, bra-
chialis tendon transfer to triceps tendon is a promising
alternative for restoration of elbow extension, if not, pro-
viding elbow stability, which in turn facilitates shoulder
abduction.

Informed Consent: Written consent was obtained from the par-
ticipants.

Ethics Committee Approval: This study was approved by the
Clinical Research Ethical Committee of the Istanbul University,
Istanbul Faculty of Medicine (Date: 30.11.2021, No: 613417)
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