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Objective: Description of a new surgical technique for treating the shoulders of patients

with  sequelae of obstetric paralysis. Preliminary analysis on the results obtained from this

technique.

Methods: Five consecutive patients underwent the proposed surgical procedure, consisting

of  arthroscopic anterior joint release followed by transfer of the latissimus dorsi tendon

(elongated and reinforced with a homologous tendon graft) to the posterosuperior portion

of  the greater tubercle, using a single deltopectoral approach. All the patients were reeval-

uated after a minimum postoperative period of twelve months. The functional assessment

was based on the range of motion and the modified Mallet classification system. Statistical

analyses were not possible because of the small sample.

Results: Overall, passive and active lateral rotations increased, while medial rotation

decreased. The other movements (elevation, capacity to place a hand in the mouth and

capacity to place a hand behind the neck) had less consistent evolution. The mean modified

Mallet score improved by 4.2 points (from 11.4 to 15.6).

Conclusion: The latissimus dorsi tendon can be transferred to the posterosuperior portion of

the  greater tubercle through a single deltopectoral approach when elongated and reinforced

with  a homologous tendinous graft.
© 2015 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
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Paralisia  obstétrica:  liberação  artroscópica  anterior  do  ombro  e
transferência  do  grande  dorsal  com  enxerto  homólogo

Palavras-chave:

Paralisia obstétrica

Neuropatias do plexo braquial

Transferência tendinosa

Transplante

Homólogo

Ombro

Artroscopia

r  e  s  u  m  o

Objetivos: Descrição de uma nova técnica cirúrgica para o tratamento de ombro de pacientes

com  sequela de paralisia obstétrica. Análise preliminar dos resultados obtidos com essa

técnica.

Métodos: Cinco pacientes consecutivos foram submetidos ao tratamento cirúrgico proposto,

que envolve a liberação articular anterior por via artroscópica, seguida da transferência do

tendão do músculo grande dorsal (alongado e reforçado com enxerto tendíneo homólogo)

para a porção póstero-superior do tubérculo maior, com o uso de uma única via delto-

peitoral. Todos foram reavaliados após um período pós-operatório mínimo de 12 meses. A

avaliação  da função baseou-se na amplitude de movimento e na classificação modificada

de  Mallet. A pequena casuística não permitiu análises estatísticas.

Resultados: De forma geral, as rotações laterais passiva e ativa melhoraram, enquanto a

rotação  medial piorou. Os outros movimentos (elevação, capacidade de colocação da mão

na  boca e capacidade de colocação da mão na nuca) tiveram evolução menos consistente.

A  média do escore de Mallet modificado melhorou 4,2 pontos (de 11,4 para 15,6).

Conclusão: O tendão do músculo grande dorsal pode ser transferido para a porção póstero-

superior do tubérculo maior por meio de uma única via delto-peitoral, quando alongado e

reforçado com enxerto tendíneo homólogo.

© 2015 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier

Editora Ltda. Todos os direitos reservados.
Introduction

Most patients with obstetrical brachial plexus palsy (OBPP)
sequelae develop spontaneous, complete or nearly complete
improvement of shoulder function.1–5 However, in those with
incomplete recovery, medial rotation shoulder contracture is
one of the most common sequelae,4,6–9 due to muscle imbal-
ance secondary to plexus injury (with a predominance of
medial rotators over lateral rotators). This sequela occurs early
and can be found in advanced stages in patients as young as 2
years.1,3–6,8–13 If left untreated, it can lead to a very debilitating
joint deformity to the shoulder function.6,11

In 1918, Sever14 proposed and described the release of
the pectoralis major and subscapularis. L’Episcopo, in 1934
and again in 1939,15,16 observing the tendency of recurrence
of medial rotation contracture after Sever procedure, asso-
ciated this surgery to the transfer of the insertions of the
latissimus dorsi and teres major muscles from the ante-
rior medial portion to the posterolateral humerus. Currently,
surgical procedures can be divided into three groups: (1) ten-
don transfers without anterior shoulder release; (2) anterior
release of the shoulder, usually accompanied by tendon trans-
fer; and (3) rescue procedures, such as humeral osteotomy or
shoulder arthrodesis, typically for patients with severe joint
deformity.12,17

The second group of procedures is currently recommended
by most authors for the treatment patients that present
with pre-existing medial rotation shoulder contracture, but

still have a congruent joint.2–9,11,18–20 The anterior shoulder
release may be achieved by open3,5–7,20–26 or arthroscopic sur-
gical techniques.3,4,8–10 The tendon transfer most cited in the
literature is that of the latissimus dorsi (whether or not accom-
panied by the teres major), so that it will act as a lateral
shoulder rotator.2–5,7–9,12,18,19,27 The attachment point of the
transferred tendon was initially described as the lateral cor-
tex of the humerus, just below the greater tuberosity, using the
deltopectoral approach.15,16 Later, in order to promote abduc-
tion improvement, the transfer was modified to the posterosu-
perior portion of the greater tuberosity.18 However, to achieve
this, it was necessary to use a posterior approach or multiple
access routes. No studies using only an anterior approach to
this new topography were retrieved in the literature.

This study aimed to describe and discuss the surgical tech-
nique developed and used by our group in five patients with
OBPP, which involves: (1) arthroscopic release of the shoul-
der to gain passive lateral rotation and (2) the transfer of the
latissimus dorsi, where its tendon insertion is lengthened and
reinforced with a tendon allograft so that it can be trans-
ferred to the posterosuperior portion of the greater tuberosity
through a single anterior surgical approach.

Materials  and  methods

From May 2011 to July 2013, five patients with medial rota-
tion shoulder contracture underwent arthroscopic release and
latissimus dorsi tendon transfer performed by the Shoulder
and Elbow Surgical Group of our institution. The research
project was approved by the Human Research Ethics Commit-
tee of the same institution.
The inclusion criteria were: patients with OBPP sequela
who presented functional deficit of shoulder lateral rotation,
with congruent joint and without humeral head or glenoid
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Table 1 – Patient clinical data.

Case Age (years) Gender Side Narakas classification Previous brachial plexus surgeries

1 18 F R High (Erb) –
2 5 F R High (Erb) Neurolysis at 8 months of age
3 14 F L High (Erb) –
4 4 F L Total Neurotization at 5 months of age
5 7 M R High (Erb) –
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Source: Service records (same).

eformities (i.e.,  classified as maximum of grade 3, according
o the Waters1 classification).

Of the five patients, four were female and one (case 5) male.
he mean age at surgery was 9 years (4–18). According to

he Waters1 classification, the shoulders of all patients were
lassified as grade 1 (no joint deformity). As for the modified
arakas classification, apud Sawyer,12 four patients had upper
rachial plexus injury (type I, involving C5–C6) and only case

 had total plexus injury (type III).  Cases 2 and 4 had already
ndergone prior brachial plexus surgery. Case 2 underwent

 neurolysis at eight months of life; case 4, at five months,
nderwent C5 root neurotization to the posterior cord, C6 neu-
otization to the anterior division of the lateral cord, accessory
erve neurotization to the suprascapular nerve, and C7 root
eurotization to the middle stem (Table 1).

For the functional assessment, active and passive range of
otion (ROM) measurements were made by physicians, with

he use of a goniometer. Shoulder ROMs included passive lat-
ral rotation (with the shoulder adducted) and the following
ctive movements: elevation in the scapular plane, lateral and
edial rotation (with the shoulder adducted), hand-to-mouth,

nd hand-to-neck. Patients were assessed and classified
ccording to the modified Mallet scale, apud Bae et al.,28 for
lobal shoulder function in patients with OBPP (Fig. 1).

All patients underwent pre- and post-operative radio-
raphic assessment in the true AP, axillary, and scapular Y
iews. In two cases (2 and 3), computed tomographies were
erformed.

The mean postoperative outpatient follow-up time was 23
onths and 15 days (range: 12–49 months). Functional re-

valuation of the operated shoulder was conducted in the
ame manner as the pre-operative evaluation (Table 2).

Due to the small number of cases operated so far with this
echnique, the results were not statistically analyzed.

urgical  technique

he first step of the surgery, which aims to gain passive lateral
otation (Fig. 2), is the arthroscopic release, performed with the
atient under general anesthesia and in the beach-chair posi-
ion. With the arthroscope (4-mm diameter, 30-degree angle)
ositioned in the posterior portal and an arthroscopic scissor

n the anterior, an anterior capsulotomy until the five o’clock
osition is performed, as well as a tenotomy of the proximal

ortion of the subscapularis tendon, when necessary (Fig. 3).

Then, the open muscle transfer is made. Through a del-
opectoral approach, the proximal third of the pectoralis

ajor tendon is detached and the latissimus dorsi and teres
major tendons insertions are identified (Fig. 4). The tendon
of the latissimus dorsi is repaired, totally detached from the
humerus, and its muscle belly is partially dissected. It is then
stretched and reinforced with a homologous tendon from a
tissue bank (Fig. 5), which is trimmed to have the same width
as the patient’s tendon and sufficient length to reach the pos-
terosuperior portion of the greater tuberosity. In cases 1, 2,
and 3, Achilles tendons were used. In cases 4 and 5, patellar
tendons.

The tendon (already stretched) is passed inferiorly to the
teres minor and the lateral head of the triceps to the poste-
rior portion of the humerus. This is done with the aid of a
long curved clamp, which is passed between the deltoid and
humeral head in order to reach the tendon (Fig. 5). Finally, with
the shoulder placed at 15◦ of abduction and 60◦ of rotation,
the transfer is sutured (with nonabsorbable No. 5 wire)  to the
posterosuperior portion of the greater tuberosity (Fig. 6).

At the end of surgery, the patient is immobilized in neutral
rotation with an abduction sling, which is kept full-time for
six to eight weeks. In this period, the sling is removed only for
bathing and for daily physical therapy, which involves only
passive lateral rotation shoulder exercises. After this period,
shoulder ROM gain and maintenance are initiated, but still
without strengthening. The latter is started only four months
after surgery.

Results

The results are shown in Table 2 in detail, which compares the
pre- and postoperative ROMs (and their scores in the modified
Mallet28 classification) of each evaluated motion, separated
by patient. This allows for a clear picture of the functional
evolution of each operated shoulder (Table 2).

In general, passive and active lateral rotations improved,
while medial rotation got worse. Other movements (elevation,
hand-to-mouth, and hand-to-neck) presented less consistent
evolution. The mean modified Mallet score28 improved by 4.2
points (11.4–15.6; Table 2).

Discussion

As mentioned in the inclusion criteria of this study, can-
didates for the surgical technique described are those with
functional deficit of lateral rotation of the shoulder and gleno-

humeral changes less than or equal to grade 3 according to the
Waters et al.1 classification (with congruent joint and with-
out humeral head or glenoid deformities).26 Patients without
the limitation of the lateral rotation have reduced risk of
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Table 2 – Comparison of preoperative vs. postoperative function, stratified by patient and motion.

Case Follow-up
(months)

Passive lateral rotation Active lateral rotation Elevation Medial rotation Hand to mouth Hand to neck MALLET SCORE

Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op

1 49 30◦ 45◦ −10◦ (2) −10◦ (2) 75◦ (3) 80◦ (3) Sacrum (3) Sacrum (3) Marked
trumpet
sign (2)

Partial
trumpet
sign (3)

Not
possible
(2)

Not
possible
(2)

13 13

2 26 20◦ 70◦ −45◦ (1) 0◦ (2) 90◦ (3) 130◦ (4) T12 (4) Not
possible (2)

Marked
trumpet
sign (2)

<40◦ abd
(4)

Not
possible
(2)

Easy (4) 9 16

3 20 10◦ 80 −5◦ (2) 30◦ (4) 150◦ (4) 140◦ (4) T7 (5) T7 (5) Marked
trumpet
sign (2)

Partial
trumpet
sign (3)

Hard (3) Easy (4) 12 20

4 14 45◦ 90 0◦ (2) 70◦ (4) 90◦ (3) 80◦ (3) Trochanter
(2)

Not
possible (2)

Marked
trumpet
sign (2)

Partial
trumpet
sign (3)

Not
possible
(2)

Not
possible
(2)

8  14

5 12 45◦ 80◦ 10◦ (3) 15◦ (4) 80◦ (3) 80◦ (3) T12 (4) Gluteus (2) Partial
trumpet
sign (3)

Partial
trumpet
sign (3)

Not
possible
(2)

Hard (3) 15 15

MEAN 24 30◦ 73◦ −10◦ (2) 21◦ (3.2)  97◦ (3.2) 102◦ (3.4)  (3.6) (2.8) (2.2) (3.2) (2.2) (3) 11.4 15.6

Source: Service records (same).

Values between parenthesis = modified Mallet score results. Follow-up = postoperative outpatient follow-up time.
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Abduction

Lateral rotation

Medial rotation

Hand-to-neck

Hand-to-mouth

<30º >90º30º to 90º

<0º >20º0º to 20º

Not possible

Not possible

Marked trumped sign Partial trumpet sign <40º abduction

T12S1

EasyHard

Grade III Grade IVGrade II

Fig. 1 – Schematic representation of the modified Mallet classification28 to assess shoulder function in patients with OBPP.
Grade I, no function; grade V, function equal to the contralateral shoulder. Grades II, III,  and IV are represented for each
m
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otion. S1, first sacral vertebra; T12, 12th thoracic vertebra.

eveloping joint deformity and therefore would not benefit
rom this procedure.19

In order to provide the most appropriate therapeutic indi-
ation in each case, radiological assessment is necessary.
n addition to assessing joint congruity and deformities of
he glenoid and humeral head, rated according to Waters
lassification,1 X-rays and computed tomography allow for the
ssessment and measurement of the shape and version of the
lenoid joint surface and the amount of posterior subluxation
f the humeral head.1,4,9,22 Pedowitz et al.4 and Kozin et al.9

emonstrated that magnetic resonance imaging can also be
sed for this purpose, and is indicated in cases where the

umeral epiphysis and glenoid are still cartilaginous.

Regarding the surgical technique, the arthroscopic release
sed in the present study is not unusual; it was first described
y Pearl10 in 2003. The use of the arthroscopic approach (rather
than open) is justified by the fact that subscapularis teno-
tomy is not always necessary to obtain the desired passive
lateral rotation. By not performing a tenotomy, in theory, the
risk of iatrogenic lateral rotation contracture is reduced; it can
occur with other open subscapularis stretching techniques.10

As advocated by Pearl et al.,8,10 Pedowitz et al.,4 and Kozin
et al.,9 it is noteworthy that the release is considered incom-
plete when the passive external rotation achieved with the
shoulder abducted at 90◦ is lower than 45◦ (Fig. 2). If that is the
case, total release of the inferior glenohumeral ligament to a
slightly posterior point in the middle portion of the axillary
recess should be performed4,8–10 (the meticulous dissection of

the axillary recess before its release is of paramount impor-
tance to avoid iatrogenic injury to the axillary nerve), as well
as subscapularis tenotomy in its proximal portion, which is
precisely the most contracted portion.7
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Fig. 2 – Case 3. Passive lateral rotation of the left shoulder before (a) and after (b) the arthroscopic procedure.

Fig. 3 – Case 2. View of the intra-articular space of the right shoulder, with the arthroscope in the posterior portal.
x = humeral head; y = subscapularis tendon. (A) Tenotomy of the proximal portion of the subscapularis muscle with a punch.

(arro
(B) After subscapularis tenotomy and anterior capsulotomy 

Regarding the tendon transfer, the first aspect considered
in its development was related to the surgical approach. To
make a tendon transfer specifically to the posterior superior
portion of the greater tuberosity, some surgeons use a sin-
gle posterior approach,2,3,9,18 a single axillary approach,20 an
anterior approach (deltopectoral) associated with a posterior
approach,26 or a saber-cut approach associated to a posterior
approach.29,30 No articles describing the tendon transfer to the
described site using the technique described in the present
study (a single anterior access route) were retrieved in the
literature.

The deltopectoral approach was chosen for its advantages

when compared to other approaches, which are: orthope-
dic surgeons familiarity; no violation of the deltoid muscle;
allows, when necessary, the osteotomy of the dysplastic
w).

coracoid process12,20 and elongation of the tendons of the pec-
toralis major, short head of the biceps, and coracobrachialis7;
and allows the detachment of the tendons of the latissimus
dorsi and teres major under good viewing,31 which, in the
authors’ opinion, reduces the risk of iatrogenic injury to the
axillary nerve. However, the anterior approach has the fol-
lowing disadvantages: in the authors’ opinion, greater risk
of iatrogenic injury to the radial nerve (it cannot be easily
identified, despite being very near the surgical site [Fig. 4]);
and the impossibility of a wide dissection of the latissimus
dorsi and teres major muscles, which does not allow for
their traction to the posterosuperior portion of the greater

tuberosity.

In order to benefit from the deltopectoral approach, and to
counterbalance these two disadvantages, two important steps
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Fig. 4 – Schematic representation of the right shoulder.
Anterior view. The deltoid muscle is not shown. (1) Long
head of the biceps; (2) subscapularis tendon; (3) insertion of
the conjoint tendon and the pectoralis minor tendon into
the coracoid process (muscles are not shown); (4) axillary
nerve; (5) radial nerve; (6) teres major tendon; (7) latissimus
d
p

w
(
t
t

F
d
d
i

orsi tendon (sectioned); and (8) humeral insertion of the
ectoralis major muscle (muscle is not shown).
ere added to the technique: (1) arthroscopical joint release
which has already been described and discussed); and (2)
endon lengthening and strengthening with a graft, to allow
he fixation of the latissimus dorsi to the posterior superior

ig. 5 – (a) Schematic representation of the right shoulder. Anteri
orsi tendon (x) is reinforced and lengthened with tendon allogr
eltoid and the humeral head in order to reach it and pass it to t

ntraoperative photograph (case 4). Arrow: the tendon (already ex
;5 1(3):319–328 325

aspect of the greater tuberosity, which in theory would be
biomechanically more  favorable. In the present cases, allo-
grafts of calcaneal or patellar tendons were used, as they were
considered to be sufficiently strong and wide. Allografts could
also be used in order to strengthen tendon transfer. Thus,
the authors believe that it is possible to maintain the patient
with only a functional sling and without rigid thoracobrachial
immobilization (plaster or orthosis).

Another important aspect taken into consideration in
the development of the technique was what would be the
biomechanically best anatomical site for the tendon trans-
fer attachment. Reviewing the literature, two  trends were
identified: (1) some authors5–8,19 use the lateral cortex of the
humerus, just below the greater tuberosity, the same place
suggested by the L’Episcopo technique16; (2) others2–4,9,18,20,26

use the posterosuperior portion of the greater tuberosity (or on
the rotator cuff itself), according to the technique described
by Hoffer et al.18 The difference in the principle behind the
two techniques lies in the vectors of the forces generated by
the transferred musculotendinous units. In the first group, the
transfer acts only as a lateral rotator of the shoulder, while in
the second group, in addition to acting as a lateral rotator,
it theoretically allows for gains in shoulder abduction, which
is one of the compromised movements in patients with OBPP
sequelae. According to Hoffer et al.,18 this is because a transfer
made to the posterosuperior portion of the greater tuberos-
ity increases the stabilizing effect of the rotator cuff and thus
enables the deltoid to be more  effective as a shoulder abduc-
tor. However, it is worth discussing whether this theoretical
difference is able to promote a change in clinical outcomes.

In the analysis of results obtained in the literature, it was
observed that several studies (regardless of location of tendon

transfer) reported improved lateral shoulder rotation for most
patients.2,3,5,6,8,9,18–20,26 However, the same could not be said
for abduction gains. Of the studies that used transfer to the

or view: the deltoid muscle is not shown. The latissimus
aft (y). Then, a long curved clamp is passed between the
he posterior portion of the shoulder. (b) Right shoulder:
tended) has been passed around the humeral head.
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Fig. 6 – Schematic representation (a) and intraoperative photograph (case 1) (b) right shoulder. Anterior view. Arrows: site of
transfer suture at the posterior superior aspect of the greater tuberosity.

Pre-operative

a b

c d

Pre-operative

Post-operative

Post-operative

Fig. 7 – Case 2. Pre- (a) and post-operative (b) photographs demonstrating patient’s hand-to-mouth motion. Note the
“trumpet sign” (arrow in the figure “a”), which is the need for shoulder abduction to bring the hand close to the face due to
loss of active lateral rotation of the shoulder. Pre- (a) and post-operative (b) photographs of the active lateral rotation of the
affected shoulder.
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ateral cortex of the humerus, improved amplitude of such
otion for most patients was only observed in the studies by

ovey et al.19 and by Wickstrom et al.6 However, abduction
mproved in all studies in which the transfer was made to the
osterosuperior portion of the greater tuberosity.2,3,9,18,20,26

Specifically in relation to the improvement of shoulder ele-
ation in the scapular plane, presented results are lesser than
xpected (Table 2). Although both tendon transfer and the
se of a graft decrease the strength of the transferred muscle
roup, the authors believe that the increase in effectiveness of
he deltoid as an abductor after the transfer of the latissimus
orsi to the posterosuperior portion of the greater tuberosity18

ccurs more  due to the tenodesis effect of the transfer than to
ctive muscle contraction, as proposed Gerber et al.29,30 and
y Nové-Josserand et al.32 Therefore, the addition of a tendon
raft would not affect the functional outcome. However, only
ase 2 presented improvements of such motion (Table 2), while
n the other four it was virtually unchanged (Table 2). Consid-
ring this fact, the authors believe that the lifting motion
an be further improved in future cases if the suture of the
one transfer is made with the shoulder at a greater degree
f abduction, which would provide higher tension to the
ransfer.

Improvement in lateral rotation was expected, as the find-
ngs were similar to those found in other series.5 This was
bserved with the improvement in active and passive lat-
ral rotation, which was achieved in four out of five patients
Table 2). Other findings that corroborate this theory were the
mprovement (also in almost every case) of hand-to-mouth
nd hand-to-neck movements (Table 2), because the move-
ent of bringing the hand to the face without the need

f shoulder abduction requires active lateral rotation of the
houlder.11,33 In clinical practice, a less pronounced trumpet
ign translates into an improvement of the active lateral rota-
ion ability (Fig. 7).

Full open subscapularis tenotomy, in theory, leads to reduc-
ion in active medial rotation ability. The proximal portion
f the subscapularis tendon can be accessed and undergo

ntra-articular tenotomy through arthroscopy.4,8–10 This ten-
on portion is precisely the one that Zancolli and Zancolli7

elieve to be the most shortened. Therefore, arthroscopic
urgery theoretically provides a lateral rotation gain (through
he release of the shortened portion of the tendon) without
ausing the loss of active medial rotation, as it would main-
ain the distal portion of the subscapularis intact. The study
y Kozin et al.9 reinforces this thesis by reporting no changes
n medial rotation ability after arthroscopic partial subscapu-
aris release. However, Pearl et al.,8 in a study published in
006, demonstrated that their patients had significant loss
f this motion after undergoing the same arthroscopic surgi-
al technique. Our experience yielded mixed results. In two
ases, the medial rotation was unchanged. In three, it got
orse.

Despite the small number of patients in the present stud-
es, and in light of the results, the authors believe that it
s possible to improve upper limb function in this group of
atients using the surgical technique described. It is impor-

ant to mention that the limb function in these patients is
xtremely precarious, and any percentage of improvement
an greatly benefit their daily activities.

1
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Conclusion

The latissimus dorsi muscle tendon can be transferred to the
posterosuperior portion of the greater tuberosity through a
single deltopectoral access when lengthened with a tendon
allograft.
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