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Posttraumatic axillary nerve neuropathy is a widely spread pathology, more often seen after shoulder joint trauma. It can also occur as
a complication after orthopaedic surgeries, for example, after Latarjet procedure for shoulder stabilization. The technique of open axillary nerve
decompression is very popular but has a number of disadvantages: large trauma of soft tissue, severe bleeding, high rate of complications, poor
cosmetic effect. Endoscopic surgical technique of decompression is an effective, less traumatic alternative to open procedures.

To improve the outcomes of treatment of patients with axillary nerve neuropathy.

We present the outcomes of endoscopic transcapsular axillary nerve decompression in 5 patients with a clinical picture of
neuropathic pain syndrome, hypoesthesia in the deltoid area, hypotrophy of the deltoid muscle, who were operated from 2018 to 2021. The mean age
of the patients was 44.4+14.9. An original surgical technique of decompression, which included arthroscopy of the shoulder joint with diagnostic and
treatment components and transcapsular endoscopic axillary nerve decompression in the beach-chair position, was developed and applied to all the
patients. Statistical analysis was performed using the MannWhitney U test.

According to VAS-scale, the severity of pain syndrome before the surgery was 64.6 points, 6 months after surgery it decreased to 1.4*0.5
points (p<0.05). According to DASH scale, the function of the of shoulder joint before surgery was 77,6£6,9 points, 6 months after surgery it increased to
12#5,2 points (p<0.05). According to BMRC scale (M0O-M5), strength of the deltoid muscle before surgery was 2%0,4 points, after surgery it increased to
4,4%0,5 points (p<0.05). Range of motion in the shoulder joint before surgery was as follows: flexion 107+45,6°, extension 102£49°, external rotation
22#13,6°; 6 months after surgery: flexion 154£25,6°, extension 156%22,4°, external rotation 50+8° (p<0,05). The thickness of the middle portion of the
deltoid muscle according to ultrasound examination before the surgery was 7.2¥1.04 mm, after surgery 11.8%1.44 mm (p<0.05). All the patients (100%)
during long follow-up noticed complete relief of pain and regression of neurological symptoms.

The achieved results allow us to characterize the method of endoscopic transcapsular decompression as a reproducible, minimally
invasive and highly effective technique providing pain relief to patients, curing neurological and intraarticular pathology, thus promoting early
restoration of the upper limb function in the treated group of patients.
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INTRODUCTION AND RELEVANCE OF THE PROBLEM

Peripheral nerve injuries are a common and urgent problem in modern medicine [1]. Posttraumatic axillary
nerve neuropathy most often occurs after humeral head dislocation (from 5 to 54% of cases) [2]. In some cases,
axillary nerve injuries are possible when performing traumatological and orthopedic surgeries: the Latarjet
technique for shoulder stabilization (up to 1.8% of cases), osteosynthesis for proximal humerus fractures,
shoulder joint replacement (up to 1% of cases) and other operations [3-5]. Currently, due to the growth of
household, industrial and transport injuries, development of extreme sports, there is an increase in the number of
injuries of peripheral nerves, including the axillary one [6]. Clinically, damage to the axillary nerve is manifested
by weakness and hypotrophy of the deltoid muscle, impaired sensitivity with the development of a persistent pain
syndrome. Due to the complex anatomy of the shoulder, axillary nerve injuries are often combined with trauma to
the structures of the shoulder joint: glenoid labrum, rotator cuff (RC), humeroscapular ligaments, the long head
of the biceps brachii (LHB) tendon [7]. The treatment for axillary nerve neuropathy begins with conservative
methods: exercise therapy, physiotherapy, vitamin therapy, anticholinesterase drugs, etc. Conservative therapy,
as a rule, gives a good clinical effect and restoration of nerve function, however, in 10-15% of cases, surgery has
to be resorted to [8].

The standard intervention for post-traumatic neuropathy of the axillary nerve is decompression from an
extended skin incision (10-15 c¢cm) with traction of large muscle groups. With the development of endoscopic
techniques, the question arose about the possibility of performing endoscopic decompression, its advantages over
open surgery, clarification of indications and comparison of treatment outcomes. Thus, according to the
conducted meta-analyses, the endoscopic technique is not inferior in efficiency to open decompression, and at
the same time allows surgeons to reduce the duration of disability, improve cosmetic results, reduce the amount
of analgesics in the postoperative period, and examine the nerve trunk over a longer area. Minimally invasive
endoscopic access has a number of advantages compared to open surgery: less tissue trauma, better cosmetic
effect, low risk of recurrence, and the possibility of simultaneous correction of intraarticular pathology.
Therefore, the features of the axillary nerve anatomy, the complexity of surgical access to the middle third of the
nerve trunk, the frequent combination of neuropathy with intraarticular pathology indicated the high relevance
of our study and the development of the combined endoscopic surgical technique.

Aim of the study: to improve the results of surgical treatment of patients with posttraumatic axillary
neuropathy.



MATERIAL AND METHODS

Our study included 5 patients with posttraumatic axillary nerve neuropathy, who underwent surgery on the
basis of the V.M. Buyanov Moscow City Clinical Hospital from 2018 to 2021. In all cases of observation,
neuropathy was combined with intraarticular pathology. Before surgery, conventional conservative therapy was
carried out for at least 3 months, which included electromyostimulation, exercise therapy, physiotherapy, vitamin
therapy, and anticholinesterase drugs intake. In all the cases, there was no effect of conservative treatment.

The decision on the issue of surgical intervention was made by a council of traumatologist-orthopedist and
neurosurgeon at the V.M. Buyanov Moscow City Clinical Hospital. Clinical examination included assessment of
neurological and orthopedic status. Pain intensity was assessed using the visual analog scale (VAS) scale;
shoulder joint function — the Disability of the Arm, Shoulder and Hand (DASH) function score; deltoid weakness -
the British Medical Research Council (BMRC) scale (M0—M5). The amplitude of movements in the shoulder joint
was also measured [9-11]. For additional examination, radiography of the shoulder joint in two projections,
magnetic resonance imaging of the shoulder joint, ultrasound examination of the axillary nerve, and stimulation
electroneuromyography (ENMG) of the nerves of the upper limb were performed.

The above volume of clinical and instrumental examination made it possible to determine the degree and
level of damage to the axillary nerve, to identify concomitant intraarticular pathology. In all the cases, the
anatomical integrity of the axillary nerve with signs of its compression in the area of the articular process of the
scapula was confirmed. To assess the degree of hypotrophy of the deltoid muscle, ultrasound with the
measurement of muscle thickness in the region of the middle bundle was performed. To do this, the ultrasonic
sensor was placed longitudinally to the fibers of the deltoid muscle in the middle of the lateral edge of the
acromial process of the scapula, and the thickness of the muscle was measured at a distance of 3 cm from the
outer edge of the acromion process of the scapula.

Our study included 5 men with posttraumatic axillary neuropathy. The mean age of the patients was 44.4¥14.9
years. According to the VAS assessments, the intensity of the pain syndrome before surgery averaged 71 cm.
According to the DASH score, the function of the shoulder joint before surgery was 77.6+6.9 points. According to
the BMRC scale (M0-M5), the strength of the deltoid muscle before surgery was 2+0.4 points. The range of
motion in the shoulder joint before surgery was as follows: flexion, 107+45.6°; extension, 102+49°; external
rotation 10+9.6°. The thickness of the middle bundle of the deltoid muscle according to ultrasound data before
surgery averaged 7+0.8 mm, 6 months after surgery — 10.6=1.1 mm (p<0.05). The patient age, the etiology of
damage, as well as concomitant articular pathology are presented in Table 1.

Table 1
General characteristics of patients, concomitant joint pathology, and type of surgical procedure
Patient Etiology of Period of conservative Concom|tanF |ntraartlcular pathology (MRI + Content of surgery
neuropathy treatment, months diagnostic arthroscopy)
1.ChA. 38 Humeral head Tenosynoyltls of the biceps tendor}, Nerve decompression, biceps tenotomy, labrum
years old . . 3 degenerative changes of the glenoid X
dislocation debridement
labrum
2.T.D, 34 the Latariet Degenerative changes of the glenoid Nerve decompression, labrum debridement,
years old ] 6 labrum, chondromalacia of the glenoid and debridement of areas of chondromalacia of the
procedure X
humeral head glenoid and humeral head
3.MV., 74 Massive RC tears, tenosynovitis of the

years old Humeral head 3 biceps tendon, degenerative changes of the

dislocation glenoid labrum

Nerve decompression, biceps tenotomy, labrum
debridement, subacromial spacer placement

4.P1,24 Habitual dislocation . . . Nerve decompression, anterior glenoid labrum
6 Avulsion of anterior glenoid labrum N

years old of the humeral head refixation

5.T.D, 52 Humeral head 3 RC tendon avulsion, degenerative changes Nerve decompression, RC suture, labrum

years old dislocation of the glenoid labrum debridement,

Note: RC - rotator cuff; MRI - magnetic resonance imaging



SURGICAL TECHNIQUE

The technique of combined endoscopic intervention implies simultaneous orthopedic (shoulder joint
arthroscopy) and neurosurgical (endoscopic nerve decompression) components. The surgery was performed with
the patient in the beach-chair position under general anesthesia (endotracheal anesthesia) (Fig. 1).

Standard 30° arthroscopes and equipment for arthroscopy of large joints were used (Fig. 2).

== .
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Fig. 1. Beach-chair position for performing shoulder arthroscopy and Fig. 2. Set of instruments for shoulder arthroscopy and endoscopic
endoscopic transcapsular axillary nerve decompression nerve decompression

Access to the joint cavity began with the installation of a standard posterior portal placement in the “soft
spot” area [12]. Diagnostic arthroscopy of the shoulder joint was performed with assessment of intraarticular
structures (Fig. 3).

After the diagnostic stage of arthroscopy, the therapeutic stage for intraarticular pathology was carried out.
This included tenotomy in cases of tenosynovitis and long head of the biceps tendon trauma (Fig. 4), restoration
of the RC in case of injury, debridement in case of degenerative changes of the glenoid labrum, debridement and
abrasion chondroplasty with a shaver and ablator in case of chondromalacia of the humeral head and (or) articular
process of the scapula.

Fig. 3. Endoscopic view of the shoulder joint. 1 - Glenoid. 2 — Fig. 4. Performing long head of biceps tenotomy
Humeral head. 3 - Degenerated posterior labrum

In one case, a massive nonrepairable rupture of the tendon of the rotator cuff was revealed, in this connection
a subacromial spacer was implanted [13] (Fig. 5).

Fig. 5. Stages of subacromial spacer implantation in case of massive rotator cuff rupture
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After arthroscopic sanitation of the joint cavity, we proceeded to perform access to the axillary nerve. The
arthroscope was transferred to the region of the lower pocket of the shoulder joint. An additional posterior
external approach was performed under the control of a spinal needle (Fig. 6).

A working portal was formed along the direction of the needle; a working instrument was inserted into it (Fig. 7).

Access to the axillary nerve was carried out by dissecting the inferior capsule with sequential separation of
scar tissues (Fig. 8).

Fig. 6. A — Spinal needle insertion in projection of posterolateral portal. B — Visualization of the needle tip in the joint

[P

Fig. 8. Inferior capsulotomy and axillary nerve approach

Fig. 7. Position of the arthroscope and the working instrument
during nerve decompression

In all the cases, compression of the axillary nerve by coarse scar tissue was detected. In order to decompress
it, external decompression was performed in this area (Fig. 9).

Fig. 9. Axillary nerve and its branches after decompression



In the postoperative period, dressings, analgesic, antiplatelet, metabolic, vascular, neurotropic and vitamin
therapy were performed. Movement in the joint was allowed the next day after surgery. Electromyostimulation
was resumed immediately after surgery. Courses of exercise therapy and physiotherapy began, as a rule, 2 weeks
after the healing of postoperative wounds. In all the patients, the wounds healed by primary intention, the
sutures were removed on average on the 10th day. In the case of RC suture and glenoid labrum refixation
(patients No. 4 and No. 5), immobilization in a kerchief orthosis was indicated for 4 weeks. There were no
complications in the early and late postoperative periods.

OUTCOMES

The follow-up clinical examination of the patients was carried out 3 and 6 months after surgery. A control
ultrasound of the deltoid muscle was performed. ENMG stimulation was performed 6 months after surgery.

At the control examination after 3 months, the patients noted a decrease in pain, an increase in the range of
motion in the shoulder joint, and regression of neurological disorders. VAS pain score was 2.8+1.04 cm. DASH
score was 28.6+8.9 points. According to BMRC scale (MO-M5), the strength of the deltoid muscle increased to
grade 3.2#0.64. The range of motion in the shoulder joint increased and amounted to: flexion 143+31.4°,
extension 143%30.4°, external rotation 38+8.4°. The thickness of the medial bundle of the deltoid muscle,
according to ultrasound data, increased to 8.8+0.96 mm.

At the control examination after 6 months, all the patients noted a significant decrease in pain in the shoulder
joint, restoration of its function. Clinically, there was an increase in the range of motion in the shoulder joint, an
increase in the volume of the deltoid muscle, and restoration of sensitivity in the deltoid region. VAS pain score
was 1#0.4 cm (p<0.05). DASH score was 28.6%8.9 points (p<0.05). According to the BMRC scale (M0-M5), the
strength of the deltoid muscle increased to 4.6+0.48 points (p<0.05). The range of motion in the shoulder joint
increased and amounted to: flexion 154#25.6°, extension 156%22.4°, external rotation 50%8° (p<0.05). The
thickness of the medial bundle of the deltoid muscle, according to ultrasound data, increased to 10.6+1.12 mm
(p<0.05). During ENMG stimulation, positive dynamics was noted in the form of an increase in the amplitude of
the M-response.

Table 2 shows the dynamics of changes in the above parameters with assessment of statistical significance.
Table 2
Changes in the studied parameters after surgery

Parameters Before surgery 3 months after surgery 6 months after surgery Significance level, p

p1<0,05
Pain syndrome (VAS) 7 2,8 1 p2<0,05
p3<0,05

p1<0,05
77.6 28.6 12 p2<0,05
p3<0,05

Upper limb dysfunction
(DASH)

p1<0,05
Deltoid Strength (BMRC) 2 32 46 2<0,05
ps<0,05

p1=0,07
Flexion 107 143 154 p2<0,05
p3<0,05

p1<0,05
Extension 102 143 156 p=0,1
p3<0,05

p1<0,05
External rotation 22 38 50 p2<0,05
ps<0,05

p1<0,05
Deltoid thickness 7 8.8 10.6 p2<0,05
p3<0,05

Notes: p; is the significance level of parameter change from the moment of surgery to 3 months after surgery; p; is the significance level of parameter change from
3 to 6 months after surgery; ps is the significance level of parameter change from the moment of surgery to 6 months after surgery
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Changes in the parameters (pain syndrome, degree of dysfunction, strength and thickness of the deltoid
muscle) after surgery are shown in Fig. 10.

The change in the range of motion in the shoulder joint is shown in Figure 11.
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Fig. 10. Changes in the studied parameters after surgery surgery

A clinical outcome after surgery is shown in Figure 12 - there is a restoration of the volume and contour of the
deltoid muscle 6 months after surgery.

;
Fig. 12. Restoration of volume and contour of the deltoid muscle after surgery.
A — Before surgery, B — 6 months after surgery

DISCUSSION

The release of the nerve trunk from the scar tissue while maintaining its anatomical integrity is an effective
and long-established surgery. Thus, according to the literature, after open axillary nerve decompression, 92% of
the treated patients noted an improvement [14-18]. Nerve decompression leads to the restoration of the
conduction of the electrical impulse along the axons, and blood supply improves.

The incidence of postoperative complications in the endoscopic intervention group is lower compared to the
open approach one. Thus, according to H.S. Vasiliadis et al., the complication rate for open decompression is 122
cases per 1000 surgeries versus 76 cases per 1000 surgeries for endoscopic intervention [19-21]. Studies on
endoscopic nerve decompression (sciatic, axillary, peroneal, tibial and other nerves), unfortunately, are limited to
small series or individual clinical cases. Arthroscopic transcapsular axillary nerve decompression was first
described by P.J. Millett et al. in 2011. The authors performed 9 surgeries for chronic pain in the shoulder. After
the intervention, the pain syndrome decreased in all the cases (100%) [22]. Endoscopy of the axillary nerve
became a logical continuation of the development of arthroscopic paraarticular surgery of the shoulder joint,
which was transformed into the concept of the Comprehensive Arthroscopic Management Procedure [23-26].



All the patients (100%) in our study after axillary nerve decompression showed an increase in muscle strength
and regression of sensory disorders. There were no postoperative complications in our observation. It is possible
that a good clinical outcomes in all the patients and the absence of postoperative complications, among other
things, is associated with a small number of cases and a careful approach to patient selection.

In the domestic literature, there have been no reports of a series of clinical observations after endoscopic
axillary nerve decompression. In this study, the surgical technique showed its effectiveness and safety, the
possibility of simultaneous treatment of the pathology of the shoulder joint. The study is limited to a small series
of observations, therefore, further research on a larger group of patients is required.

CONCLUSION

The technique of endoscopic transcapsular axillary nerve decompression in combination with arthroscopy of
the shoulder joint in our study showed good results in the treatment of patients with axillary nerve pathology and
concomitant intraarticular pathology.

On the one hand, endoscopic axillary nerve decompression has a number of undeniable advantages compared
to open surgery - a significantly better cosmetic effect, less traumatization of soft tissues, and rapid postoperative
recovery; on the other hand, this technique allows simultaneous sanitation of the shoulder joint cavity.

All components of the procedure were performed using standard arthroscopic equipment. The obtained
primary data allow us to recommend the developed method for further research and application in practice to
orthopedic traumatologists and neurosurgeons.
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