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ARTICLE INFO ABSTRACT

Article history: Introduction: Infraclavicular brachial plexus (BP) injury secondary to glenohumeral joint (GHJ) dislocation
Acc‘_apted 2 August 2020 is a rather common complication, which may be accountable for long-lasting deficits. The purpose of this
Available online xxx study was to assess the potential benefits of BP neurolysis in such presentation, using an endoscopic
Keywords: approach.

Brachial plexus Materials and methods: All patients who underwent endoscopic BP neurolysis in the setting of infraclav-

Infraclavicular icular BP palsy due to GHJ dislocation were included. Preoperative physical examination was conducted

g:ll; gc;leySls to classify the observed motor and sensitive deficits into nerves and/or cord lesions. Six weeks after the
Endoscopy trauma, examination was repeated and endoscopic BP neurolysis was elected if no significant improve-
Arthroscopy ments were observed. If nerve ru.ptl.lres and/or severe damages were identiﬁgd d}lring surgery, nerve
Shoulder reconstructions were conducted within a month; in other cases, follow-up examinations were conducted
Glenohumeral at 6 weeks, 3 and 6 months to assess the course of postoperative recovery.

J];l;};cation Results: Eleven patients were included, including 6 men and 5 women, with a mean age of 43 + 23 years

(16;73). Six patients had at least one cord involved, four patients had isolated axillary nerve palsy, and
one patient had a complete BP palsy. In 7 patients with cord lesions and/or isolated axillary nerve palsy,
at least grade-3 strength, according to the British Medical Research Council grading system, was noted
in all affected muscles within 6 weeks following the neurolysis; after 3 months of follow-up, grade-4
strength was observed in all muscles, and all but patients but one had fully recovered within 6 months.
In 3 patients with isolated axillary nerve palsy, complete nerve ruptures (n=2) and severe damages (n=1)
were identified under scopic magnification; secondary nerve transfers were conducted to reanimate the
axillary nerve, and all patients fully recovered within a year. In one patient with complete BP palsy,
improvements started after 6 months of follow-up, and full recovery was yielded after 2 years. No intra-
and/or postoperative complications were noted.

Conclusions: At the cost of minimal additional morbidity, endoscopic BP neurolysis appears to be a safe
and reliable procedure to shorten recovery delays in most patients presenting with BP palsy due to GHJ
dislocation.
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Introduction Table 1

With an incidence rate varying from 11.6 to 80.5 cases per
100,000 persons per year, anterior dislocation of the glenohumeral
joint (GHJ) is a rather common injury, predominantly affecting
young and active patients [1,2]. In 5.4 to 55% of cases, con-
comitant palsy of the brachial plexus (BP) or one of its termi-
nal branches may occur [3]. Considering that such complications
severely worsen patients’ functional prognosis and that the risk of
permanent nerve damages depends on the delay of reduction, ini-
tial physical examination of patients suffering from GH] dislocation
should primarily focus on neurological lesions [4,5]. Due to their
anatomic location, all infraclavicular BP terminal branches may be
affected, including from most to least frequently involved the axil-
lary, ulnar, median, radial and musculocutaneous nerves [6,7]; if
such BP palsies are incomplete in the majority of cases, several
terminal branches are most commonly involved, corresponding to
cord lesions (i.e., anteromedial, anterolateral and posterior cords)
[8-12]. With the combination of traction and compression forces,
grade-I to grade-V lesions may be encountered, even if neurotmesis
lesions appear to be rather uncommon [10,11,13-15].

Since spontaneous recovery is observed in most cases, numer-
ous authors tend to consider these lesions as benign and ad-
vocate for non-operative managements [3,11,16,17]. However, very
long periods of time can be observed between the initial trauma
and full recovery, with permanent distal deficits requiring pallia-
tive surgeries in the most severe cases [16]. Furthermore, if nerve
reconstruction is not indicated to obtain satisfactory outcomes in
most palsies resulting from axonotmesis lesions, neurotmesis le-
sions should be repaired as soon as possible to improve chances
of recovery [10], and early differentiation between these two types
of lesions cannot be made without surgical exploration in some
cases [15].

With the recent advances in shoulder arthroscopic surgery,
standardized procedures have been described to perform extensive
dissections outside of the glenohumeral joint and expose the entire
infraclavicular BP [18-20]. Using such techniques, comprehensive
releases of all cords and terminal branches can be made, allow-
ing the identification and treatment of potential nerve compres-
sion sites, perineural soft-tissue adhesions as well as intraneural
lesions, at the cost of minimal surgical morbidity [19-21].

On the grounds of previously published literature [3,15,18,19,
22-24], we established a standardized algorithm to manage infr-
aclavicular BP palsies secondary to GH] dislocation, based on early
endoscopic BP neurolysis. The purpose of this study was to assess
the outcomes that such strategy could provide in patients show-
ing no significant signs of spontaneous recovery within 6 weeks
following the initial trauma.

Materials and methods
Population criteria

All patients who were referred to our institution from Novem-
ber 2017 to August 2019 in the setting of post-traumatic BP palsy
due to GHJ dislocation were included. Patients who demonstrated
significant clinical signs of spontaneous recovery within 6 weeks
following the initial trauma were excluded from the study.

Preoperative management

A comprehensive initial physical examination was conducted in
order to assess the muscular strengths of each muscle of the af-
fected upper limb and compare those to the contralateral side, us-
ing the British Medical Research Council (BMRC) grading system.
Monofilament testing was conducted upon both upper limbs as

Definitions of the lesions.

Neurological lesions* Motor deficits Sensitive deficits

Musculocutaneous
nerve palsy

Median nerve palsy

Ulnar nerve palsy

Axillary nerve palsy

Radial nerve palsy

Anterolateral cord palsy

Anteromedial cord palsy

Posterior cord palsy

Biceps brachii /
Brachialis

PT /| FCR/PL/
FPL | FDP2-3 |
FDS2-3-4-5 |
PQ / OP /| APB
Lombrical1-2

FCU | FDP4-5 |
Hypothenar
muscles [ 10 |
Lumbrical3-4 |
AP

Deltoid | Teres
minor

Triceps brachii /
BR / ECRL /
ECRB |
Supinator | ECU
| EPL | EPB |
APL | EDC [ EIP
| EDM
Muscle(s)
innervated by
the musculocu-
taneous nerve
AND

PT | FCR
Muscle(s)
innervated by
the median
nerve (apart
from PT and
FCR)

AND

Muscle(s)
innervated by
the ulnar nerve
Muscle(s)
innervated by
the axillary
nerve

AND

Muscle(s)
innervated by
the radial nerve

Palmar and
dorsal sides of
the forearm
lateral aspect
Palmar side of
the hand lateral
aspect [ thumb /
second finger /
third finger /
fourth finger
lateral aspect
Dorsal and
palmar sides of
the hand medial
aspect | fourth
finger medial
aspect | fifth
finger

Shoulder lateral
aspect

Dorsal side of the
arm | forearm |/
hand lateral
aspect

Musculocutaneous
nerve territory
AND

Median nerve
territory

Ulnar nerve
territory

AND

Palmar and ulnar
sides of the
forearm medial
aspect

Axillary nerve
territory

AND

Radial nerve
territory

Complete brachial
plexus palsy

Combination of motor and/or sensitive
deficits from all cords

PT: pronator teres; FCR: flexor carpi radialis; PL: palmaris longus; FPL: flexor pol-
licis longus; FDP: flexor digitorum profundus; FDS: flexor digitorum superficialis;
PQ: pronator quadratus; OP: opponens pollicis; APB: abductor pollicis brevis; FCU:
flexor carpi ulnaris; 10: interossei; AP: adductor pollicis; BR: brachioradialis; ECRL:
extensor carpi radialis longus; ECRB: extensor carpi radialis brevis; ECU: extensor
carpi ulnaris; EPL: extensor pollicis longus; EPB: extensor pollicis brevis; APL: ab-
ductor pollicis longus; EDC: extensor digitorum communis; EIP: extensor indicis
proprius; EDM: extensor digiti minimi.

* Nerve lesions were defined by ascertainment of at least one motor and/or sen-
sitive deficit in the nerve territory during clinical examinations; cord lesions were
defined by the combination of motor and/or sensitive deficits from two different
nerve territories.

well, grading the cutaneous sensitivity of the different nerve ter-
ritories from O (i.e., anesthesia - no sensitivity) to 2 (i.e., nor-
mal sensitivity - symmetric to the unaffected side), with grade-1
sensitivity corresponding to hypoesthesia (i.e., protection sensitiv-
ity). At the end of examination, motor and sensitive deficits were
synthetized and classified in nerve and/or cord lesions (Table 1).
In order to maintain passive ranges of motion and stimulate para-
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lyzed muscles, a rehabilitation program was established at the end
of consultation, associating standard and neuropathic pain medi-
cations, self-rehabilitation postural maneuvers and physiotherapy
sessions.

Six weeks after the trauma, physical examination was repeated
in order to decide whether or not the patient would undergo
arthroscopic BP neurolysis. In cases of satisfactory clinical recov-
ery, defined as grade-4 or higher muscular strength and grade-
1 or higher sensitivity in all the initially affected nerve territo-
ries, non-operative management was elected; rehabilitation was
resumed and clinical follow-up was conducted every 3 months un-
til full recovery was yielded. In patients demonstrating insufficient
clinical recovery (i.e., < grade-3 strength and/or grade-0 sensitiv-
ity), an electrophysiological (EDX) study of the affected upper limb
and a BP magnetic resonance imaging (MRI) scan were conducted
to confirm the palsy extent that had been clinically assessed and
look for prognostic information (e.g., denervation and/or reinner-
vation potentials on the EDX study; muscular denervation changes
and/or intraneural edema on the MRI scan). The MRI scan included
the ipsilateral shoulder to assess potential associated osteoarticular
and/or musculotendinous lesions. Several criteria were taken into
account to select either a conservative or an operative approach,
including the clinical extent and severity of the deficit, the course
of clinical recovery, as well as the EDX and MRI data (Fig. 1). When
patients were referred lately to our institution (i.e., more than 6
weeks after the dislocation), assessment of the course of clinical
recovery was based on data retrieved from medical reports of the
previous institution(s).

Surgical technique

With the patient set up in a beach chair position and axial trac-
tion applied upon the upper limb, surgery was performed under
general anesthesia without loco-regional anesthesia. All patients
were operated on by the senior author, using the technique pre-
viously described by Lafosse et al. [20].

Briefly, a posterior portal was first created in the shoulder soft
point to enter the scope in the GH joint, allowing the assessment
and management of articular and/or tendinous lesions. An instru-
mental anterolateral portal was then created in the rotator inter-
val, which was developed using an electrocautery probe. Dissec-
tion was resumed outside of the joint by creating successive ad-
ditional portals, medial to the shoulder, under scopic visualization.
The retropectoral and subclavicular spaces were developed to ex-
pose the infraclavicular BP, using the coracoid process, the conjoint
tendon and the upper border of the pectoralis minor as landmarks.
The axillary artery was used to identify the different cords (i.e., an-
terolateral, anteromedial and posterior). The subclavius muscle and
the pectoralis minor tendon were then transected to expose the
infraclavicular BP terminal branches, including the musculocuta-
neous, median, ulnar, radial and axillary nerves. The latter were re-
leased from any soft-tissue adhesions until they reached the retro-
coracoid space, so that their aspect and continuity could be as-
sessed under scopic magnification.

Postoperative care

The patient was discharged the day after surgery once active
bleeding and/or significant blood loss were ruled out by system-
atic postoperative blood count. The upper limb was placed in a
sling for 2 days to limit the risk of hematoma; after that, immo-
bilization was removed and the patient was told to use the op-
erated arm as much as possible for all daily living activities. As
soon as postoperative pain and swelling decreased, usually within
the week following surgery, rehabilitation was resumed using the
same protocol as preoperatively.

Two weeks after surgery, patients were seen in clinics to check
on surgical wounds and rehabilitation observance. If neurotmesis
lesions were identified during endoscopic exploration, secondary
nerve transfers were subsequently scheduled at this time. Other-
wise, physical examinations, as described above, were conducted
at 6 weeks, 3 months and 6 months after surgery in order to as-
sess postoperative clinical recovery.

Data collection

Before any data collection and/or analysis, the study was reg-
istered in the database register of the National Committee of
Computer Science and Liberties (i.e, Commission Nationale de
I'Informatique et des Libertés — CNIL; No 2217505 version 0). A
retrospective chart review was then conducted in accordance with
the ethical standards of the Declaration of Helsinki of 1964 and the
Methodology of Reference MR-003 [25].

An independant observer retrieved all pre- and postoperative
data, as well as intraoperative findings. In all cases, patients bene-
fited from GH]J reduction at other centers and were referred to our
institution secondarily. Subsequently, the characteristics of the dis-
location (e.g., date and type of GHJ dislocation, side of injury, delay
between GH]J dislocation and reduction, need of general anesthe-
sia for GH] reduction) were retrieved from the medical reports of
these previous centers. For clarity purpose, all motor deficits ob-
served in a nerve and/or cord territory during pre- and postoper-
ative examinations were summarized to a single BMRC grade per
territory; since surgical indication was based on the most severe
deficit, the lowest grade was used. Similar synthesis was conducted
for sensitive deficits, using the lowest sensitivity grade observed in
the affected upper limb to summarize the sensitivity of the entire
limb.

Results
Series characteristics

Twenty patients met our inclusion criteria. Among them, nine
patients completely recovered within 6 weeks following GH]J dislo-
cation and were subsequently excluded from the study; no patient
was lost during follow-up. Regarding the 11 remaining patients,
6 were male and 5 were female, with a mean age of 43 4 23 years
(16;73) at the time of trauma.

All patients had suffered from a first episode of anteroinferior
GH]J dislocation, which involved the right shoulder in 7 cases. Be-
fore undergoing endoscopic BP exploration, 6 patients had incom-
plete palsies involving at least one cord, 4 had an isolated palsy of
the axillary nerve and the last patient had a complete palsy of the
infraclavicular BP. With 6 patients who were referred lately to our
institution, a mean preoperative delay of 111 + 77 days (46;301)
was observed between the initial trauma and the release surgery;
details of patients’ preoperative characteristics are presented in
Table 2.

Surgical findings

During GH] exploration, degenerative posterosuperior rotator
cuff tears were identified in 2 patients; since none of them com-
plained of shoulder functional limitations before the dislocation,
no attempt of repair was undertaken. In one patient, a trau-
matic avulsion fracture of the greater tuberosity was identified (i.e.,
equivalent of shoulder terrible triad); however, due to late referral
(i.e., more than 9 months), cuff retraction up to the glenoid neck
level as well as spinati muscles fatty infiltration were identified on
the preoperative MRI scan; subsequently, no attempt of repair was
undertaken.
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BP palsy due to GH joint dislocation

]

Initial clinical assessment

Rehabilitation 6 weeks

Secondary clinical assessment

' 4 )"

> Grade-4 strength < Grade-3 strength
AND OR
> Grade-1 sensitivity Grade-0 sensitivity
] ]
Rehabilitation EMG study
MRI scan

,

Distal motor / sensitive deficits (i.e., hand / forearm involvement)

OR
Grade-0 strength in > 1 muscle(s)
OR
No recovery after > 6 weeks of follow-up
OR

Severe denervation signs / Mild reinnervation signs on the EDX study / MRI scan

Endoscopic BP neurolysis

' 4 )"

Severely damaged / Ruptured nerves Satisfactory nerve aspect
Early nerve transfer Rehabilitation

Fig. 1. Therapeutic algorithm regarding patients suffering from infraclavicular BP paralysis secondary to GH joint dislocation.
BP: brachial plexus; GH: glenohumeral; EDX: electrophysiologic; MRI: magnetic resonance imaging.
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Table 2
Series characteristics.
Patients (No) 11
Age (years) 43 £+ 23 (16;73)
Sex ratio (M/F, No) 6/5
Dominance (R/L, No) 8/3
Glenohumeral dislocations
Dominant side (No) 9
Anteroinferior direction (No) 11
Delay between trauma and reduction (hours) 6.5 + 7.5 (1;24)
Reduction under general anesthesia (No) 4
Concomitant lesions (No)
Greater tuberosity fracture
Bony-Bankart lesion 1
Rotator cuff tear 3
Infraclavicular brachial plexus palsies (No)
Delay between trauma and first consultation (days) 75 + 77 (6;272)
Delay between trauma and brachial plexus neurolysis (days) 111 £ 77 (46; 301)
Types of palsy (No)
Isolated axillary nerve palsy 4
Cord palsy 6
Posterior cord & ulnar nerve 1
Anteromedial cord & posterior cord 4
Anteromedial cord & anterolateral cord & radial nerve 1
Complete palsy 1
No: number of cases/patients in absolutes values; Male: male; F: female; R: right; L: left.
*Data are presented as mean + standard deviation (interval), unless otherwise stated.
Table 3

Postoperative findings following arthroscopic brachial plexus neuroly-
sis in the setting of brachial plexus palsy due to glenohumeral dislo-

cation.
Groups Findings Number of cases
A Early postoperative improvements 7
B Early indication for nerve transfer 3
C Absence of benefit 1

In all cases, severe adhesions were found outside of the anterior
and medial aspects of the glenohumeral joint, sheathing the infr-
aclavicular BP and/or its terminal branches. Precautious and pro-
gressive dissection allowed exposing all cords and nerves in all pa-
tients. In 2 patients presenting with an isolated palsy of the ax-
illary nerve, neurotmesis lesions (i.e., Sunderland grade-V lesions)
were identified; in a third patient with similar clinical presenta-
tion on initial examination, the axillary nerve appeared to be very
damaged under scopic magnification and felt “empty” when pal-
pated with the smooth end of an arthroscopic switching stick. No
intraoperative or postoperative complications were reported.

Clinical outcomes

Based on the observed outcomes following endoscopic BP neu-
rolysis, three groups of patients could be distinguished, as outlined
in Table 3.

In 7 patients (i.e.,, group A), clinical improvements were ob-
served in all the affected nerves and/or cords within 6 weeks fol-
lowing the neurolysis, with at least grade-3 strength noted in all
muscles (Table 4). These patients demonstrated at least grade-4
strength in all muscles after 3 months of follow-up, and all but one
yielded full recovery, both motor and sensitive, within 6 months
after the neurolysis. Due to late referral, the patient with persis-
tent deficits at the 6-months follow-up visit had undergone arthro-
scopic BP neurolysis almost 10 months after GHJ dislocation (Pa-
tient 7 - Table 4). If shoulder and elbow functions completely re-
covered, lesser grip strength was noted in the affected hand than
in the contralateral hand on Jamar testing; since she did not com-
plain about any functional limitations, no additional procedures
were performed towards the hand.

In 3 patients (i.e., group B), the endoscopic BP exploration led
to schedule early double nerve transfers to reanimate the axil-
lary nerve anterior branch and the teres minor motor branch, us-
ing triceps brachii motor branches through an axillary approach
[26]. Regarding the two patients with neurotmesis lesions, nerve
transfers were performed within a month following the neuroly-
sis procedure. The last case was performed in a patient who had
been referred lately to our institution (i.e., 102 days), suffering
from complete palsies of both the deltoid and teres minor mus-
cles with no signs of recovery on initial clinical examination; as
previously stated, severe axillary nerve damages were noted un-
der scopic magnification. After 3 months of follow-up, considering
postoperative clinical improvements not satisfactory (i.e., grade-1
deltoid strength and grade-O teres minor strength), a secondary
double nerve transfer was elected. Intraoperatively, stimulation of
the axillary nerve triggered a weak response in the deltoid and
teres minor muscles; subsequently, end-to-side transfers were per-
formed to both motor branches (i.e., supercharge transfers). Full re-
covery (i.e., grade-5 deltoid and teres minor strengths) was noted
within 12 months following nerve transfers in all three patients.

In 1 patient presenting with a complete BP palsy on initial ex-
amination (i.e., group C), no postoperative improvements were ob-
served within the first 6 months of follow-up, despite the absence
of nerve ruptures and/or severe damages noticed during endo-
scopic exploration. After 6 months, recovery started at the shoul-
der (i.e., grade-2 deltoid strength) and progressed distally towards
the hand over 18 months. After 2 years of follow-up, at least grade-
4 strength was observed in all muscles, with the exception of
hand intrinsic muscles. Tendon transfers were subsequently per-
formed, including Zancolli lassos to restore long fingers metacar-
pophalangeal joint flexion, extensor pollicis brevis to first palmar
interosseous to reinforce the thumb-index pinch, and an extensor
indicis proprius opponensplasty.

Secondary procedures

In addition to the nerve and tendon transfers previously ex-
posed, 2 patients with irreparable posterosuperior rotator cuff
tears underwent reverse shoulder arthroplasty, including one
patient who had benefited from end-to-end nerve transfers of
triceps motor branches to the axillary nerve, with grade-4 del-
toid strength after 11 months of follow-up. Arthroplasties were
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Table 4
Characteristics of patient presenting early improvements following endoscopic brachial plexus neurolysis.
Preoperative Follow-up findings Additional
Patients Initial presentation delay (days) 6 weeks 3 months 6 months procedures
1 Posterior cord - 2/5 50 Posterior cord - 4/5 Posterior cord - 5/5 Posterior cord - 5/5 -
Anteromedial cord - 2/5 Anteromedial cord - 4/5 Anteromedial cord - 5/5 Anteromedial cord - 5/5
Sensitivity - 1/2 Sensitivity - 2/2 Sensitivity - 2/2 Sensitivity - 2/2
2 Posterior cord - 0/5 75 Posterior cord - 3/5 Posterior cord - 4/5 Posterior cord - 5/5 -
Anteromedial cord - 2/5 Anteromedial cord - 4/5 Anteromedial cord - 4/5 Anteromedial cord - 5/5
Sensitivity - 0/2 Sensitivity - 2/2 Sensitivity - 2/2 Sensitivity - 2/2
3 Anterolateral cord - 0/5 82 Anterolateral cord - 5/5 Anterolateral cord - 5/5 Anterolateral cord - 5/5 -
Anteromedial cord - 0/5 Anteromedial cord - 3/5 Anteromedial cord - 4/5 Anteromedial cord - 5/5
Radial nerve - 2/5 Radial nerve - 5/5 Radial nerve - 5/5 Radial nerve - 5/5
Sensitivity - 1/2 Sensitivity - 1/2 Sensitivity - 1/2 Sensitivity - 2/2
4 Posterior cord - 0/5 47 Posterior cord - 4/5 Posterior cord - 5/5 Posterior cord - 5/5 -
Ulnar nerve - 2/5 Ulnar nerve - 4/5 Ulnar nerve - 5/5 Ulnar nerve - 5/5
Sensitivity - 1/2 Sensitivity - 1/2 Sensitivity - 2/2 Sensitivity - 2/2
5 Posterior cord - 0/5 48 Posterior cord - 3/5 Posterior cord - 5/5 Posterior cord - 5/5 -
Anteromedial cord - 0/5 Anteromedial cord - 3/5 Anteromedial cord - 4/5 Anteromedial cord - 5/5
Sensitivity - 0/2 Sensitivity - 2/2 Sensitivity - 2/2 Sensitivity - 2/2
6 Axillary nerve - 0/5 140 Axillary nerve - 3/5 Axillary nerve - 4/5 Axillary nerve - 5/5 -
Sensitivity - 1/2 Sensitivity - 1/2 Sensitivity - 2/2 Sensitivity - 2/2
7 Posterior cord - 1/5 302 Posterior cord - 4/5 Posterior cord - 4/5 Posterior cord - 5/5 Reverse
Anteromedial cord - 0/5 Anteromedial cord - 3/5 Anteromedial cord - 4/5 Anteromedial cord - 4/5 shoulder
Sensitivity - 0/2 Sensitivity - 1/2 Sensitivity - 2/2 Sensitivity - 2/2 arthroplasty

* Strength was graded using the British Medical Research Council grading system; for clarity purpose, the grade reported in front of the nerve/cord corresponds to the
grade of the most affected muscle innervated by this nerve/cord. Sensitivity was graded O (i.e., anesthesia), 1 (i.e., hypoesthesia) or 2 (i.e., normal sensitivity); for clarity

purpose, the reported grade corresponds to the worst sensitivity that was observed in the cutaneous territory of the affected nerve/cord.

performed after at least one year following the last procedure (i.e.,
endoscopic neurolysis or nerve transfer) for septic considerations
and to favor deltoid reinforcement. Satisfactory outcomes were ob-
served in both cases, with at least 120° and 30° of active shoulder
flexion and external rotation, respectively.

Discussion

In this study, we reported our strategy regarding the manage-
ment of traumatic infraclavicular BP palsies following GH] dislo-
cation, based on early endoscopic BP neurolysis. If such proce-
dure did not provide significant benefit to the natural course of
recovery in one case, early and fast postoperative improvements
were observed in 7 patients, yielding satisfactory function within 6
weeks after the surgery in all cases and complete recovery within
6 months in all patients but one. In addition, we were able to
schedule early nerve transfers in patients with neurotmesis and/or
severe axonotmesis lesions. However, several essential points still
need to be clarified, starting with the very basis of such strategy.

Indication of early BP exploration

If the different characteristics of infraclavicular BP palsies fol-
lowing GH] dislocations are widely described, few authors pro-
posed an explicit algorithm regarding the indication of surgical ex-
ploration [3]. When considering the literature referring to other
post-traumatic nerve injuries, several authors advocate for early
neurolysis as the first step of surgical management [22]. As an
example, Keighley and colleagues, based on a complete recovery
rate of 100% after 6 to 8 months of follow-up, recommended to
perform systematic radial nerve releases in patients presenting ra-
dial nerve palsies secondary to middle and distal humerus frac-
tures [23]. Similarly, in their series of 122 patients suffering from
iatrogenic peripheral nerve lesions, Rasulic et al. observed 85.4% of
satisfactory recovery in 48 patients who underwent nerve explo-
ration within the first 6 months, against 67.6% in the 74 patients
who were operated on after this delay [24].

If such attitude is not commonly adopted in cases of infraclav-
icular BP palsy due to GHJ dislocation, it is primarily related to

the fact that, provided that a sufficiently long period of follow-up
is respected, spontaneous recovery is more often observed in this
particular type of post-traumatic palsies than in others [9,27-29].
Except in cases of high-energy trauma and/or associated fractures,
the risk of nerve rupture is low due to the blunt aspect of the
humeral head as well as the anatomical characteristics of the in-
fraclavicular BP (e.g., distant from the exit of the spinal cord, no
anatomical fixation point) [15,30,31]. Subsequently, very satisfac-
tory complete recovery rates have been reported by different au-
thors, varying from 75 to 100% [9,16,32]. However, the delays of re-
covery displayed in these studies could be rather significant, vary-
ing from a few weeks in patients with simple neurapraxia lesions
to 23 months in patients with axonotmesis lesions [16,32]. Further-
more, other authors noted that nerve reconstruction was required
in only 13 to 18% of patients presenting such palsies, with preoper-
ative delays most commonly superior than 3 months 11,33,34]. In
the present series, much shorter delays were observed, with grade-
3 strength observed in all affected muscles within 6 weeks follow-
ing the release in 7 patients with axonotmesis lesions. Moreover, in
the 3 patients who required nerve reconstructions, the latter were
performed within the first 3 months following the dislocation in
all cases.

Timing of surgery

Timing for surgical exploration remains controversial in post-
traumatic nerve palsies, since the physician has to find the right
compromise between allowing spontaneous nerve regeneration
and preventing irreversible motor end plate losses with subse-
quent muscular atrophy [35]. Accordingly, numerous studies rec-
ommended delaying surgical management at least 3 to 6 months
after the initial trauma [33,36,37], while others authors advised to
avoid waiting more than 6 to 9 months [38,39]. For example, Bat-
tiston and colleagues considered that the optimal interval between
the trauma and operative intervention is 5.4 months [40]. How-
ever, early surgical exploration, undertaken within 3 months after
the trauma, seems to be supported by a growing number of au-
thors [3,10,40,41].
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In this series, we respected an interval of 6 weeks to avoid op-
erating on patients with neurapraxia and/or mild axonotmesis le-
sions who would have spontaneously recovered satisfactory func-
tion within a short period of time. Meanwhile, this also prevents
from long-lasting follow-up periods whose effects might be sub-
stantial in terms of social impact, which can be dramatic in young
and active patients, but also in terms of motor end plate degen-
eration, which starts very early after the trauma [42]. Such short
time frame for surgical exploration has already been proposed in
cases of isolated axillary palsies without recovery within 2 months
following the trauma, in order to look for nerve ruptures [11].

Underlying pathophysiology

Based on the work of Brown, early surgical nerve release has
been assumed to avoid the occurrence of scar tissues surrounding
otherwise healthy nerve fascicles, leading to further aggravation of
clinical symptoms [43]. Following GHJ dislocations, in addition to
the compression and traction axonal injuries directly related to the
humeral head impact onto the infraclavicular BP, perineural adhe-
sion formations develop from the post-traumatic hematoma, ag-
gravating local BP compression and degrading its gliding proper-
ties [10]. By excising the scar tissues, neurolysis recreates a more
favorable environment for the nerves. In this series, clinical im-
provements were noticed in all patients from group A almost im-
mediately after they woke up from surgery. Subjective improve-
ments were major, with complete vanishing of the compression
sensations at the proximal aspect of the arm and tremendous de-
crease of paresthesia that patients described preoperatively. More-
over, very early sensitive and/or motor improvements were no-
ticed as well in most cases, either immediately after surgery or
at the 2-weeks follow-up consultation. We believe that this group
of patients most probably suffered from “refractory” neurapraxia
with mild axonotmesis lesions, which presentation was substan-
tially worsened by the perineural fibrosis that was removed during
surgery.

Although patients with neurotmesis lesions are rather rare
[7,11,17,33], such procedure is particularly beneficial to them since
there is no chance to obtain any functional improvements with-
out nerve reconstruction [15]. Early ascertainment of nerve dis-
continuity thus allows performing nerve transfers in a very short
time frame. Similarly, in cases of preserved nerve continuity, visu-
alization of severe nerve damages during endoscopic exploration
as well as the absence of early improvements despite a compre-
hensive nerve release are strong arguments for the physician to
perform an early nerve reconstruction. The benefits of such early
operative interventions include prevention of clinically significant
end plate losses, alleviation of neuropathic pain and limitation of
the risk of neuroma formation [3]. In patients from group B, with
all nerve reconstructions performed within 3 months following the
initial trauma, full recovery was yielded within the first year fol-
lowing the nerve transfer.

Limitations of the technique

In this series, one patient did not show any improvement
following the neurolysis (i.e., group C). Functional improvements
started 6 months after the trauma and a progressive recovery
was observed over 18 months of follow-up, in a proximal-to-distal
fashion. We believe that this patient suffered from moderate ax-
onotmesis lesions (i.e., Sunderland type-III lesions), which are, in
our opinion, one of the primary limitations to this technique, es-
pecially when no obvious signs of damage are visible on the nerve
superficial aspect. Indeed, since axonal regeneration is mandatory
to allow satisfactory muscle activity, releasing perineural scar tis-
sues is not sufficient in this particular type of lesions to obtain

early functional improvements [16]. Furthermore, the superficial
nerve sheath is most often preserved in such lesions, precluding
the endoscopic identification of intraneural lesions [35].

Another limitation of this technique is its inherent technical-
ity and the subsequent long learning curve that is required to per-
form it safely [19-21]. Since one of the main arguments support-
ing this procedure is its minimal morbidity, it is of primary impor-
tance that the surgeon performing it is experienced in both nerve
surgery and shoulder endoscopic dissections conducted outside of
the glenohumeral joint. In addition, due to extensive scar tissues
and shoulder stiffness, BP neurolysis in such post-traumatic indi-
cations is rather difficult. Spaces between the conjoint tendon and
pectoralis minor and/or between the conjoint tendon and the sub-
scapularis were sometimes difficult to localize because of severe
adhesions. In most of the cases, thick scar tissue surrounded the
nerves and artery in front of the subscapularis. The greatest risk is
to damage the axillary artery or one of its branches, thus result-
ing in bleeding that may be difficult to control. We would recom-
mend extreme caution while performing the procedure; if any ex-
cessive technical difficulty is faced, endoscopy should be stopped
and surgery should be resumed in an open fashion. Furthermore,
endoscopic neurolysis has been previously used in nerve compres-
sion syndromes, such as suprascapular neuropathies and neuro-
genic thoracic outlet syndromes [20,21,44], as well as in benign
tumoral cases [19]. With the absence of any scar tissues and/or
perineural adhesions, endoscopic dissection is relatively straight-
forward in these non-traumatic indications, and may thus be a
more adequate option at the beginning of experience.

Finally, the main shortcoming of such endoscopic approach may
lie in the very limited possibilities to perform anything else than
the dissection itself. If intraneural dissection has been demon-
strated feasible and successful [19], to the best of our knowledge,
no nerve repair has been performed yet with the use of standard
arthroscopic equipment, subsequently precluding suture nerve su-
tures as well as nerve grafts and/or transfers. With robotic as-
sistance and customized equipment (e.g., needle holder, clamp,
scissors forceps...), the feasibility of performing such microsurgi-
cal procedures endoscopically has been demonstrated in cadaveric
experimentations [45]. However, the relevance of such expensive
technology has yet to be proved in clinical practice, since open
conversion was required in all patients who underwent robot-
assisted BP reconstruction [46,47]. Nonetheless, design of new mi-
crosurgical tools, based on those used with the Da Vinci robot but
tailored to standard arthroscopic equipment, could be a potential
way to further push the technical limits of this technique and sub-
sequently increase its indications.

Limitations of the study

The main shortcoming of the study relies in the lack of a
control group. Considering the rarity of such presentations, un-
questionable statistical evidence seems unrealistic to yield in a
monocentric study. Furthermore, due to the paucity of the exist-
ing literature, no gold-standard approach exists yet to be compared
with. In addition, even though no statistical comparaison could be
made due to smallness of our sample, the complete absence of
clinical improvement that we observed in patients who were re-
ferred lately, despite several months of conservative treatment in
some cases, contrasted with the very satisfactory outcomes that
we noted very early after surgical management in the great ma-
jority of cases (i.e., 7 patients over 8 who did not need nerve re-
construction). Based on those outcomes, a multicentric prospective
comparative trial is currently underway, in order to more precisely
assess the potential benefits and limitations of such early surgi-
cal management in comparison with traditional conservative treat-
ment. Finally, considering that the data were retrieved from the
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pre- and postoperative examinations of the operating surgeon, an
observational bias cannot be excluded.

Conclusions

In the setting of BP palsy due to GHJ dislocation, endoscopic BP
neurolysis appears to be a safe and reliable procedure when per-
formed by a shoulder surgeon experienced in peri-articular endo-
scopic dissection. When performed early, substantial benefits were
observed in the great majority of patients at the cost of minimal
additional surgical morbidity. Subsequently, we believe that such
procedure should be considered as an additional therapeutic op-
tion in the management of patients with BP palsy due to GHJ dis-
location when no signs of early clinical improvement are observed.
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