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�� Based on the literature, 294 shoulder arthrodeses after bra-
chial plexus injury in adults were assessed, mostly male; 
the mean age of the patients was 33 years, and the mean 
follow-up time was 5.5 years. The most common cause of 
injury was a traffic accident, especially on a motorcycle.

�� Arthrodesis position ranged from 15 to 40 degrees of flex-
ion, 15 to 60 degrees of abduction, and 0 to 50 degrees 
of internal rotation with the predominance of position by 
the 30-30-30 rule. Plates, screws, and external fixation 
were used for stabilization. The complication rate was at 
the level of 28%, the most common complication being 
delayed union or nonunion.

�� Active movements of flexion and abduction averaged 61 
and 56 degrees, respectively, while reaching the hand to 
the mouth, front pocket, and buttock was feasible for 69%, 
71%, and 38%, respectively, after surgery. Shoulder pain 
was present in 77% of patients, and 28% experienced no 
relevant pain reduction after surgery. The subjective sat-
isfaction rate was 82% based on significant improvement 
and satisfaction reported by patients after arthrodesis.

�� Arthrodesis of the shoulder, in adult patients after brachial 
plexus palsy, can reduce shoulder pain, increase stability, 
and result in a range of motion that increases the possibil-
ity of carrying out everyday activities. This affects the high 
level of subjective patient satisfaction after surgery.
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Introduction
‘Shoulder arthrodesis’ or ‘shoulder fusion’ is a procedure 
that involves the fusion of the humeral head to the gle-
noid. In some techniques, additional acromiohumeral 

arthrodesis is also performed.1 At the beginning of the 
20th century, this type of surgery was widely used for 
treatment due to numerous indications, such as osteo-
arthritis, rheumatoid arthritis, irreparable injury of the 
rotator cuff, severely comminuted fracture of the proxi-
mal humerus, glenohumeral destruction resulting from 
tuberculosis, and recurrent dislocations of the shoulder. 
In recent years, surgical indications for shoulder arthrode-
sis have been continuously decreasing due to the devel-
opment of shoulder arthroplasty, for which results have 
proved more promising. Nowadays, shoulder arthrodesis 
is one of the salvage and reconstructive procedures used 
in brachial plexus palsy resulting from an injury in adult 
patients.1–16

Damage to the upper brachial plexus leads to a com-
plete lack of shoulder function. The C5 and C6 roots are 
damaged, which leads to the suprascapular, subscapu-
lar, and axillary nerves becoming dysfunctional, and the 
consequence is rotator cuff and deltoid muscle paralysis. 
This causes significant shoulder dysfunction with a lack 
of active movement of abduction, flexion, and external 
and internal rotation of the arm. In the absence of spon-
taneous nerve regeneration, surgical treatment should 
be undertaken approximately 3–6 months after injury.16 
Microsurgical techniques aim to restore suprascapular 
and axillary nerve function, but their results remain uncer-
tain. Muscular transfers allow the restoration of active 
range of motion in abduction and external rotation, but 
those techniques are less reliable in the restoration of 
shoulder function than, for example, in the restoration  
of elbow flexion.16,17 A good alternative for that secondary 
procedure might be shoulder arthrodesis. It can improve 
shoulder stability, relieve pain, and partially restore the 
shoulder’s active range of motion (ROM). It allows basic 
daily activities to be performed and increases the patient’s 
quality of life.1,7,15–18 After glenohumeral fusion, the shoul-
der’s functional ROM is retained through scapula thoracic 
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movement by the periscapular muscles, the trapezius, ser-
ratus anterior, and rhomboid muscles. Their proper func-
tion and strength are necessary for carrying out this type 
of operation.

The aim of this article was a systematic review of the 
literature for shoulder arthrodesis in adult patients for 
whom the surgical indication was a brachial plexus injury 
and the impact of this type of surgery on the final result, 
the functioning of the upper limb, and patient satisfaction.

Material and methods
This systematic review was conducted according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines.19

Search strategy

A systematic search of PubMed, Medline, and Research-
Gate was conducted from inception until April 2021 to 
identify studies reporting the treatment outcomes of 
shoulder arthrodesis for adult patients with a brachial 
plexus injury. Keywords used in the electronic search 
included: (((shoulder) OR (glenohumeral)) AND ((fusion) 
OR (arthrodesis))). The reference list for each potentially 
eligible text was reviewed to identify any additional rel-
evant articles.

Eligibility criteria

The titles of papers and their abstracts were analysed, and 
those which reported on functional outcomes after shoul-
der arthrodesis with patients above the age of 18 years 
were selected. We excluded: papers of veterinary cases, 
descriptions of the operation technique only, papers 
written in languages other than English, articles without 
abstracts. Then selected papers were evaluated based on 
the full texts and those where the indication for arthrode-
sis was a brachial plexus injury qualified. At this stage, we 
rejected publications that did not include the final results 
of treatment and where it was impossible to clearly select 
only the data of patients with a brachial plexus injury.

Data extraction

All relevant data were extracted for a systematic review 
with the use of a data collection table. The data extracted 
included: the number of arthrodeses, gender, age during 
surgery, follow-up time, mechanism of injury (MOI), indi-
cation for arthrodesis, the type of fixation, the position of 
the arthrodesis, complications, revisions, functional out-
comes such as hand excursion and active range of motion 
of the shoulder, pain before and after the operation, sub-
jective patient satisfaction. Data extraction was deemed 
complete once all reviewers were in total agreement.

Statistical analysis

All results as a percentage were determined based on 
a meta-analysis, while the range of motion after arthro-
desis (flexion, abduction) was determined based on the 
weighted average of the available articles. For the statisti-
cal analysis, a test comparing two percentages was used 
(after the meta-analysis), and the results with p < 0.05 
were considered statistically significant.

Results
Literature

The search of electronic databases revealed a total of 351 
relevant studies. Once duplicates were removed, 257 arti-
cles remained. An initial screening of titles and abstracts 
fielded 77 potentially eligible publications. Inclusion and 
exclusion criteria were used on the full texts of these. From 
this, 14 articles were included in the final study. Rühmann 
et al from 200520 was included conditionally due to the 
large study group. In this study, the main indication for 
arthrodesis was brachial plexus injury, while a smaller 
group of patients had other indications. It was impossible 
to isolate demographic data from both groups, which, in 
our opinion, is of little importance, but importantly, it is 
possible to separate the obtained results for the group of 
patients with brachial plexus injury.

All collected articles report 287 cases of patients with 
shoulder arthrodesis after brachial plexus injury, which 
they experienced in adulthood. Details of the study screen-
ing and selection are shown in Fig. 1. Tables 1 to 4 give an 
overview of the data extracted from the literature review.

Demographics and aetiology

Two hundred and eighty-seven shoulder arthrodesis cases 
after a brachial plexus injury in adulthood were reported. 
The average age of patients during the surgery was 33 
years old. The mean follow-up of all included publications 
was 5.5 years (range 0.6–20 years). The MOI was defined 
in 13 articles8,9,11,17,21–29 and the most common cause of 
injury was a traffic accident, especially on a motorcycle.

Indication

The indications for shoulder arthrodesis were clearly 
defined in five publications and mostly concerned a sig-
nificant limitation of shoulder functions and, to a much 
lesser extent, shoulder pain.11,21,30–32

Before arthrodesis, 77 patients in seven publica-
tions23–25,27,30–32 had additional neurosurgical procedures, 
such as brachial plexus exploration in 46 cases, transfer of 
the spinal accessory nerve to the suprascapular nerve in 14 
cases, suprascapular nerve or upper trunk grafting in 13 
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cases, and neurolysis of brachial plexus in four cases. Four 
publications23,27,30,31 reported no significant improvement 
in shoulder function after surgery with a shoulder strength 
of 2 or less on the Medical Research Council (MRC) scale, 
and in the other three,24,25,32 no direct effect on shoulder 
function was described, while all these patients qualified 
for shoulder arthrodesis, which may suggest no signifi-
cant improvement of function.

Technique of arthrodesis

Two types of internal fixation were used: a plate in 200 
cases17,22,24,26–29,32,33 and screws in 97 cases.9,11,21,23,25,28,33 
Additionally, in 28 cases of stabilization with screws, a 

Hoffmann external fixator was used.9,23 In four publica-
tions (78 cases), the technique additionally included the 
use of bone grafts.17,21–23 One publication describes an 
arthroscopic surgical technique,23 the rest describes the 
classic open surgery technique.

The arthrodesis position was presented in 11 arti-
cles11,17,21–26,29,32,33 and ranged from 15 to 40°of flexion, 
from 15 to 60° of abduction, and from 0 to 50° of internal 
rotation. Authors in five publications applied the ‘30-30-30’ 
position, which means 30° of flexion, abduction, and 
internal rotation.17,22–24,32 One work described the arthro-
desis angle’s determination based on the individual needs 
of the patient (Table 2).28

Records identified through database
searching (PubMed, Medline,

ResearchGate) (n = 351)
Date of search: until April 2021

Keywords: Shoulder OR Glenohumeral
AND Arthrodesis OR Fusion 

Records after duplicates removed
(n = 257)

Records screened for title,
abstract, language (n = 257)

Full text articles assessed for eligibility
(n = 77) 

Articles included for final study
(n = 14) 

Reasons: Non-English (90), Veterinary (7)
Description of technique (33), Case report (27),

Anatomical or cadaveric study (5),
Imaging/video study (2), No abstract (16) 

Records excluded (n = 180)

Reasons: Outcome not relevant (27), Patients under 18yo (7),
Indications for arthrodesis other than brachial plexus injury (24),

No full text available (4), Impossible to clearly select only the data
of patients with brachial plexus injury (1) 

Records excluded (n = 63)
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Fig. 1  PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines flowchart illustrating the search 
strategy.
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Table 2.  Review of the literature: position of arthrodesis and type of 
stabilization

No. Position of arthrodesis [º] Type of stabilization

  Flexion Abduction Internal 
rotation

Plate Screws  
(with ex.fix.)

Bone 
graft

  1 25º 45º 20º 0 21 3
  2 30º 30º 30º 14 0 0
  3 15–30º 45–50º – 0 13 0
  4 30º 30º 20º 0 13 0
  5 30º 30º 30º 46 0 0
  6 30º 20º 40º 14 0 0
  7 – – – 0 27 (21) 0
  8 20–40º 20–60º 0–50º 30* 13* 0
  9 – – – 13 0 0
10 30º 30º 30º 54 0 54
11 30º 30º 30º 12 0 12
12 30º 30º 30º 0 8 (8) 7
13 Individually 5 2 0
14 25–30º 15–20º 40–50º 12 0 0
  15–40º 15–60º 0–50º 200 97 (29) 76

*Data of patients with brachial plexus palsy and other indication for arthrodesis.

‘30-30-30’ position.

Table 1.  Review of the literature: demographic data, indication, and additional procedures

No. Author of publication (year) No. of 
arthrodesis

Male/Female Age (years) Indication for arthrodesis  
(no. of patients)

No. of additional 
procedures before 
arthrodesisa

  Limitation of 
shoulder functions

Shoulder pain  

  1 Cofield and Briggs (1979)21 21 19/2 27 16 5 –
  2 Richards et al (1985)24 14 14/0 30 – – 9
  3 Vastamäki (1987)11 14 8/6 26 14 0 –
  4 Rouholamin et al (1991)25 13 12/1 28 – – 6
  5 Richards et al (1993)32 46 44/2 30 46 0 42
  6 Rühmann et al (1999)26 14 12/2 34 – – –
  7 Chammas et al (2004)9 27 25/2 25 27 0 11
  8 Rühmann et al (2005)8 32 33/10* 35* – – –
  9 Sousa et al (2011)27 13 11/2 46 – – 4
10 Atlan et al (2012)17 54 54/0 24 – – 0
11 Ivalde et al (2017)22 12 12/0 29 – – –
12 Lenoir et al (2017)23‡ 8 8/0 33 – – 3
13 Thangarajah and Lambert (2017)28 7 6/1 48 7 0 2
14 van der Lingen et al (2018)29 12 11/1 46 – – –
  287 269/29 33 110 5 77

*Data of patients with brachial plexus palsy and other indication for arthrodesis.
‡Arthroscopic method.
aThe procedures are detailed in the text.

Outcome and satisfaction

The final outcomes were presented in the form of a range 
of functional movements with hand excursion to reach the 
mouth, front pocket, and buttock and based on the shoul-
der’s active range of motion. The flexion range was stated 
in ten articles and abduction in 11; it was determined 
based on the weighted average. Flexion was obtained up 
to 59° with a range of 10 to 105°,9,11,23–27,29,33 and abduc-
tion up to 55° with a range of 10 to 110°.9,11,17,22–27,29,33 

Reaching the hand to the mouth was included in ten 
publications and was feasible for 69% of operated  
patients,9,11,21,23–25,27,29,32,33 while reaching the hand to 
the front pocket, and buttock was described in six pub-
lications and was possible for 71% and 38% of patients, 
respectively.9,11,21,23,24,29,32

Before surgery, shoulder pain was mentioned in seven 
articles and occurred at the level of 77%.9,11,21,23–25,28 Based 
on eight articles,9,11,21,23–25,29,32 shoulder pain after arthro-
desis occurred at the level of 28% where patients did not 
experience a subjective reduction in pain, or it was at the 
level of six points and more, according to the Numeric 
Rating Scale (NRS) for pain, which corresponds to mild 
and severe pain in terms of pain-related interference with 
functioning.34 There was a statistically significant reduc-
tion in the percentage of pain index after shoulder arthro-
desis (p =< 0.0001).

Patient satisfaction was analysed. To standardize the 
results, we qualified for subjective satisfaction rate the 
excellent and good results and the patients’ subjective 
functional improvement statement after the operation. 
Based on ten articles, the percentage of patients’ subjec-
tive improvement and satisfaction after surgery was at the 
level of 82%, at 83% after plate stabilization and 78% after 
screw stabilization with no statistically significant differ-
ence between them (p = 0.4626) (Table 3).9,11,21,24–27,29,32,33

Complications

Complications were described in 12 of the articles and 
occurred in 26% of cases. Delayed bone union or pseu-
doarthrosis, fracture of the humerus, and infection were 
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observed most often and were at the level of 10%, 6%, and 
5% of cases, respectively. The remaining complications 
were less common, and their frequency was described as 
absolute numbers: irritation of the soft tissues above the 
plate, malposition, haematoma, loosening of the screw, 
postoperative necrosis of the skin – six, four, two, two, 
and one cases respectively.9,11,17,21–23,25–28,32,33 The compli-
cation rate was at the level of 26.1% after plate and 21.6% 
after screw stabilization, with a not statistically significant 
difference between them (p = 0.4471).

Delayed bone union or pseudoarthrosis occurred as a 
complication in 9.3% after plate and 10.3% after screw 
stabilization. In the technique with free bone grafts, the 
occurrence of delayed or nonunion was at the level of 
9.1%, while without bone grafts it was at 9.4%. There 
was no statistically significant difference between the type 
of stabilization (p = 0.7704) or the use or non-use of free 
bone graft (p = 0.9321) on the incidence of delayed or 
nonunion.

Thirty-two revision operations were performed, includ-
ing five in one patient,11,17,21,23,25–27,30–32 representing the 
reoperation rate at the level of 16.5%. The most common 
indication was nonunion and removal of stabilizing mate-
rial (Table 4).

Discussion
The collected demographic data show that shoulder 
arthrodesis due to brachial plexus palsy is mainly applied in 
the population of young men injured during a motorcycle 

accident. The most common indication for arthrodesis 
was shoulder function limitations, which made it difficult 
to perform basic daily activities. Shoulder arthrodesis was 
performed as an end-stage salvage procedure due to the 
lack of significant shoulder function improvement after 
previous reconstructive neurosurgical procedures.

Technique of arthrodesis

Type of stabilization

Many operating techniques for shoulder arthrodesis are 
described in the literature. Internal stabilization used in 
the Arbeitsgemeinschaft für Osteosynthesefragen (AO) 
technique describes the use of one or two wide AO 
plates.35 For stabilization, Richards et al recommend using 
a 4.5 mm pelvic reconstruction plate because it is easier to 
bend than a classic AO plate.36 The method described by 
Hawkins and Neer,37 and Cofield and Briggs21 is the use of 
several long cancellous screws inserted laterally through 
the head of the humerus into the glenoid and vertically 
through the acromion to the head of the humerus. Some 
authors combine both fixation techniques in their surgical 
technique, most often in the form of several long cancel-
lous screws, together with Hoffman’s external fixator.38,39 
The advantage is not having the necessity for immobiliza-
tion, which allows limb movements to be performed after 
surgery.

As standard, shoulder arthrodesis is performed using 
the open method from the lateral approach, which is asso-
ciated with extensive surgery. With the development of 
minimally invasive techniques, it is possible to perform 

Table 3.  Review of the literature: outcome, patient satisfaction, and follow-up

No Active range of motion after an operation % of patients able to reach 
by hand to:

% of patients with 
shoulder pain ²

Subjective 
satisfaction rate 
after operationa

Follow-up
(years)

  Flexion Abduction Mouth Front 
pocket

Buttock Before 
surgery

After 
surgery

 

  Average Range Average Range  

  1 – – – – 61% – 67% 24% 15% 75% 9.2
  2 min. 50º – min. 60º – 100 % 100% – 21% 27% 100% 3.0
  3 58º 10–90º 56º 40–85º 64% 57% 43% 54% 31% 64% 7.0
  4 50º 40–70º 56º 50–80º 77% – – 100% 15% 92% 2.8
  5 – – – – 75% 79% 33% – 21% 92% 3.7
  6 51º 30–90º 59º 40–90º – – – – – 79% 1.2
  7 61º – 61º – 89% 33% 15% 100% 70% 96% 5.9
  8 59º 20–105º 56º 20–90º 96% – – – – 59% 0.6*
  9 59º – 44º – 46% – – – – 92% 8.4
10 – – 59º 20–110º – – – – – – 3.5
11 – – 43º 10–100º – – – – – – 1.0
12 80º 60º–90º 59º 40–80º 25% 100% 75% 100% 13% – 2.3
13 – – – – – – – 100% – – 8.0
14 60º 12–72º 48º 14–78º 58% 42% 8% – 50% 67% 19.8
  59º 10–105º 55º 10–110º 69% 71% 38% 77% 28% 82% 5.5

*Data of patients with brachial plexus palsy and other indication for shoulder arthrodesis.
aThe evaluation criteria are described in the text.
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this type of surgery assisted with arthroscopy. Porcellini  
et al40 show in their work that the final results after shoul-
der arthrodesis assisted with arthroscopy are comparable 
to those obtained using the classic open method but with 
less extensive surgery.

The current literature review reveals that all of the 
above-mentioned surgical techniques can be used for 
shoulder arthrodesis in patients with a brachial plexus 
injury. The authors of the first published papers preferred 
internal fixation using screws. Over time, the tendency 
changed, and in subsequent works, more and more 
authors began to choose stabilization using a plate. Only 
two papers describe the technique with the additional 
use of Hoffman’s external fixator. Besides, Lenoir et al23 
are the only ones who have performed a shoulder arthro-
desis using arthroscopy in the collected articles. In their 
opinion, the most crucial advantage of this technique is 
a lower risk of damage to the circumflex humeral arteries 
and capsular periosteal blood supply, which can improve 
the fusion rate and reduce the risk of nonunion.

Long-term observation indicates that the type of inter-
nal stabilization did not significantly affect the final patient 
satisfaction, complication, or nonunion rates after surgery.

Position of arthrodesis

Many scientific articles have attempted to determine the 
optimal position of shoulder arthrodesis, and there are still 
different opinions on this subject. One of the first major 
works related to shoulder arthrodesis was published by 
the Research Committee of the American Orthopedic 
Association in 1942 and described the results of more than 

100 shoulder arthrodeses. It proposed the position of the 
arthrodesis at 50° of abduction, 15–25° of flexion, and 25° 
of internal rotation.41 Rowe42 and Clare et al1 recommend 
reducing the flexion and abduction to around 15–20° and 
increasing internal rotation to about 40–45°. They claim 
that excessive flexion and abduction cause a strong rota-
tion and a winged scapula when the shoulder is at rest 
with the arm at the side. It can lead to fatigue of the scapu-
lothoracic muscles and cause residual shoulder pain. In 
their opinion, the proposed flexion allows the patient to 
reach their hand to their mouth, internal rotation to the 
midline of the body, and abduction for ipsilateral armpit 
hygiene. On the other hand, Cofield and Briggs21 did not 
notice, in their work, that excessive flexion or abduction 
was associated with shoulder pain at rest. Arthrodesis 
made in an abduction greater than 45° or flexion greater 
than 25° did not cause significantly greater residual shoul-
der pain than the lower values of the position.

The collected publications do not clearly indicate the 
optimal position of the arthrodesis. It was performed in 
the range of flexion of 15–40°, abduction of 15–60° and 
internal rotation of 0–50°. There is a tendency among 
the authors of the publications to place the upper limb 
in a lower flexion and abduction position than was ini-
tially recommended in older literature, and non-excessive 
internal rotation. Some authors applied for the ‘30-30-30’ 
position, i.e., 30° of flexion, abduction, and internal rota-
tion, a position which, in our opinion, could be reason-
able. Jonsson et al also proposed an analogous position.  
In their work, they used moiré photography, which allo
wed them to establish the scapula’s neutral position. 

Table 4.  Review of the literature: complications and revisions

No. Complications Revision ratea

  Delayed 
/ bone 
nonunion

Humerus 
fracture

Infection Irritation 
of the soft 
tissues

Malposition Haematoma Loosening of 
the screw

Necrosis of 
the skin

Total  

  1 – 3 – – – – – – 3 33%
  2 – – – – – – – – – –
  3 3 – – – – – – – 3 21%
  4 2 – – – – – – – 2 8%
  5 1 # – 1 4 – – 1 # – 7 13%
  6 1 # – 2 # – 1 # 1 # – 1 6 36% #
  7 2 3 1 – – – – – 6 7%
  8 4 3 † 3 – 2 1 – – 13 –
  9 1 1 – – 1 – – – 3 8%
10 13 4 2 – – – 1 – 20 7%
11 – 1 1 1 – – – – 3 –
12 – – 1 1 – – – – 2 25%
13 1^ – – – – – – – 1^ 14%
14 – – – – – – – – – –
  28 (10%) 15 (6%) 11 (5%) 6 4 2 2 1 69 (26%) 16.5%

#Complication in the same patient.

†Only for patients after plate stabilization.

^Only for patients after screw stabilization.
aThe procedures are detailed in the text.
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They concluded that the optimal position for the arthro-
desis would be 20–30° of flexion, abduction, and internal 
rotation. In their opinion, the angle of fusion in the inter-
nal rotation should be lower than 40° as it tends to allow 
better functioning of the shoulder.43

The arthrodesis position should mostly satisfy the 
patient’s expectations and facilitate their functioning in 
everyday life and work as much as possible. Based on 
many publications, the position is still not clearly defined, 
and perhaps it is worth thinking about an individual atti-
tude towards each patient and determining the position of 
the arthrodesis based on their preferences as in the article 
by Thangarajah and Lambert. They temporarily stabilized 
the shoulder in a position established with the patients to 
assess whether it would be appropriate for them during 
everyday functioning.28

Pain

Shoulder pain in patients after a brachial plexus injury 
may be associated with muscular balance disorder caused 
by paralysis of the shoulder stabilizing muscles. This 
occurs due to the instability of the shoulder joint and 
painful subluxations. Another cause of pain characteris-
tic of this group of patients is neuropathic pain caused 
by direct damage to the brachial plexus somatosensory 
fibres.9,25,44–47

In the collected articles, three-quarters of patients expe-
rienced chronic shoulder pain before surgery. Only in 
minority cases, was it an indication for surgical treatment. 
After arthrodesis, the percentage of pain decreased signifi-
cantly but still occurred in one-quarter of patients and was 
the most common cause of dissatisfaction in long-term 
follow-up. Because of the different methods used in publi-
cations to assess the level of pain, the lack of improvement 
in this area was taken into account based on:

1.	 The subjective lack of reduction of shoulder pain 
after surgery or referred to as mild or severe.

2.	 Pain at the level of six points and more, according 
to the Numeric Rating Scale (NRS) for pain, corre-
sponds to mild and severe pain in terms of pain-
related interference with functioning.34

As already mentioned in the discussion, shoulder pain after 
arthrodesis may be due to the limb’s position in excessive 
flexion and abduction. This is a reason for reoperation and 
a corrective osteotomy of the humerus.1,18,42,48 Another 
reason may be the lack of bone union or incomplete bone 
union, which leads to severe shoulder pain, which is also 
an indication for reoperation.33 The authors of the reviewed 
articles suggest that shoulder pain after surgery could have 
a neurogenic nature. Shoulder arthrodesis may reduce 
traction neuritis of the brachial plexus and relieve pain by 
increasing stabilization, but pain will not completely disap-
pear. Symptomatic treatment is necessary, in the form of 
pharmacotherapy based on neurological drugs, including 
neuroleptics, tricyclic antidepressants, or antiepileptics.1,44,46 
Recent scientific studies noticed that Transcutaneous Elec-
trical Nerve Stimulation (TENS) plays a significant role in 
reducing neuropathic pain. If used early enough, it can even 
prevent the development of neuropathic pain.47,49–51

Outcome and satisfaction

Only a few collected articles describe the shoulder’s pre-
operative range of motion, and this description was signif-
icantly limited. Some authors attempted brachial plexus 
revision, neurolysis, transfer of the accessory nerve to the 
suprascapular nerve, or reconstruction of the suprascapu-
lar nerve with an autograft to improve shoulder function. 
Due to the lack of significant improvement in function 
after reconstructive procedures, it was decided to perform 
arthrodesis of the shoulder. After surgery, the range of 
motion was on average 59° of flexion and 55° of abduc-
tion, while some patients achieved significantly better 
results, at a level of 90–100° of active flexion and abduc-
tion (Fig. 2). It is much more important to assess the ability 

Fig. 2  Active shoulder flexion and abduction after arthrodesis.
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to perform everyday activities by operated limb. After 
arthrodesis, reaching the operated limb to the mouth was 
possible for 69% of patients, to the front pocket for 71%, 
and to the buttock for 38%. These results were assessed, 
on average, five years after surgery. After the operation, 
the subjective satisfaction rate was 82% based on signifi-
cant shoulder function improvement reported by patients.

As mentioned earlier, the type of internal fixation did 
not significantly affect the final patient satisfaction after 
surgery, although a higher percentage of satisfaction was 
achieved after plate stabilization than with screws. Clare 
et al also found that after shoulder arthrodesis, for other 
indications than a brachial plexus injury, patient satisfac-
tion was equal.1

Before surgery, it is important to evaluate the function 
and strength of the periscapular muscles, the trapezius, 
serratus anterior, and rhomboid muscles because, after 
glenohumeral fusion, functional motion can be retained 
through scapula–thoracic movement by these muscles. 
Their insufficiency may be associated with the treatment 
having an unsatisfactory outcome.1,11,25,29 When the bra-
chial plexus is injured, the elbow and hand functions are 
also often impaired. To achieve a satisfactory final result, 
surgery should be considered to improve the range of 
elbow and hand movement and, most importantly, their 
stability. Their insufficiency will not allow the limb to 
reach the midline of the body and perform basic everyday 
activities, which will result in poorer treatment results and 
less patient satisfaction after surgery. Some authors sug-
gest amputation of the limb above the elbow for good 
prosthetics, which also brings good final results.21,24,25

A high percentage of satisfaction after surgery in this 
group of patients could be associated with obtaining a 
range of motion that allows the use of an injured limb to 
perform basic everyday activities, such as eating or per-
sonal hygiene. As a result of arthrodesis and solid bone 
union, the shoulder is also stable, allowing the patient to 
return to physical work.

Complications

Recent studies show that the incidence of all complica-
tions after shoulder arthrodesis is 28%. Early complications 
are less common and include surgery site infection, skin 
breakdown, and wound haematoma. More common are 
late complications, including delayed bone union, mal-
union, malposition, and ipsilateral humeral fractures.48 
Based on collected articles, the complication rate after 
shoulder arthrodesis was 26%. The type of stabilization 
did not have a statistically significant effect after surgery.

The most common complication was delayed or non-
bone union and occurred in 9% of cases. The type of 
fixation did not significantly affect the incidence of this 
complication. Some authors suggest using free bone grafts 
to increase bone adherence, increasing the percentage of 

a solid bone union. Atlan et al17 compared the results of 
a bone union in 54 patients after shoulder arthrodesis. In 
some of them, a cancellous graft was used, while others 
had a corticocancellous bone graft. The results showed 
that a corticocancellous graft gives a significantly higher 
fusion rate. In our literature analysis, some authors used 
free bone grafts in their technique, but it did not signifi-
cantly reduce the delayed bone union rate. Methods using 
free vascularized fibula transfer are also described in cases 
with a significant loss of the humerus proximal end,52,53 
but this situation is rare in patients with brachial plexus 
damage. Clare et al suggest paying particular attention to 
eliminating all cartilage, maximum bone coaptation, and 
stable positioning of all implants to achieve a solid bone 
union. In addition, the patient needs to quit smoking, as 
smoking generally increases bone nonunion.1

The second most common complication was a fracture 
of the humerus and affected 6% of all cases. Rühmann et 
al assessed the frequency of fractures after plate stabiliza-
tion to be in the range of 3% to 8%, while after screw sta-
bilization it was 1% 8. In our literature analysis, a fracture 
of the humerus after plate stabilization was at a compa-
rable level and amounted to 5%, while a slightly higher 
percentage of fractures occurred after screw stabilization 
and amounted to 6% of all cases. All fractures occurred as 
a late complication several months after surgery. They can 
be treated conservatively by immobilization or with open 
reduction and plate fixation as shown in Fig. 3.

A complication that can directly affect treatment and 
patient satisfaction is malposition of the extremity after 
arthrodesis. It is most often associated with limb position 
in excessive flexion and abduction and external instead of 
internal rotation during arthrodesis. As discussed earlier, 
this can lead to winging of the scapula and, consequently, 
to a periscapular muscle strain resulting in chronic, resid-
ual shoulder pain. Besides this, excessive abduction can 
lead to traction neuritis on the brachial plexus, specifically 
on the suprascapular nerve, which also affects persistent 
shoulder pain after arthrodesis, but which is neurogenic. 
Malposition additionally causes the limb to be placed in a 
non-functional position, which causes difficulty with daily 
activities.1,18,48 It is necessary to perform surgery to correct 
the position of the limb by corrective osteotomy. Groh et 
al performed nine corrective osteotomies due to malposi-
tion, where the main reasons for dissatisfaction were the 
limitation of limb function in everyday life and chronic 
shoulder pain. Before surgery, patients’ average limb posi-
tion was at 47° of flexion, 37° of abduction and internal 
rotation, and patients could perform an average of three 
out of six assessed daily activities. To correct excessive 
flexion and abduction, Groh proposes a closing-wedge 
osteotomy, with bone wedge excision at the humerus’s 
surgical neck level. Its size was determined based on X-ray 
images in the anterior-posterior (AP) and lateral positions. 
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Groh et al suggest that the degree of internal rotation 
correction should be determined based on the patient’s 
weight. For slim patients, he recommends setting the 
internal rotation to 60° and for obese patients to 40°. After 
surgery, the average limb position was 13° of flexion, 16° 
of abduction, and 48° of internal rotation, which resulted 
in resolution of shoulder pain in all patients, and the abil-
ity to perform all six assessed daily activities.18

In collected publications, this complication is reported 
in only 2% of all cases. All patients underwent a corrective 
osteotomy, resulting in a more favourable limb position 
and relief from shoulder pain.

Conclusion
Shoulder arthrodesis is a well-established, valuable surgery 
for extensive, irreparable brachial plexus injury in adult 
patients. It should be considered as an end-stage salvage 
procedure if other reconstructive options fail 16,54,55. It 
improves function, provides a range of motion that makes 
carrying out everyday activities possible, increases shoul-
der stability, and reduces shoulder pain. This effects a high 
level of subjective patient satisfaction rate after surgery.

However, the indications for this operation are limited. 
The selection of a specific technique is still unclear. Each 
has its pros and cons, but neither significantly impacts 

patients’ final satisfaction, so the choice should depend on 
the surgeon’s preferences. The position of arthrodesis is 
still not clearly defined. The tendency is to lower the flexion 
and abduction angle with non-excessive internal rotation. 
In our opinion, the ‘30-30-30’ position, or an analogous 
position, could be reasonable. The assessment of the func-
tion and strength of the periscapular muscles, the trape-
zius, serratus anterior, and rhomboid muscles is necessary 
to provide the movement of the shoulder after fusion. 
Patients should be informed of the significantly high risk 
of complication and reoperation, but in long-term obser-
vations, this does not negatively affect patient satisfaction 
because of the benefits obtained after arthrodesis.

The limitations of the study

Based on the collected publications, it was impossible to 
compare a significant parameter: the change in shoulder 
movement or the possibility of reaching with the hand 
before and after arthrodesis due to the lack of such data 
from the preoperative period.
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