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Introduction. Shoulder internal rotation contracture is the most common deformity affecting the shoulder in patients
with obstetric brachial plexus palsy because of the subsequent imbalance of the musculature and the abnormal
deforming forces that cause dysplasia of the glenohumeral joint.

Aim. To assess the effects of tendon transfers in children with shoulder internal rotation deformity due to obstetric
brachial plexus palsy.

Materials and methods. From 2015 to 2017, we examined and treated 15 patients with shoulder internal rotation
deformity caused by obstetric brachial plexus palsy. The children ranged in age from 4 to 17 years. We used
clinical and radiographic examination methods, including magnetic resonance imaging, electromyography, and
electroneuromyography, of the upper limbs.

Results. According to the level of plexus brachialis injury, the patients were divided into 3 groups: level C5-C6
(9 patients), level C5-C7 (5 children), level C5-Thl (1 patient). All children had secondary shoulder deformities:
glenohumeral dysplasia type II, 6 (40%); type III, 5 (34%); type IV, 1 (6%); and type V, 3 (20%). The Mallet score
was used for estimation of upper limb function. Surgical treatment was performed in 15 children. After treatment, all
patients showed improvement in activities of daily living.

Conclusion. Tendon transfers in patients with shoulder internal rotation deformities due to obstetric brachial plexus
palsy improved upper limb function and provided satisfactory cosmetic treatment results without of remodeling of the
glenohumeral joint.

Keywords: brachial plexus palsy; Erbs palsy; glenohumeral dysplasia; tendon transfers.

MCITOAb3OBAHUE CYXOXUABHO-MbIWEYHbBIX MAACTUK
NMPU AEMEHUU BHYTPUPOTALMOHHOW KOHTPAKTYPbI
NMAEYEBOIO CYCTABA Y AETEMN C MOCAEACTBUAMMU
POAOBOIO NMOBPEXAEHWS NMAEYEBOTO CITAETEHWA
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Beegenne. Bropiynble gedopManyy IjIie4eBOro cycTaBa — Hambosee 4acTasd ImpobjeMa y MAlMeHTOB C POJJOBBIMU
HoBpeXieHnAMN IutedeBoro crleteHys. Ilo manubiM A.F. Hoeksma et al. (2000), KOHTpaKTypBbl IIe4eBOrO CyCTaBa
dopmupyrores y 1/, meteit ¢ aKylmepcKuMu apanndaMi ¢ OTCPOYEHHBIM HEBPOJIOTMYECKUM BOCCTaHOBIeHMeM (Goree
3 Hepenb [OC/IE TPABMBI) U Y %/, MALMEHTOB ¢ HENOJHBIM BOCCTAHOB/IeHMeM. IIpy HaHHOM Buje TpaBMBbI Hambosnee
94acTO HabIIofaeTCss BHYTPUPOTALVIOHHAA KOHTPAKTYypa IUIEYEBOTO CYCTaBa, YTO OOYC/IOB/IEHO HAMCOATaHCOM MBIIII,
¢dbopMMpoBaHyeM [UCIVIA3UY IIEYEBOTO CYCTaBa.

Ienp — m3y4nThb pe3ynbTaThl CyXOXKVM/IbHO-MBIIIEYHBIX IVIACTMK IPU JIeYeHUN BHYTPUPOTAILMOHHON KOHTPAKTYPbI
I/IE4eBOTO CyCTaBa y JieTell C MOCTeNCTBUAMI POJNOBOIO IOBPEX/EHM IIIeIeBOTO CIIETeHNA.

Marepuanst u Metogsl. C 2015 mo 2017 r. HAXOAWINCH Ha OOCIENOBAHUM U JIeYeHNN 15 MaI[MeHTOB B BO3pacTe OT
4 no 17 neT ¢ BHYTPMPOTALMOHHOI KOHTPAKTYPOJ I/IEYeBOr0 CYCTaBa BCIENCTBME POJOBOIO MOBPEX[EHNUA IIjiede-
BOTO CIleTeHus. IIpoBommmn KInMHMYeCKoe, peHTreHonmorndeckoe, ¢pusuonorndeckoe uccnegosanve (OMI' u SHMI
BepXHMX KOHewyHOCTei1), MPT mleyeBBIX CycTaBOB.
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Pesynpratsl. [1o IpOTAKEHHOCTN MOBPEXEHNA IIEYE€BOTO CIIETEHM BBIAE/LAMN TPY I'PYIIBI HalMeHTOB: rpymma I
(ypoBennp C5-C6) — 9 uenosex, rpymmna II (yposerp C5-C7) — 5 uenosex u rpymma III (yposers C5-Thl) — 1 maun-
eHT. ¥ BCex IAI[MeHTOB BbIAB/ICHDI BTOpUYHbIe fedopMaium miedeBoro cycrasa: Il tuma mo Waters — y 6 maiyeHTOB
(40 %), III Tuna — y 5 6onbHBIX (34 %), IV tuna — y 1 pebenka (6 %) u V tnma — y 3 60mbHbIX (20 %). OyHKIMO-
HaJIbHble BO3MOXKHOCTY BepXHeil KOHeYHOCTM oleHuBanyu 1o mkame Mallet. IIpu II-III Tumax rieHoxyMmepaabHOI
myciviasuy QYHKIUA IUIEYeBOrO CyCTaBa OLGHMBAJIACh IPEVMYILIECTBEHHO KakK xopouwrasd, npu [V-V Tumax — kak
wioxas. OnepaTuBHOE jIe4eHMe ObIIO BBIIIOJHEHO 15 IaljeHTaM B JIByX OCHOBHBIX BapuaHTax. Ilocie mpoBeneHHOro
JIedeHVsI BO BCeX HAOMIONEHISIX YAYUYIINIOCh CaMOOOCTyXIBaHe TIAIIVIeHTOB.

3akmoueHne. BolomHeHNe CyXO>KMIbHO-MBIIIEYHOI IIACTUKY Y MAIJMeHTOB C BHYTPMPOTALMIOHHBIMY KOHTPaKTypa-
MU IIJIEYeBOTO CYCTaBa BCJIEACTBYE POJIOBOTO MOBPEXIEHNS IUIEUEBOTO CIUIETEHNS II03BO/IAET YIYYLINTh KOCMeTude-
CKWJT BUJL KOHEUHOCTH, a TaKkKe ee (YHKLMIO, OHAKO PeMOJENMPOBaHMA IIEUYeBOrO CycTaBa y HeTeil cTaplie 4 jer
He TIPOVICXOMINT.

KiroueBble cnmoBa: pojoBasi TpaBMa IIEYEBOrO CIUIETEHNs; ape3 Jp6a; IJIeHOXyMepanbHas AUCIUIASHT; CYXOXKUIbHO-

MBbIINICYHbIC TTTTACTUKU.

Introduction

The frequency of damage to the brachial plexus
during childbirth is approximately 0.4-4/1000 new-
borns [1-5]. About 70%-92% of patients have mild
injuries, which they spontaneously recover from
within 2 months after birth [4,5]. In the majority of
patients with damage to the upper trunk and partial
restoration of muscle strength in the first 2 months
of life, complete neurological recovery occurs within
1-2 years of life before the ability to overcome the
gravity of the limb. In cases where the function of
the biceps is restored after 3 months of age, the limb
rarely functions completely, without loss of muscle
strength or joint movement. Clinical manifestations
of injury to the brachial plexus during childbirth
correlate with the type and level of damage, as well
as the nature of treatment.

According to the classification given by Seddon
and Sunderland, five types of peripheral nerve
injuries are distinguished: neuropraxia (type I),
axonotmesis (types II-IV), and neurotmesis
(type V), or avulsion. In the case of preganglionic
avulsion, the motor function of the limb is never
restored, and this type of injury has a poor
prognosis. Narakas et al. classified all injuries of the
brachial plexus by length into four groups. Group I
(or Erb’s classic paresis) involves damage to C5-Cé.
Patients in this group make up 46% of all cases and
have a good prognosis for restoring limb function.
Group II involves damage to C5-C7 (30%). In
patients in this group, the recovery prognosis is
worse compared with group I. Group III is total
plexopathy clinically represented by a dangling
limb (20%). Group IV is total plexopathy in
combination with Horner’s syndrome [6].

If the brachial plexus is damaged at the level
of C5-C6, in 80% of patients, there is an almost
complete restoration of movement in the shoulder
and elbow joints. The results of treatment of patients
with trauma at the C5-C7 level are somewhat worse
than in the patients in group I; however, as a result
of rehabilitation, it is possible to achieve acceptable
limb function (spontaneous recovery was noted in
60% of patients). With total damage to the brachial
plexus (C5-Thl level), a severe lesion of the
extremity is observed, especially if the patient has
Horner’s syndrome, which is characterized by the
involvement of the sympathetic nervous system and
possibly nerve damage by avulsion [7].

Secondary deformities of the shoulder joint are
the most common problem in patients with birth
brachial plexus injuries. According to Hoeksma
et al. (2000), shoulder joint contractures are formed
in one-third of children with obstetric paralysis
with delayed neurological recovery (more than
3 weeks after injury) and in two-thirds of patients
with incomplete recovery [8]. In this type of injury,
the intrarotation contracture of the shoulder joint is
most common, which is combined with pronation
contracture of the forearm, with varying degrees of
manifestation [9, 10]. In patients with severe birth
trauma of the brachial plexus, who do not achieve
spontaneous recovery, in one-third of the cases,
removal of the intrarotation contracture of the
shoulder joint is required [11].

The methods of surgical treatment of this
pathology described in the literature can be divided
into the following five groups:

1) Muscular grafting and muscle release aimed
at restoring the muscular balance between the
external and internal shoulder rotators.
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2) Restoration of anatomical relationships in the
shoulder joint by performing different variants
of osteotomy of the scapula and clavicle and
repositioning of the humeral head.

3) Elimination of the vicious position of the limb
without changing the ratio in the shoulder joint
(de-rotation osteotomy of the humerus).

4) Muscular grafting in combination with de-
rotation osteotomy of the humerus.

5) Muscular grafting in combination with
osteotomy of the scapula [2, 6, 11-16].

In the case of fixed intrarotation contractures
of the shoulder, Muhlig et al. (2001) recommend
adhering to the following treatment algorithm:

1) Surgical treatment is indicated with passive
external rotation less than 30°.

2) In the absence of posterior displacement of the
humeral head, it is necessary to perform release
of the subscapularis (the so-called slide).

3) In the case of posterior displacement of the
humeral head, elongation of the subscapularis
from the anterior approach is indicated, in
combination with resection of the coracoid
process of the scapula in the case of its
elongation.

4) If, in the case of elongation of the subscapularis,
there is a relapse of the intrarotation contracture,
this intervention must be supplemented by
transposition of the muscles to create active
external rotation of the shoulder.

5) In the absence of signs of re-innervation of the
infraspinatus muscle in children aged 2 years
or older, elongation of the subscapularis with
simultaneous restoration of active external
rotation of the shoulder is indicated by muscle
transplantation.

6) With fixed intrarotation contractures in the
shoulder joint, in combination with posterior
shoulder dislocation and deformity of the
glenoid, elongation of the subscapularis in
combination with de-rotation osteotomy of the
humerus is indicated [13].

According to Waters and Bae (2005), tendinous
muscular grafting (transposition of the broadest
muscle of the back and the teres major to the
external shoulder rotators with or without
simultaneous elongation of the muscles) enables
significant improvement of the function of the
shoulder joint and impedes the progression of
dysplasia of the shoulder joint; however, the joint

is not remodeled, even if surgery is performed in
a patient at an early age [12]. Dodwell et al. (2012)
recommend osteotomy of the neck of the scapula
with installation of an autograft from the scapular
spine or the acromion, in conjunction with sliding
of the subscapularis and transpositioning of the
broadest muscle of the back and the teres major to
the external shoulder rotators [16]. This surgery,
in most cases, enables changing of the position
of the articular surface of the scapula in space
without remodeling its joint surface. De-rotation
osteotomy of the humerus only leads the limb to
a more functional position, but it does not change
the condition of the shoulder joint. According to
Dodwell et al. (2012), de-rotation osteotomy of
the humerus leads to further retroversion of the
glenoid and progression of posterior displacement
of the humeral head and is therefore indicated
only in older children with severe dysplasia of the
shoulder joint [16]. Progression of humeral head
displacement, caused by the abnormal position
and shape of the scapula and clavicle, requires
a different correction. In the presence of hypoplasia,
high position and rotation of the scapula (the so-
called scapular hypoplasia, elevation, and rotation
deformity), it is necessary to perform internal
rotation of the acromion, osteotomy of the clavicle,
resection of the upper-median scapula margin, and
posterior capsulorrhaphia [11, 17].

A review of the literature demonstrates a lack
of a unified therapeutic approach to intrarotation
contracture of the shoulder joint in children because
of a birth injury of the brachial plexus, which makes
our research topic relevant.

This study analyzed the results of tendinous
muscular grafting in treatment of intrarotation
contracture of the shoulder joint in children because
of a birth injury of the brachial plexus.

Material and methods

During 2015 to 2017, 15 pediatric patients
aged 4 to 17 years (mean age: 11.4 £ 1.51 years)
with intrarotation contracture of the shoulder joint
because of a birth injury of the brachial plexus
were examined and treated; seven of them were
boys, and eight were girls. A right-sided lesion was
noted in eight cases and a left-sided lesion in seven
cases. Clinical, neurological, and radiologic studies
(including computed tomography [CT] and magnetic
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resonance imaging (MRI) of the shoulder joint) and
physiological examination (electromyography and
electroneuromyography of the upper extremities)
were performed. The location of the glenoid was
assessed by the method of Friedman et al. (1992),
and the position of the humeral head was evaluated
by the method of Waters et al. (1998) [18, 19].
The degree of dysplasia of the shoulder joint was
determined on the basis of criteria proposed by
Waters et al. (1998) [19]. All patients and/or their legal
representatives voluntarily signed informed consent
to participate in the study and to allow us to perform
surgical intervention and publish personal data.

Results

In terms of the extent of damage to the brachial
plexus (according to electroneuromyography and
clinical and neurological examination), we divided
the patients into three groups: group I (C5-C6 level,
or classical Erb’s paresis) included nine patients,
group II (C5-C7 level, extensive variant of Erb’s
paresis) included five patients, and group III
(C5-Thl level, total plexopathy) included one
patient. All patients received conservative treatment
from the first day of life, and neurosurgical surgeries
were not performed in any case.

When assessing the degree of dysplasia of the
shoulder joint by CT and MRI, we found that in
children under the age of 12 years, there were mainly
minor changes in the glenoid, without a change in
the position of the humeral head. However, patients
aged 13-17 years had marked changes in the
glenoid, in combination with changes in the position

a b

of the humeral head (Waters types IV-V dysplasia).
Waters type II dysplasia was found in six patients
(40%), type III was noted in five patients (34%),
type IV was seen in one patient (6%), and type V
was registered in three patients (20%). Glenoid
retroversion amounted to 14.33 + 2.72.

In clinical studies, we noted the intrarotation
position of the upper limb, a marked restriction
(no more than 20°) or complete absence of external
rotation of the shoulder and impossibility of placing
the arm behind the head. When the patient attempted
to raise a hand to the mouth, we observed shoulder
abduction (the so-called trumpeter symptom), which
was due to a pathological co-contraction between
the biceps and the deltoid muscle (Figure 1). Internal
rotation of the shoulder joint was more often
preserved, less often restricted (mainly in Waters
types IV-V dysplasia). Functionality of the upper
limb was assessed on the Mallet scale. In Waters
types II-1II dysplasia, despite the vicious position
of the limb, the function of the shoulder joint
was assessed mainly as good (9-11 points); with
Waters types IV-V dysplasia, the joint’s function
was assessed as poor (7-8 points). Adduction
intrarotation contracture in the shoulder joint was
noted in five patients, whereas isolated intrarotation
contracture was revealed in ten patients.

Surgical treatment was performed in 15 patients
in two main variants. In the case of passive or
the absence of active external rotation of the
shoulder joint, the broadest muscle of the back was
transposed to the external shoulder rotators (four
patients). When passive correction of the shoulder
to the middle position was impossible, release of

Fig. 1. Adduction intrarotation contracture of the right shoulder joint in patient B, 17 years old, because of a birth injury
of the brachial plexus before treatment: (a) appearance of the patient, (b) abduction in the shoulder joints, (c) positive
trumpeter symptom on the right, and (d) CT of shoulder joints
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Fig. 2. Result of eliminating intrarotation contracture of the left shoulder joint in patient B, 12 years old, because of
a birth injury of the brachial plexus before treatment: (a-c) before surgery and (d-h) after surgery (transposition of the
broadest muscle of the back to the outer shoulder rotators and dissection of the coracohumeral ligament)

the subscapularis (slide) was performed together
with transposition of the broadest muscle of the
back to the external shoulder rotators. In cases
where there was tension in the musculus pectoralis
major and restriction of abduction in the shoulder
joint, tenotomy was performed. In the postoperative
period, the limb was immobilized with a plaster cast
with a thoracobrachial bandage for 5 weeks. At the
end of immobilization, restorative treatment was
prescribed to the patients, which included exercise
therapy, massage, mechanotherapy, and muscle
electrostimulation.

The patients’ follow-up period was from
2 months to 1 year after surgery. In all cases, it
was possible to eliminate the vicious position of the
limb and improve limb functionality for all types of
glenohumeral dysplasia by an average of 2 points on
the Mallet scale. The trumpeter symptom was less
pronounced when the patients tried to raise a hand to
the mouth (Figure 2). Transposition of the broadest
muscle of the back to the external shoulder rotators
led to improvement of external rotation without
worsening internal rotation of the shoulder joint. In
the same cases, when the subscapularis was released,

b

Fig. 3. Results of a CT examination of patient M, 12 years old, with a birth injury of the brachial plexus with intratational
contracture of the right shoulder joint: (a) before surgery and (b) 3 months after surgery
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the restriction of internal rotation of the shoulder
joint was noted, which required a more prolonged
restorative treatment to achieve postoperative values.

The correlation between the degree of gleno-
humeral dysplasia and the results of treatment was
revealed: at Waters type II dysplasia after surgery,
limb functionalities improved by 3-5 points;
at type III, they improved by 2-4 points; and
at types IV-V, they improved by 1-2 points. In
patients with adduction intrarotation contracture
after surgery, improvement in abduction in the
shoulder joint was noted in all cases. Examination
revealed that the ratios in the shoulder joint
improved or remained unchanged; however, there
was no remodeling of the joint surfaces (Figure 3).

Discussion

Intrarotation contracture of the shoulder joint
is one of the most frequent secondary deformities
because of a birth injury of the brachial plexus
and results in severe restriction or impossibility of
performing basic self-care actions: using the hand
while eating, combing hair, dressing, washing, etc.
The cause of intrarotation contracture is shortening of
the subscapularis because of disruption of its growth
caused by loss of cyclic stretching due to paralysis of
external shoulder rotators. The intrarotation position
of the limb leads to displacement of the head of the
humerus posteriorly, and movement in the joint
deteriorates. In the absence of treatment in children
with a birth injury of the brachial plexus, severe
anatomical changes in the head of the humerus and
scapula occur with age. The loss of passive external
rotation of the shoulder joint indicates posterior
dislocation of the humeral head [5, 14]. At that, the
first changes in the shoulder joint are found at the
age of 3-5 months, whereas the expressed ones are
revealed already at the second or third year of life.
Primary deformities of the shoulder joint are due
to imbalance of the muscles of the shoulder girdle
caused by paralysis of the external rotators and
abductor muscles of the shoulder, in combination
with relative hyperactivity of the internal rotators
and adductor muscles of the shoulder because
of neurological disorders [20-22]. In the future,
secondary deformities are formed, including
progression of retroversion of the glenoid, thinning
or absence of the posterior edge of the glenoid,
posterior subluxation or dislocation of the humeral

head, hypoplasia of the scapula, flattening or absence
of the glenoid cavity of the scapula, retrodeviation
and an increase in the size of the coracoid process
of the scapula, acromion deformity, deformity and
hypoplasia of the humeral head, delay in ossification
of the proximal humerus, and shortening of the
clavicle on the side of the lesion [5, 21, 23]. The
humeral head eventually turns into a retroversion
position, which was described by both E.A. Zancolli
and E.E. Zancolli (2000) as posterior epiphysiolysis
of the humeral head [24]. The vicious position of
the humeral head rises for the second time, rotates
the scapula, and lengthens the acromion, which
leads to severe functional disorders in the shoulder
joint [11]. According to Pearl and Edgerton (1998),
in 70% of patients with intrarotation contracture,
dysplasia of the shoulder joint occurs [25].
Our examination of 15 children with a birth injury
of the brachial plexus and intrarotation contracture
in the shoulder joint revealed that children aged
12 years and older develop severe anatomical changes
in the shoulder joint with the occurrence of Waters
types IV-V dysplasia. Due to the implementation
of tendinous muscular grafting in patients with
intrarotation contracture in the shoulder joint, caused
by a birth injury of the brachial plexus, it is possible
to eliminate the vicious position of the limb and
improve the possibility of self-service by patients.

Conclusions

Tendon and muscle grafting in patients with
intrarotational contracture in the shoulder joint
because of intranatal damage to the brachial plexus
enables elimination of the vicious position of the
limb and improvement of the possibility of self-
service without significant loss of internal rotation.
These interventions improve the ratio in the
shoulder joint; however, no joint remodeling occurs
in children over 4 years. In the same cases, when
these surgeries do not provide a proper result, the
second stage should be performed as a de-rotation
osteotomy of the humerus.
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