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The purpose of this study was to evaluate the reco-
very of muscular strength after surgical intervention
in axillary nerve injuries. Surgery was elected when
no signs of recovery were noted after three months of
conservative treatment. Between 1980 and 1996, 46
traumatic lesions of the axillary nerve were surgical-
ly treated. Thirteen patients were excluded from the
study for various reasons. Among the remaining 33,
20 with interruption of the nerve trunk were treated
with nerve grafts and 13 lesions with the nerve in
continuity underwent neurolysis.
After a mean follow-up of more than two years, del-
toid muscle strength was good or fair in 18 patients
and poor in 15 cases.
The outcome seemed to be better in isolated lesions
than in complex nerve lesions with a favourable out-
come in 6/10 patients vs 8/14, in patients younger
than 25 years compared to older patients (8/14 vs
8/19), in patients treated with neurolysis (9/13) com-
pared to grafting (9/20), and when graft length was
limited (4/4 patients with a graft 6cm or less, 5/8 with
a graft over 6cm in length). The outcome was less
favourable when associated osteoarticular lesions
were present (8/23 versus 8/10) and most convincing-
ly, when surgery was delayed beyond six months
(10/22 versus 8/11).

INTRODUCTION

With advances in microsurgical techniques (1, 3),
surgical repair has become the treatment of choice
for lesions of the brachial plexus. Injuries to the
axillary nerve may occur in shoulder trauma partic-
ularly after anterior dislocation, during shoulder
surgery or as part of a brachial plexus palsy. Except

in the latter, an axillary nerve injury usually occurs
in the quadrilateral space (1, 12, 23, 34, 39). The
results of surgical treatment of axillary nerve
injuries with neurolysis, repair or grafting are
reportedly good (1, 7, 15, 40, 42). However, the expe-
rience in our institution has been less favourable.
We decided to perform a retrospective study of
33 surgically treated lesions, in order to analyse the
prognostic factors affecting the outcome.

MATERIALS AND METHODS

Between 1980 and 1996, 46 traumatic lesions of the
axillary nerve were surgically treated at Jeanne d’Arc
Hospital in Toul. We report the results of 33 lesions with
a mean follow-up of more than two years. Thirteen
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patients were excluded for various reasons : the follow-
up was too short in 11 patients, one was lost to follow-
up, and another one had an iatrogenic lesion of the ter-
minal branches of the axillary nerve.

Thirty- three patients (26 males and 7 females), with
an average age of 30 years (range : 13 to 70 years) were
included in the present study. The left side was involved
in 18 patients and the right side in 15.

The initial injury was a motor vehicle accident in
19 patients, a sports accident in two, an occupational
injury in two, a fall in six, an automobile crash in two
and a positional anomaly in one. The mechanism was
extreme abduction of the arm in 9 cases, anterior dislo-
cation of the shoulder in 10, and a direct blow to the
shoulder with a heavy object in one case ; the mecha-
nism was unclear in 13 patients.

Clinical paralysis of the deltoid muscle was docu-
mented in all cases. Hypoaesthesia or anaesthesia was
noted in 18 patients. Some patients presented paraesthe-
sias over the lateral side of the forearm. Five did not
have any sensory alteration in the shoulder region.

The injuries were classified according to the presence
or absence of combined nerve lesions. The lesion of the
axillary nerve was isolated in 16 patients (group 1), it
was combined with a superior scapular nerve injury in
5 patients (group 2), with a lesion to the infraclavicular
plexus in 11 patients (group 3), and with a supraclavic-
ular plexus lesion in one patient (group 4)

Osteoarticular injuries were present in 23 patients :
shoulder dislocation (10 cases), acromioclavicular dislo-
cation (3 cases), fracture of the scapula (5 cases), frac-
ture of the greater tubercle (3 cases), fracture of the
humeral diaphysis (3 cases), fracture of the forearm
(2 cases), multiple rib fractures with a flail chest
(3 cases), clavicular fracture (2 cases), and two patients
presented with cervical spine fracture, head trauma and
multiple peripheral fractures.

Osteoarticular injuries were more frequent in the
third group (9/11) and fourth group (1/1), than in the
other two groups (9/16 in group 1, and 3/5 in group 2).

A rotator cuff lesion was diagnosed in one case ;
however, arthrography of the shoulder was performed in
only three patients. No vascular injuries were encoun-
tered.

Surgery was elected when complete paralysis of the
deltoid persisted after three months from the time of
injury, without EMG improvement. Due to late referral,
the average time elapsed between injury and surgery was
10 months (range : 3 to 36 months) : 6 to 8 months in
cases with paralysis of the deltoid, 9 months in cases

with an associated lesion of the superior scapular nerve,
and 16 months in cases with involvement of the infra-
clavicular plexus. 

At surgery, rupture of the axillary nerve was found in
19 cases : the lesion was situated in the quadrangular
space in 9 patients, and proximal to it in 10.

A lesion in continuity of the nerve was present in
14 patients ; it was proximal to the quadrilateral space in
13, and in that space in one patient. Ruptures were treat-
ed by resection of the proximal and distal nerve stump
and replacement of the defect by a saphenous nerve
graft. Lesions in continuity were treated with neurolysis
in 13 patients, and with a nerve graft in one. Thus, a total
of 20 nerve grafts were performed : four of these were
done through an anterior approach, and 16 using a com-
bined anterior deltopectoral and posterior approach. The
posterior approach allowed access to the proximal part
of the nerve via the quadrangular space. The graft con-
sisted of two or three bundles ; its length ranged from
2 to 11 cm (mean length : 6.8 cm). Graft length was
noted with some precision in only 12 cases. Neurolysis
of the axillary nerve was done through an anterior
approach.

Lesions of the superior scapular nerve were treated by
neurolysis in two cases ; the lesion was beyond repair in
one patient, and in two others spontaneous recovery had
occurred before surgery (group 2). Lesions of the infra-
clavicular plexus (group 3) recovered spontaneously in
six patients, neurolysis of the secondary anterolateral
trunk or the secondary posterior trunk was done in four
patients and grafting with the ulnar and radial nerve in
one patient. The shoulder was immobilised for three
weeks in patients who had a nerve graft, and for one
week in those patients who underwent a simple neuroly-
sis procedure.

Patients were followed up for a minimum of two
years after the operation (range : 24 to 53 months). They
were evaluated for the presence of sensory disturbances
of the shoulder area or amyotrophy of the deltoid mus-
cle. To evaluate the strength of the three parts of the del-
toid, testing included abduction, abduction with slight
antepulsion (30°), and abduction with slight retropulsion
(30°). Strength was graded from M0 to M5 according to
the Nerve Injuries Committee of the British Medical
Research Council (47). However, it proved difficult to
evaluate the degree of recovery of each of the three parts
of the deltoid. In almost all cases we assessed the glob-
al strength of the muscle, which constitutes the most
essential element. Evaluation of fatigue on exertion was
tested according to a fixed protocol and proved unreli-
able. 
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Clinical results were compared to EMG results to
eliminate any false impression caused by compensatory
muscle action, and to obtain a more precise judgment
about the progression of regeneration of the nerve.

The results were considered favourable when the del-
toid strength was equal to or better than M3 and
unfavourable when equal to or less than M2.

Statistical analysis was done using the Chi-square test
with Yate’s correction when indicated. The p value was
calculated for each table ; p < 0.05 was taken as the level
for statistical significance.

RESULTS

The earliest signs of recovery were seen as early
as two months following neurolysis, and as early as
three months following nerve grafting ; in cases
with a favourable evolution, recovery could be
completed within 6 to 12 months. In cases with an
unfavorable evolution, the recovery stagnated
despite early signs of regeneration on EMG.

Initially, sensory disturbances of the shoulder
were noted in 28 patients and were absent in
5 patients. Five patients recovered completely, 19
had a persistent area of hypoaesthesia or anaesthe-
sia which regressed in size in 7 of them. Four
patients were not further evaluated. Dysaesthesias
and paraesthesias eventually disappeared over time
in all patients. 

Complete amyotrophy involving the three heads
of the deltoid muscle was noted in 20 patients. It
was very severe in seven, severe in ten and moder-
ate in three patients ; the deltoid showed no wast-
ing in five patients. Amyotrophy of the deltoid
muscle was dissociated, involving one or two heads
of the muscle, in eight patients : five had amyotro-
phy limited to the anterior part of the muscle, two
had amyotrophy of the posterior part, and one had
amyotrophy of both the anterior and posterior
parts. Isolated amyotrophy of the middle part was
not seen in any patient.

The result was favourable in 18 patients (M3 : 5,
M4 : 5, M5 : 8) and not favourable in 15 patients
(M0 : 5, M1 : 3, M2 : 7).

The following correlations are documented in
tables I to VII. Statistically significant differences
were only found regarding associated osteoarticu-

lar lesions and the type of these lesions (tables IV
and V : p < 0.05). This may be related to the small
number of patients, which limits the power of the
statistical comparisons. 

Neurolysis gave a favourable outcome in 9 out of
13 patients, nerve grafting in 9 out of 20 patients
(table I).

Isolated lesions of the axillary nerve achieved a
favourable score in 10 of 16 patients, and combined
nerve lesions in 8 of 17 patients (table II).

When the time interval between injury and
surgery was less than 6 months, 8 out of the
13 patients had a favourable score, versus only 10
of 22, if more than 6 months (table III). The differ-
ence is not statistically significant (p < 0.1)
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Table I. — Recovery of deltoid muscle strength according
to the type of intervention performed :

neurolysis or nerve grafting

NEUROLYSIS NERVE GRAFTING
13 patients 20 patients

< M3 4 patients 11 patients
≥ M3 9 patients 9 patients

0.1 < p < 0.2 (N.S.D. = non significant difference).

Table II. — Recovery of deltoid muscle strength according to
the type of lesions

GROUP 1 GROUPS 2 + 3
16 patients 17 patients

< M3 6 patients 9 patients
≥ M3 10 patients 8 patients

0.3 < p < 0.5 (N.S.D.).

Table III. — Recovery of deltoid muscle strength according
to the time interval between the injury and

the surgical intervention

< 6 MONTHS > 6 MONTHS
11 patients 22 patients

< M3 3 patients 12 patients
≥ M3 8 patients 10 patients

p = 0.1 (N.S.D).
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The success rate dropped from 80%
(8/10 patients) to 34% (8/23 patients) when asso-
ciated ostearticular lesions were present (table IV).
Dislocations appeared less harmful than fractures :
favourable outcome in 6/10 patients versus
4/13 patients (table V).

Eight of 14 patients younger than 25 years had a
favourable result, versus only 8 of 19 patients older
than 25 years (table VI).

If graft length needed to bridge the gap was less
than 6 cms, 4/4 patients evolved favourably, versus
only 5/8 patients when the length was greater
(table VII).

DISCUSSION

Petrucci (42) and Alnot et al (1, 2) obtained excel-
lent results with a muscle strength recovery of M3
or better in 100% and 94% respectively of their
patients with axillary nerve injury. Coene and
Narakas reported M3 or better recovery in 70% of
their patients (15). 

Since the outcome obtained in our series was
poorer, we tried to analyse the factors affecting out-
come. The factors investigated were the type of
lesion of the axillary nerve and the ensuing treat-
ment (neurolysis or nerve grafting), the presence of
associated nerve injuries or osteoarticular lesions
and the time interval between the injury and the
surgical intervention.

Paralysis of the deltoid muscle causes not only a
cosmetic problem as a result of amyotrophy, but
also a severe limitation in active motion of the
shoulder joint, especially abduction and antepul-
sion. The absence of a functional deltoid may lead
to early damage and a possible rupture of the rota-
tor cuff muscles (1, 44), and consequently to early
degenerative arthritis of the shoulder joint (14, 44).

Most lesions of the axillary nerve are part of a
brachial plexus lesion in a traction-elongation
injury. Four main pathogenic mechanisms seem to
be responsible (1, 14, 25, 34, 39, 42, 46, 51).

The axillary nerve is the most exposed element
of the brachial plexus owing to its anatomic loca-
tion directly beneath the capsule of the gleno-
humeral joint in the quadrilateral space, when a
shoulder dislocates or a humeral neck fractures.
Damage to the suprascapular or musculocutaneous
nerves may also occur with these lesions.

In motorcycle accidents, extreme abduction and
internal rotation of the arm and the ensuing open-
ing of the scapulohumeral angle, cause wedging of
the infraclavicular part of the plexus and the vascu-
lar elements over the humeral head and are the
main mechanism of injury of the infraclavicular
plexus and particularly of the nerves in the vicinity
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Table IV. — Recovery of deltoid strength according to the
presence or absence of associated osteoarticular lesions

NO ASSOCIATED ASSOCIATED
LESIONS LESIONS
10 patients 23 patients

< M3 2 patients 15 patients
≥ M3 8 patients 8 patients

p < 0.05 (S.D = significant difference).

Table V. — Recovery of deltoid muscle strength according to
the type of associated osteoarticular lesions

DISLOCATIONS FRACTURES
10 patients 13 patients

< M3 4 patients 9 patients
≥ M3 6 patients 4 patients

p < 0.05 (S.D).

Table VI. — Recovery of deltoid muscle strength according
to the patients’ ages

< 25 YEARS ≥ 25 YEARS
14 patients 19 patients

< M3 6 patients 11 patients
≥ M3 8 patients 8 patients

P < 0.1 (N.S.D).

Table VII. — Results according to the length
of the nerve graft used

Nerve graft ≤ 6 cm Nerve graft > 6 cm
4 patients 8 patients

< M3 0 patient 3 patients
≥ M3 4 patients 5 patients

P = 0.45 (N.S.D).
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of the scapulohumeral joint (axillary, musculocuta-
neous and radial nerves) (14, 32).

The third pathogenic mechanism is internal rota-
tion seen in opening of the cervicoscapular angle (1,

14, 25, 39, 42, 45, 46) and this occurs while the shoul-
der is being pulled down. The motor branches coil
around the surgical neck of the humerus while the
sensitive branch of the axillary nerve remains
intact.

A last pathogenic mechanism of lesser impor-
tance seen in axillary nerve injuries is direct blunt
trauma to the lateral aspect of the shoulder.

The decision whether or not to operate on these
patients was not always easy. Two anatomical
peculiarities of the axillary nerve support direct
surgical repair when possible : the simple fascicu-
lar structure of the axillary nerve and its proximity
to the effector muscle which plays a crucial role in
shoulder movements. Nonoperative treatment
(physiotherapy and rehabilitation) aims at the
development of compensatory muscles (14, 50). In
late cases or when direct surgical repair of the axil-
lary nerve has failed, salvation is by muscle flap
transposition (trapezius, latissimus dorsi or long
biceps) (26, 28, 31, 50), or arthrodesis of the shoulder
joint. Such a treatment does not nearly give a nor-
mal shoulder joint, neither anatomically nor func-
tionally ; results are always inferior to those of
direct surgical repair of the axillary nerve (15, 42,

46). Therefore surgical repair is to be done whenev-
er it is possible. It should be performed within three
to four months after injury, if no signs of clinical or
electrical regeneration are noted (1, 7, 14, 42, 50).

Associated osteoarticular lesions were frequent
in this series : there were 10 shoulder dislocations
and 13 fractures, which greatly affected the prog-
nosis.

In our series we did not have any associated vas-
cular lesions despite the severity of some of the
injuries. In a study of 63 axillary nerve lesions,
Coene (14, 15, 40) reported 13 arterial lesions in
young adults, 11 of which were associated with
severe infraclavicular plexus injury. Bonnard et al
reported 21 vascular lesions out of 146 patients (7).

Five patients did not have any sensory alteration
in the shoulder area and a few others merely had

dysaesthesia. This is most probably due to the
anatomic relationship of the sensory and motor
branches of the axillary nerve with the surgical
neck of the humerus. The sensory branch being
more distant, is less vulnerable. Considering the
crossing through the quadrangular space, which is
a fixed zone, and as a consequence more vulnera-
ble to injuries (1, 46), we noted that the lesions
occurred proximal to the space in 23 patients and at
the crossing in only 10 patients. This was also
noted by Coene (14) : he had 77% ruptures and 23%
lesions in continuity. We had 19 ruptures (58%)
and 14 lesions in continuity (42%).

We assigned a minimum of two years follow-up
given the delay in recovery. We were often sur-
prised by the good functional recovery despite
minor changes in the bulk and electrical activity of
the deltoid. This reflects the important role of the
compensatory muscles, which were subjected to a
well-organised rehabilitation after surgery (17, 19,

21, 30). In general, the results obtained in our series
were good. Of 33 patients, 18 recovered M3 or bet-
ter deltoid strength.

We noted that the results seemed to be better fol-
lowing neurolysis, in comparison to nerve grafting.
Artico et al and Coene and Narakas (4, 15) did not
note any significant difference between the two
types of intervention. We pointed out the impor-
tance of the following prognostic factors : high-
energy trauma, lesion of the infraclavicular plexus,
associated osteoarticular lesions and delay of surgi-
cal intervention (9 to 36 months). In some cases,
independently from the type of the intervention,
violent trauma may be the cause of a poor outcome,
possibly because of stretching of the nerve at a 
distance from the initial insult. These lesions may
be overlooked during the initial work up and will
affect the outcome and recovery. The association 
of an axillary nerve lesion and a fracture is a nega-
tive prognostic factor for various reasons : the ini-
tial insult was severe enough to cause a fracture,
the presence of other plexus lesions is frequent,
the osteo-articular lesions delay the definitive 
treatment of the nerve injury, and sequelae of the
fracture itself may affect the outcome. For several
authors, the time interval between the initial insult
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and the intervention appears as the most important
factor (7, 50). This may explain the modest results 
in our series, in which the average delay was 
10 months. This was most often due to late consul-
tation by the patient, and it reflects by no means a
“wait-and-see” policy on our part. All our excellent
results (M5) were seen in patients in which the
delay was less than 8 months ; there was one
exception however, which may indicate that
delayed intervention may sometimes give a favou-
rable outcome. We nevertheless advocate early
intervention, within three months of the initial
insult if there are no EMG signs of nerve regene-
ration, although we were unable to demonstrate a
statistically significant difference between the
results of early and late intervention in this study,
owing to the limited size of the study group.

Two additional factors affecting the prognosis
were the age of the patient, and the length of the
nerve graft used (7, 50). In our study, the outcome
appeared better in patients younger than 25 years
and also after grafting less than 6 cms ; no statisti-
cally significant differences were demonstrated
however, which may be related to the small size of
the groups studied. 

Finally, persisting segmental amyotrophy of the
deltoid was observed in 8 of our patients ; 7 of
them however had a positive outcome (≥ M3).
Such segmental amyotrophy was not mentioned in
previously published series, where the overall
recovery of the three parts of the deltoid was
always noted. This amyotrophic dissociation seen
in our series was more frequently noted in nerve
graft cases than in neurolysis cases. It may have
been caused by poor approximation of the end of
the grafts, or by an atypical anatomic distribution
of the terminal branches as demonstrated by
Coene, or due to stretching of the nerve roots at the
time of injury. In our series we did not have in
every instance simultaneous recovery of the three
parts of the deltoid muscle.

CONCLUSION

The outcomes following surgical treatment of 33
traumatic lesions of the axillary nerve with neuro-
lysis or nerve grafting are reported. A favourable

outcome was obtained in 18/33 patients with a
deltoid recovery of M3 or better. Associated
osteoarticular lesions represented an important
factor leading to an unfavorable outcome. Another
important prognostic factor seems to be the time
interval between the injury and the intervention. If
there are no clinical and EMG signs of recovery of
nerve function, surgery should be done three
months after the initial insult, particularly if the
patient is young and the axillary nerve lesion is iso-
lated.

REFERENCES

1. Alnot JY, Jolly A. Les lésions du nerf circonflexe. A pro-
pos de 19 cas. Rev Chir Orthop 1983 ; 69 : 539-546.

2. Alnot JY, Liverneaux P, Silberman O. Lésions du nerf
circonflexe. Rev Chir Orthop 1996 ; 82 : 579-89.

3. Alnot JY. Traumatic brachial plexus palsy in the adult.
Retro- and infraclavicular lesions. Clin Orthop 1988 ;
237 : 9-16.

4. Artico M, Salvati M, D’Andrea V et al. Isolated lesion of
the axillary nerve : Surgical treatment and outcome in
twelve cases. Neurosurgery 1991 ; 29 : 697-700.

5. Bankart ASB. The pathology and treatment of recurrent
dislocation of the shoulder joint. Br J Surg 1983 ; 26 : 23-
29.

6. Bateman JE. Nerve injuries about the shoulder in sports.
J Bone Joint Surg 1967 ; 49-A : 785-792.

7. Bonnard C, Anastakis DJ, Van Melle G, Narakas AO.
Isolated and combined lesions of the axillary nerve : a
review of 146 cases. J Bone Joint Surg 1991 ; 81-B : 212-
217.

8. Bonnel F, Rabischong P. Anatomie et systématisation du
plexus brachial de l’adulte. Anat Clin 1980 ; 2 : 289-298.

9. Borgeat A, Ekatodramis G, Kalberer F, Benz C. Acute
and nonacute complications associated with interscalene
bock and shoulder surgery : A prospective study. Anesthe-
siology 2001 ; 95 : 875-880.

10. Bryan WJ, Schauder K, Tullos HS. The axillary nerve
and its relationship to common sports medicine shoulder
procedures. Am J Sports Med 1986 ; 14 : 113-116.

11. Bunts FE. Nerve injuries about shoulder joint. Trans Am
Surg Assoc 1903 ; 21 : 521-562.

12. Cahil BR, Palmer RE. Quadrilateral space syndrome. J
Hand Surg 1983 ; 8 : 65-69.

13. Chaung DCC, Lee GW, Hashem F, Wei FC. Restoration
of shoulder abduction by nerve transfer in avulsed brachial
plexus injury : Evaluation of 99 patients with various nerve
transfers. Plast Reconstr Surg 1995 ; 96 : 122-128.

14. Coene LN. Axillary nerve lesions and associated injuries,
Thesis 1985. De Kempenaer, Oegstgeest, The Netherlands.

Acta Orthopædica Belgica, Vol. 70 - 1 - 2004



SURGICAL TREATMENT OF TRAUMATIC LESIONS OF THE AXILLARY NERVE 17

15. Coene LN, Narakas AO. Surgical management of lesions
of the axillary nerve isolated or combined with other infra-
clavicular nerve lesions. Clin Neural Neurosurg 1992 ; 94 :
S 64-66.

16. Colachis Jr SC, Strohm BR, Brechner VL. Effects of
axillary nerve block on muscle force in upper extremity.
Arch Phys Med Rehabil 1969 ; 50 : 647-654.

17. Committee on complications of the Arthroscopy
Association of North America : Complications in
Arthroscopy 1986 ; 2 : 253-258.

18. Dai SY, Lin DX, Han Z et al. Transference of thora-
codorsal nerve to the musculocutaneous or axillary nerve
in old traumatic injury. J Hand Surg 1990 ; 15-A : 36-37.

19. Dehne E, Hall RM. Active shoulder motion in complete
deltoid paralysis. J Bone Joint Surg 1959 ; 41-A : 745-748.

20. Diminick M, Shapiro G, Cornell C. Acute compartment
syndrome of the triceps and deltoid. J Orthop Trauma
1999 ; 13 : 225-227.

21. Duchenne GB. Individual action and use of muscles
which move the arm on the shoulder. In Kaplan EB (trans-
lator) Physiology of Motion. WB Saunders, Philadelphia,
1964, pp 42-60.

22. El-Gammal, Tarek Abdalla, Fathi Nihal Ahmad.
Outcomes of surgical treatment of brachial plexus injuries
using nerve transfers. J Reconstr Microsurg 2002 ; 18 : 7-
15.

23. Francel TJ, Dellon AL, Campbell JN. Quadrilateral space
syndrome : Diagnosis and operative decompression tech-
nique. Plastic Reconstuctive Surgery 1991 ; 87 : 911-61.

24. Friedman A, Nunley JA, Urbaniak JR et al. Repair of
isolated axillary nerve injuries after infraclavicular
brachial plexus injuries : Case reports. Neurosurgery 1990
; 27 : 403-407.

25. Gumina S, Postachini IF. Anterior dislocation of the
shoulder in elderly patients. J. Bone Joint Surg 1997 ; 79-
B : 540-543.

26. Haas SC. The treatment of permanent paralysis of the del-
toid muscle. JAMA 1935 ; 104 : 99-103.

27. Howell SM, Imobersteg AM, Seger DH, Marone PJ.
Clarification of the role of the supraspinatus muscle in
shoulder function. J.Bone Joint Surg 1986 ; 68-A : 398-404.

28. Leffert RD. Reconstruction of the shoulder and elbow fol-
lowing brachial plexus injury. In : Omer GE, Spinner M.
(eds). Management of Peripheral Nerve Problems. WB
Saunders, Philadelphia, 1980.

29. Leffert RD. Neurological problems. In : Rockwood Jr CA,
Masten III FA (eds). The Shoulder, 2nd ed. WB Saunders
Philadelphia, 1990, pp 750-773.

30. Leffert RD, Seddon H. Infraclavicular brachial plexus
injuries. J Bone Joint Surg 1965 ; 47-B : 9-22.

31. Lewis T. Trapezius transplantation in the treatment of del-
toid paralysis. JAMA 1910 ; 426 : 2211-2213.

32. Midha, R. Epidemiology of brachial plexus injuries in a
multitrauma population. Neurosurgery 1997 ; 40/6 : 1182-
1189. 

33. Millesi H. Surgical management of brachial plexus
injuries. J Hand Surg 1997 ; 2 : 367-378.

34. Milton GW. Mechanism of circumflex and other nerve
injuries in dislocation of the shoulder and the possible
mechanisms of nerve injuries during reduction of disloca-
tions. Aust NZ Surg 1953 ; 23 : 24-30.

35. Narakas A. Surgical treatment of traction injuries of the
brachial plexus. Clin Orthop 1978 ; 133 : 71-90.

36. Neer CS, Foster CR. Inferior capsular shift for involun-
tary inferior and multidirectional instability of the shoul-
der. J Bone Joint Surg 1980 ; 62-A : 897-908.

37. Ochia N, Nagano A, Mikami Y, Yamamato S. Full expo-
sure of the axillary and suprascapular nerves. J Bone Joint
Surg 1997 ; 79-B : 532-533.

38. Paladini D, Dellantonio R, Cinti A et al. Axillary neu-
ropathy in volleyball players : Report of two cases and lit-
erature review. J Neurol Neurosurg Psychiatry 1996 ; 60 :
345-347.

39. Pasila M, Jaroma H, Kiviluoto O et al. Early complica-
tions of primary shoulder dislocations. Acta Orthop Scand
1978 ; 49 : 263-269.

40. Patel J, Turner M, Birch R, McCrory P. Rupture of
the axillary (circumflex) nerve and artery in a
champion jockey. J Bone Joint Surg 2001 ; 83-B : 1565-
1579.

41. Perlmutter GS, Leffert RD, Zarins B. Direct injury to
the axillary nerve in athletes playing contact sports. Am J
Sports Med 1997 ; 25 : 65-68. 

42. Petrucci FS, Morelli A, Raimondi PL. Axillary nerves
injuries – 21 cases treated by nerve graft and neurolysis. J
Hand Surg 1982 ; 7 : 271-278.

43. Pollack LJ, Davis L. Peripheral nerve injuries. Am J Surg
1932 ; 17 : 462-471.

44. Prudnikov O.E, Prudnikov EE, Prudnikov DO,
Leonovets VM, Kaputstinsky AI. Lesions of the rotator
cuff of the shoulder associated with axillary palsy. J Bone
Joint Surg 1999 ; 81-B suppl II : 153-157.

45. Samardzic M, Rasulic L, Grujicic D. Gunshot injuries to
the brachial plexus. J Trauma-Injury Infection & Critical
Care. 1997 ; 43 : 645-649 .

46. Samardzic M, Rasulic L, Grujicic D, Milicic B. Results
of nerve transfers to the musculocutaneous and axillary
nerves. Neurosurgery 2000 ; 46 : 93-103.

47. Seddon HJ. (ed). Peripheral nerve injuries. Medical
Research Council special. Report series no 282 – London :
Her Majesty’s Stationery Office, 1954. 

48. Sedel L. Voies d’abord des nerfs du membre supérieur.
Encycl Med Chir, Paris, Techniques Chirurgicales,
Orthopédie, 44 225, 4,8, 06.

49. Steiman S, Moran E. Axillary nerve injury : Diagnosis
and treatment. JAAOS 2001 ; 915 : 328-336.

50. Toolanen G, Hildingsson C, Hedlund T et al. Early com-
plications after anterior dislocation of the shoulder in
patients over 40 years. Acta Orthop Scand 1993 ; 64 : 549-
552.

Acta Orthopædica Belgica, Vol. 70 - 1 - 2004



18 J. WEHBE, G. MAALOUF, J. HABANBO, R. M. CHIDIAC, E. BRAUN, M. MERLE

51. Travlos J, Goldberg I, Boome RS. Brachial plexus
lesions associated with dislocated shoulders. J Bone Joint
Surg 1990 ; 72-B : 68-71.

52. Visser E, P, Coene L, Brand R, Tavy DL. Nerve lesions
in proximal humeral fractures. J Shoulder Elbow Surg
2001 ; 10 : 421-427.

53. Watson-Jones R. Dislocation of the shoulder joint. Proc R
Soc Med 1936 ; 29 : 1060-1062.

54. Zhao X, Hung L, Zhang G, Lao J. Applied anatomy of
the axillary nerve for selective neurotization of the deltoid
muscle. Clin Orthop 2001 ; 390 : 244-251.

Acta Orthopædica Belgica, Vol. 70 - 1 - 2004


