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brachial plexus palsy

Hubert Lenoir, MDa,*, Thomas Williams, MDb, Aude Griffart, MDb, Cyril Lazerges, MDc,
Michel Chammas, PhDc, Bertrand Coulet, PhDc, Dominique Le Nen, PhDc

aCentre Ostéo-Articulaire des Cèdres, Échirolles, France
bHand Surgery Unit, Orthopedic Surgery Department, CHU La Cavale Blanche, Brest, France
cHand and Upper Extremity Surgery Unit, CHU Lapeyronie, Montpellier, France

Background: Shoulder arthroscopic arthrodesis is an uncommon and non-standardized procedure. Results
are poorly evaluated. We describe the findings in 8 patients who underwent shoulder arthroscopic arthrod-
esis for brachial plexus injury.
Methods: The humeral head and glenoid were excised through standard arthroscopic portals. A Hoff-
mann external fixator and cannulated screws were used to stabilize the shoulder. Standard clinical assessment
and radiographic evaluation were performed each month until bony fusion occurred. With a mean follow-
up of 28 months, functional evaluation included pain level (on a 0- to 10-mm visual analog scale); American
Shoulder and Elbow Surgeons index; Disabilities of the Arm, Shoulder and Hand score; and Simple Shoul-
der Test score. Mobility was systematically investigated. Blood loss was assessed by measuring hematocrit
proportion.
Results: Glenohumeral fusion was achieved in all 8 patients. The mean time to arthrodesis was 3 months
(range, 2-8 months). At last follow-up, the mean pain level was 1 (range, 0-4); the mean American Shoul-
der and Elbow Surgeons score was 69; the mean Disabilities of the Arm, Shoulder and Hand score was
36; and the mean Simple Shoulder Test score was 4. Mean active flexion and abduction were 80° (range,
60°-90°) and 59° (range, 40°-80°), respectively. Mean blood loss during the perioperative period was 432 mL
(range, 246-792 mL). We observed one superficial wound infection and one migration of an acromiohumeral
screw. These complications did not compromise the final results.
Conclusions: Arthroscopic arthrodesis of the shoulder can be a reliable procedure and associated with a
low rate of complications.
Level of evidence: Level IV; Case Series; Treatment Study
© 2017 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
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Glenohumeral arthrodesis, commonly called shoulder ar-
throdesis, was considered a salvage procedure during the past
century. The indications are now limited because of ad-
vances in shoulder arthroplasty.3 Current indications concern
mainly severe traction injuries to the supraclavicular bra-
chial plexus with a flail shoulder.2,16 Therefore, the objectives
of shoulder arthrodesis are to provide a stable and strong
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shoulder with no pain and to allow active elevation of the
shoulder through scapulothoracic motion.

Despite the advantages of the procedure, shoulder arthrod-
esis has been associated with high rates of complications,
including nonunion and soft-tissue problems with infection.3,17

To reduce morbidity, arthroscopic techniques have been de-
veloped. Nevertheless, only 5 cases of shoulder arthroscopic
arthrodesis have been reported.6,8,12,18 Recently, Porcellini et al15

reported good results with mini-open arthroscopy-assisted
arthrodesis.

Arthroscopic arthrodesis of the shoulder without any sur-
gical approach may be a reliable and safe procedure. The purpose
of this study was to report the results of 8 patients with bra-
chial plexus palsies treated with arthroscopic arthrodesis of the
shoulder. We hypothesized that the results of arthroscopic ar-
throdesis of the shoulder would be as good as historical reports.

Materials and methods

Patients

From February 2012 to August 2014, 9 patients (all men) under-
went arthroscopic arthrodesis of the shoulder for brachial plexus
injury. One patient was lost to follow-up.

The average age of the 8 remaining patients was 33 years (range,
26-58 years). All injuries were due to motorcycle accidents. The mean
time after injury was 46 months (range, 21-93 months), and the mean
follow-up period was 28 months (range, 12-40 months). Of the 8
patients, 4 were affected on the dominant side. Table I summa-
rizes the type of brachial plexus injury, associated lesions, and
previous procedures performed. All direct transfers of the inferior
branch of the spinal accessory nerve to the suprascapular nerve had

failed with muscle power of British Medical Research Council
(BMRC) grade 2 or less. In all cases, examination of the shoulder
before surgery showed muscle power of BMRC grade 4 or 5 for
the superior trapezius and serratus anterior.

Surgical technique

The patients were placed in the beach-chair position. Before the sur-
gical procedure began, the fluoroscopy position was controlled to
allow for anteroposterior and Bernageau profile views of the glenoid,1

so the patient had to be positioned sufficiently on the table edge.
First, 3 pins of the external fixator were introduced percutane-

ously in the scapular spine and 3 others in the humeral shaft. Then,
a standard arthroscopic posterior and anterior approach was per-
formed. Initially, the glenohumeral ligament–labrum complex was
entirely removed by the use of radiofrequency energy. The hyaline
cartilage and the subchondral bone of the glenoid surface were excised
with a 5-mm arthroscopic reamer. On the humeral head, the area
to denude was determined in accordance with the future position
of arthrodesis (ie, 30° of forward flexion, 30° of abduction, and 30°
of internal rotation) (Fig. 1). This area was exposed by positioning
the shoulder in flexion and external rotation. In case of difficulties
in achieving humeral milling, an assistant can perform rotational
movements while leaving the burr in place. In this way, the humeral
head passes under the burr without any movement with the shaver.

Then, the Hoffmann external fixator (Stryker, Kalamazoo, MI,
USA) was assembled (Fig. 2). Shoulder reduction was performed
under fluoroscopic views by the surgeon. While maintaining the po-
sition, the assistant locked the external fixator. The position was
checked by positioning the patient’s hand at the forehead and the
ipsilateral buttock.

Two parallel guidewires were placed percutaneously through the
humeral head. Their positions were controlled with anteroposte-
rior and Bernageau lateral fluoroscopic views. Cannulated cancellous

Table I Preoperative conditions before arthrodesis

Case
No.

Age,
y

Type of
lesion

Associated lesions Previous procedures

1 26 C5-C6 — Partial ulnar nerve transfer to musculocutaneous nerve
2 31 C5-T1 • Ipsilateral both-bone forearm

fractures
• Ipsilateral scaphoid fracture
• Ipsilateral trapezoid dislocation
• Ipsilateral multiple carpometacarpal

fracture-dislocations

• Direct transfer of inferior branch of spinal accessory nerve
to suprascapular nerve

• Intercostal transfer to musculocutaneous nerve

3 25 C5-C6 — Partial ulnar nerve transfer to musculocutaneous nerve
4 58 C5-C7 Ipsilateral both-bone forearm fractures • Combined transfer of pectoralis major and pectoralis minor muscles

• Tendon transfer for finger and wrist extension restoration
5 26 C5-C7 Head trauma with ipsilateral spastic

hemiparesis
Partial ulnar nerve transfer to musculocutaneous nerve

6 38 C5-T1 — • Direct transfer of inferior branch of spinal accessory nerve to
suprascapular nerve

• Intercostal transfer to musculocutaneous nerve
7 33 C5-T1 — • Direct transfer of inferior branch of spinal accessory nerve to

suprascapular nerve
• Intercostal transfer to musculocutaneous nerve

8 28 C5-C7 — • Triceps to biceps transfer
• Tendon transfer for finger and wrist extension restoration
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screws measuring 6.5 mm were placed through the pins. The ex-
ternal fixator was temporarily loosened for achieving compression
in shoulder arthrodesis. An extra screw was placed from the acro-
mion to the humeral head in 2 cases because of poorer bone quality
noted during subchondral bone debridement.

With the exception of the last patient, the screw portal was slightly
enlarged to excise the rotator cuff and to percutaneously position a
freeze-dried irradiated and chemically treated allograft (Greffons
Phoenix; Tissue Bank of France, Mions, France) in the subacro-
mial space to obtain extra-anatomic union. For the last patient, the
humeral head was directly ascended, for contact with the acro-
mion before fixation.

Rehabilitation was begun after immobilization with an abduc-
tion pillow for 4 weeks. Active-assisted exercises were then performed
to mobilize the scapulothoracic joint. The external fixator was
removed 2 month after the operation.

Clinical assessment

Data were collected retrospectively. Clinical assessment was per-
formed before surgery and each month until bony fusion occurred.

Figure 1 Arthroscopic views of shoulder arthrodesis (left shoulder). (a) Excision of the glenohumeral ligament–labrum complex. (b) Milling
of the glenoid cartilage. (c) Checking by palpation that all cartilage is excised on the glenoid side. (d) Milling of the humeral cartilage with
the arthroscope in the posterior portal. (e) Changing of the arthroscope from the posterior to anterior portal. (f) Verification, before fixation,
that the denuded area of the glenoid corresponds to the denuded area of the humerus in the arthrodesis position.

Figure 2 Hoffman external fixator with 3 pins introduced into the
scapular spine and 3 into the humeral shaft.
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Patients were assessed in terms of pain level on a scale from 0 (no
pain) to 10 (worst possible pain). The American Shoulder and Elbow
Surgeons (ASES) index; Disabilities of the Arm, Shoulder and Hand
(DASH) score; and Simple Shoulder Test (SST) score were rou-
tinely registered.

The physical examination involved measurement of the range of
flexion, extension, and abduction and range of rotation by use of a
goniometer. Strength was graded from 0 to 5 by the BMRC muscle
grading system. Hand excursion was assessed by the ability to reach
the nape of the neck, the forehead, the mouth, the contralateral shoul-
der, the front pocket, and the ipsilateral buttock. The ability of patients
to use a brachiothoracic grasp, put on a coat, and push an object, as
well as use the affected hand as a paperweight, was evaluated.

Blood loss assessment

The blood loss (in milliliters) during the perioperative period was
calculated11 for each patient as

Blood loss TBV Hct J Hct J

Blood transfusion

= ×
+

−( )[ ]0 5

in which TBV is total blood volume (in milliliters) (body
weight × 65 mL/kg for women and body weight × 70 mL/kg for men),
Hct J0 is hematocrit proportion before surgery, and Hct J5 is hema-
tocrit proportion 5 days after surgery.

Radiographic assessment

Radiographic evaluation was performed in anteroposterior and lateral
views during standard clinical evaluation until bony fusion oc-
curred. Both glenohumeral arthrodesis and acromiohumeral
arthrodesis were inspected.

Statistical analysis

The Shapiro-Wilk test showed that the variables were non-normally
distributed. The Wilcoxon signed rank test was used to compare the
final visual analog scale, ASES, DASH, and SST scores with pre-
operative values. P < .05 was considered statistically significant.

Results

The mean pain level before surgery was 2 of 10 (range, 0-5),
and the mean ASES, DASH, and SST scores before surgery
were 57, 57, and 2, respectively. None of the patients had active
motion with their shoulder before surgery. Table II lists clin-
ical results with functional scores at last follow-up. At last
follow-up, the mean ASES, DASH, and SST scores were 69
(P = .0234), 36 (P = .0078), and 4 (P = .0215), respectively.
There were no statistical differences in pain levels. All pa-
tients showed recovery of the ability to reach the front pocket,
2 patients could not reach the ipsilateral buttock, 2 patients could
reach the mouth and the forehead, and 1 patient could reach
the nape of the neck. Only 1 patient was not able to push an
object with the affected hand or use this hand as a paperweight.

Mean blood loss during the perioperative period was
432 mL (range, 246-792 mL). No patient required a blood
transfusion. Glenohumeral fusion was achieved in all 8 pa-
tients. The mean time to arthrodesis was 3 months (range,
2-8 months). Three arthrodesis cases, including the last, showed
fusion between the acromion and humerus.

One patient had a wound infection due to bone graft mi-
gration under the skin. This complication was resolved with
irrigation and debridement accompanied by removal of the
graft. One acromiohumeral screw was removed together with
the external fixator because it was poorly tolerated under the
skin. The other acromiohumeral screw was set in the acro-
mioclavicular joint. The patient was asymptomatic, which was
not relevant to the final result.

Discussion

Very few clinical data are available on arthroscopic arthrod-
esis of the shoulder. Our overall results are consistent with
those reported with open procedures. Richards et al16 re-
ported the results of 14 shoulder arthrodesis patients after

Table II Clinical results and functional scores at last follow-up for 8 patients who underwent arthroscopic arthrodesis for brachial
plexus injury

Pain* Mobility, ° Strength (grade)† Functional score

Fl Abd R of R Fl Abd ER IR ASES DASH SST

Case 1 0 90 50 70 5 5 5 5 73 6 10
Case 2 0 90 50 50 5 5 5 5 75 68 2
Case 3 4 70 60 60 5 5 5 5 43 12 3
Case 4 0 90 70 70 5 5 5 5 78 17 8
Case 5 0 60 60 30 4 4 4 4 70 65 3
Case 6 0 60 40 50 3 3 3 4 72 52 4
Case 7 0 90 60 60 5 5 5 5 66 43 3
Case 8 0 90 80 75 5 5 4 4 73 22 3
Mean 1 80 59 58 5 5 4 5 69 36 4

Abd, abduction; ASES, American Shoulder and Elbow Surgeons; DASH, Disabilities of the Arm, Shoulder and Hand; ER, external rotation; Fl, flexion; IR,
internal rotation; R of R, range of rotation; SST, Simple Shoulder Test.
* Visual analog scale from 0 to 10 mm.
† British Medical Research Council grading system from 0 to 5.
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brachial plexus injury. In all patients, function improved and
active ranges of motion recovered. Chammas et al2 stated that
patients with upper plexus palsy did not differ from those with
total lesions in terms of shoulder motion. Mean postopera-
tive flexion was 61° versus 62°; mean abduction, 59° versus
63°; and mean range of rotation, 49° versus 36°. In our ar-
throscopic series, the mobility values in flexion, abduction,
and range of rotation after surgery were 80°, 59°, and 58°,
respectively. Nevertheless, recovery of hand excursion and
functional abilities was sometimes disappointing. Dimmen
and Madsen4 stated that all their patients could position the
hand at or above the mouth after the procedure. This ability
was possible for only 2 of our 8 patients. We hypothesize that
this is mainly because of a difference in the indications.
Dimmen and Madsen reported results of non-neurologic shoul-
ders. The inability to reach the head for 6 of our patients was
always the result of weak elbow flexion. Among these 6 pa-
tients, 3 had total brachial plexus palsy with elbow flexion
not exceeding 110° after intercostal nerve transfer. Two pa-
tients with muscle transfer for reanimation of elbow function
had poor results on active flexion. The remaining patient had
ipsilateral spastic hemiparesis due to head trauma.

Because we obtained glenohumeral fusion in all 8 pa-
tients, it appears arthroscopic shoulder arthrodesis is a reliable
procedure. Our 1 patient with delayed union exhibited ad-
ditional medical comorbidities of smoking and previous
vascular axillary bypass surgery, which may have contrib-
uted to the delay in union. Only 2 arthrodesis cases showed
fusion between the acromion and humerus with allogeneic
bone graft (Fig. 3). Because we observed one case of wound
infection due to the migration of the graft, for the last patient,

we decided to directly ascend the humerus proximally under
the acromion. This technique has already been successfully
described for open shoulder arthrodesis.3,16,17 The patient
showed fusion both to the glenohumeral joint and in the
acromiohumeral space at 2 months (Fig. 4).

Arthroscopic arthrodesis of the shoulder is not a techni-
cally demanding procedure. However, some precautions are
needed to ensure its success. The lower part of the glenoid
is the most difficult to access. The labrum can interfere with
full glenoid milling. Its resection on the entire circumfer-
ence is necessary at the beginning of the procedure. This
step also has the advantage of facilitating the final bony contact
of the humeral head with the glenoid. For the humeral head,
milling is more difficult because of difficulties in exposing
the area that needs to be debrided in the arthrodesis posi-
tion. We tried to specify the area of the humeral head in
contact with the glenoid in the arthrodesis position. By evalu-
ating dry adult cadaveric bones, we noticed that this area
was always medial to the lesser tubercle at the lower
limit of the articular cartilage (Fig. 5). Thus, positioning the
shoulder in flexion and external rotation and frequently chang-
ing the burr from the anterior and posterior portal approach
allowed for good bone freshening. The shoulder must there-
fore be perfectly mobilizable during this step. This is the
main reason we do not recommend the lateral decubitus po-
sition with the limb suspended in a traction tower as proposed
by Porcellini et al.15 Before this clinical study, we also used

Figure 3 Glenohumeral fusion associated with fusion of the
acromiohumeral space with allogeneic bone graft.

Figure 4 Glenohumeral and acromiohumeral fusion 2 months after
surgery after direct contact between the humeral head and acromion.
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a cadaveric study to test an accessory Neviaser portal
approach.13 Using this space limited by the clavicle and the
acromion for the instrumental portal, we believed we had
direct access to the joint space. Unfortunately, the superior
edge of the glenoid did not allow the shaver to go into the
glenohumeral space. This portal was not used during our
clinical study.

Reduction of the joint is sometimes difficult to achieve.
Visualization of the glenohumeral space is impossible with
the anterior and posterior portal approach. We always con-
trolled the reduction by using fluoroscopic guidance. Internal
fixation is one of the most challenging stages. The morphol-
ogy of the scapula explains the technical difficulties
encountered during the osteosynthesis. Indeed, the small size
of the glenoid may make the centering of the screws more
difficult. Iannotti et al7 measured an average height of 39 mm
and a width of only 29 mm. Moreover, the reduction in the
width of the latter at the neck, while not exceeding 15 mm,
represents a significant risk in achieving a wrong pathway.
Jiménez-Martín and Pérez-Hidalgo,8 as well as Syal and
MacDonald,18 recommend the use of an anterior cruciate lig-
ament guide for placement of the guidewires. We used this
early in our anatomic study. However, the device was not re-
liable. In fact, it only helped to control the exit point on the
humeral side of the guidewire. It did not assist in the optimal
trajectory of the screws into the glenoid. Moreover, varia-

tions in glenoid version among subjects5,14 further complicate
the positioning of the screws. Therefore, the safest way to
position the guide pins is based on the systematic use of flu-
oroscopy, in particular by a lateral view such as a Bernageau
profile view1 (Fig. 6).

We recommend using 2 parallel screws, which allows for
a better compression effect and thus probably enhances the
union rate. Because of complications with acromiohumeral
screws, we do not currently recommend their use. The as-
sembly was stabilized with the external fixator. Many authors
have shown the effectiveness of this combined external and
internal fixation technique.2,9,10,19 The advantages are strong
and reliable fixation, avoiding the use of a shoulder spica for
3 months and allowing immediate postoperative use of the
involved arm, especially for associated elbow surgery requir-
ing re-education. Moreover, as compared with plates, the
implants are easy to remove, with less risk of infection and
fracture of the humerus. In addition, the position of the ar-
throdesis can be adapted during surgery by simply loosening
the external fixator temporarily before the introduction of the
screws.

Arthroscopic arthrodesis of the shoulder is a reliable pro-
cedure. Glenohumeral fusion was achieved in all 8 patients.
Compared with conventional techniques, perioperative blood
loss may be less than with open techniques. Indeed, open pro-
cedures require a large incision from the spine of the scapula

Figure 5 (a) In the arthrodesis position (ie, 30° of forward flexion, 30° of abduction, and 30° of internal rotation), the area in contact
with the glenoid is always medial to the lesser tubercle at the lower limit of the articular cartilage. (b) Moving the shoulder in flexion and
external rotation allows for exposing this area with conventional arthroscopic views.

Figure 6 The systematic use of fluoroscopy is indispensable to control the guidewire’s pathway. The arrows show that it is possible with
an anterior cruciate ligament guide to poorly place the guidewire with a correct exit point on the humeral side.
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to the proximal part of the humerus. The deltoid is most often
detached and the rotator cuff excised.10,16 The risk of infec-
tion is low because of the washing effect of the arthroscopy.
The only case of infection was due to bone graft migration
under the skin. The preservation of the circumflex humeral
arteries and capsular periosteal blood supply may enhance
the fusion rate. Finally, esthetic sequelae are reduced.

This study has limitations. First, the sample size is small
based on the need for this technique. Further study is indi-
cated to ensure the findings of this study are generalizable.
Second, no control group was available for comparison. More
robust studies may better delineate advantages that arthro-
scopic arthrodesis appears to possess.

Conclusion

Arthroscopic arthrodesis of the shoulder is a reliable pro-
cedure with a low rate of complications. The results seem
comparable to conventional procedures.

Disclaimer

The authors, their immediate families, and any research
foundations with which they are affiliated have not re-
ceived any financial payments or other benefits from any
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