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Abstract

Introduction: Shoulder instability and lack of shoulder mobility are common and exhausting problems in adult patients with traumatic brachial
plexus injury. Although primary nerve reconstruction remains the “gold standard” for brachial plexus management, secondary shoulder recon-
struction by trapezius transfer is needed in neglected cases.

Results: Different upper trapezius transfer techniques are described in detail, starting from the first report by Hoffa et al. up to Rithmann’s modifi-
cation of Saha'’s technique. Additionally, lower trapezius transfer by Elhassan’s technique is discussed to review differences in functional outcome
gained by each technique.

Conclusion: Secondary shoulder reconstruction options still have their indications in cases of late presentation and failed nerve surgery. There
is a wide spectrum of outcomes due to the variability of the extent of injury. Using the upper and lower trapezius for the possible restoration of
abduction and external rotation as described by Elhassan et al. yielded a mean post-operative shoulder abduction and external rotation of ap-
proximately 50° and 20°, respectively. RUhmann’s modification of Saha's technique (suturing the partially freed deltoid muscle under maximum
tension on top of the trapezius as far medially as possible) showed improvement in the outcomes of stability and abduction recovery (34° mean

post-operative shoulder abduction).

Introduction

Shoulder instability and lack of shoulder mobility are common and ex-
hausting problems in adult patients with traumatic brachial plexus inju-
ries. Even with functioning elbow, wrist, and fingers, upper limb function
is significantly hampered by deficient shoulder function. Primary nerve
reconstruction remains the “gold standard” in brachial plexus manage-
ment. If surgery is early and successful, adequate reinnervation of the
deltoid, teres minor, supraspinatus and infraspinatus muscles can be
achieved, as well as glenohumeral joint stability [1,2].

However, secondary shoulder reconstruction is needed in clinical
scenarios, such as neglected cases (>1 year without any attempt for re-
construction) and cases of complete or partial failure of recovery of both
the deltoid and rotator cuff after primary reconstruction.

Many options are available for secondary shoulder reconstruction.
Trapezius transfer is one of those important options, and our goal is to
review the indications, techniques, and outcomes of trapezius transfer
and compare it with the alternative options. First, we should revisit the
basic concepts of shoulder kinematics and tendon transfer.

Kinematics of the Shoulder

The shoulder range of motion is achieved by the scapulohumeral rhythm,
which is the coordinated motion of the glenohumeral, scapulothoracic,
acromioclavicular and sternoclavicular joints. For shoulder abduction,
an approximately 2:1 ratio of glenohumeral to scapulothoracic motion
is required [3-5].

The rotator cuff muscles are primarily dynamic stabilizers for the
shoulder during abduction, forward flexion, and extension that act by
resisting the relative upward shearing moment at the glenohumeral joint
by the deltoid in early abduction and through a force couple of the sub-
scapularis anteriorly and the infraspinatus posteriorly [6].

The importance of the force couple function generated by the gleno-
humeral stabilizers is indicated by the pseudoparalysis of the shoulder in
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massive rotator cuff tear. This pseudoparalysis extends below the humer-
al head equator despite normal brachial plexus and deltoid function; how-
ever, due to the force couple loss, the humeral head cannot be contained.
An important study done by Gerber et al. demonstrated 45% loss of ab-
duction strength and 70% loss of external rotation strength after nerve
blocks of the infraspinatus. Paralysis of both the supraspinatus and infra-
spinatus led to a decrease in abduction strength of 75% and a decrease in
external rotation strength of 80%. The teres minor plays a role in external
rotation strength at any angle of shoulder abduction less than 20% [7].

These relations explain why isolated trapezius transfer alone leads
to an obligatory proximal migration of the humeral head, narrowing the
space between the humeral head and acromion, which causes mechan-
ical impingement and decreases the trapezius lever arm, leading to inef-
fective shoulder abduction and flexion [8].

The deltoid and rotator cuff muscles have relatively low excursion
but generate high tension. The upper trapezius has lower tension but
superior excursion. The latissimus dorsi muscle, commonly transferred
for shoulder external rotation and abduction, has low strength but high
excursion [6]. The basic principles of tendon transfer are difficult to apply
to the complex polyaxial shoulder motion, but they should be considered
in performing shoulder tendon transfer [8].

Primary Nerve Reconstruction

Nerve reconstruction options include neurolysis, direct coaptation, nerve
grafting to the available healthy nerve roots and nerve transfer. A sys-
tematic review by Rohit Garg et al. demonstrated that in upper trunk pal-
sy, shoulder function results after nerve transfers are better than those
after nerve grafting, with decreased operative time and morbidity due to
exploration and avoidance of both a second incision and the morbidity of
harvesting a nerve graft. Therefore, the classic exploration and testing for
available donor nerve roots to use with nerve grafting in isolated upper
trunk injuries becomes questionable, while for C5-C6-C7 injuries, plexus
exploration for potential nerve root donors may be needed [9].
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Nerve transfers for shoulder reconstruction reviewed by Merrell et
al. in a meta-analysis of 1088 cases clearly confirmed that best results
for shoulder function were obtained by reinnervation of both the supras-
capular and axillary nerves simultaneously, with overall results of 73%
shoulder abduction M3 and 26% M4. The spinal accessory nerve (98%)
was a significantly better donor nerve than intercostal nerves (56%) for
obtaining M3 shoulder abduction. Regarding the recipient nerve, the su-
prascapular nerve (92%) was a significantly better recipient nerve than
the axillary (69%) for obtaining M3 shoulder abduction [10].

Chuang et al. reported good results with a mean shoulder abduction
of 55°in 21 of 21 patients after the simultaneous double nerve transfer
of the phrenic to suprascapular nerve and the spinal accessory to axillary
nerve [1]. Songcharoen et al. also confirmed that the best results were
obtained by the direct transfer of the distal spinal accessory nerve to the
suprascapular nerve, with a success rate of 80% for useful motor recov-
ery of MRC grade 3 or better [11].

The balance between the available donors and the required recipi-
ents for nerve transfer in upper trunk palsy increases the ease of neuro-
tizing both the suprascapular and axillary nerves and achieving the best
results; however, in more extensive injuries, especially global avulsion
palsy, this balance is much more difficult to achieve and a maximum of
one nerve transfer for can be done for the shoulder. This situation gives
rise to the question of whether the results of secondary reconstruction
procedures (fusion or trapezius transfer) are comparable to the results
of single nerve transfer for the shoulder; if the answer is yes, the badly
needed extraplexal donor nerves can be saved for other recipients or for
free functional muscle transfer innervation later on.

Secondary Reconstructive Options

In patients who fail to develop improved shoulder function after prima-
ry nerve reconstruction or in those who present late with no possibility
of nerve repair/transfer, secondary reconstructive surgeries, including
shoulder fusion or muscle transfer, should be the primary choice.

Shoulder Fusion

Inferior subluxation reduction of the shoulder and improving chronic
shoulder pain, which are the usual complaints in brachial plexus inju-
ry patients, are higher priorities than improving range of motion. This
logically leads to the shoulder fusion option, which will achieve stability
and improve pain; however, this procedure makes shoulder motion com-
pletely dependent on scapulothoracic motion, which is deficient in many
patients with brachial plexus injuries [12,13].

The disadvantages of losing passive motion of the shoulder, includ-
ing hindered self-hygiene, should be considered. The irreversibility of the
fusion option is also a significant downside compared with the muscle
transfer option, and frequent complications were reported by Cofield and
Briggs, who noted that the disadvantages of arthrodesis include a high
incidence of fracture, worsening of pain and relative reduction of passive
movements (35% complication rate of persistent pain, pseudarthrosis,
and incorrect positioning) [14]. Aziz et al. also argued that simple trape-
zius transfer is compatible with the later return of some function to other
shoulder girdle muscles, while arthrodesis is irreversible and no benefits
can be derived from any late return of brachial plexus function [15]. There-
fore, some authors, such as Goldner and Saha, have discouraged the fu-
sion option except as a last resort if no donor muscles are available [16].

Additionally, fusion may have more advantages over muscle transfer
in patients with physically demanding work, who still have a good function
in the elbow and hand and those with a post-traumatically impaired shoul-
der articular surface and a passive abduction range less than 80° [171].

Nevertheless, recent technical modifications of shoulder fusion have
shown better outcomes and changed the bad reputation due to the high
complication and nonunion rates. One of the important modifications is
to osteotomize the acromion and prepare the acromiohumeral surface
for fusion in addition to the glenohumeral surface, which increases the
fusion surface area and provides better contouring for plate bending.
Another modification is the use of double plating for fixation as shown
in Figure 1 [18].
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Figure 1. Double plating technique for shoulder fusion.

Muscle Transfers

In selecting the donor muscle for transfer, it is essential to know the avail-
able muscles, their expendability, strength, excursion, and proper vector
to permit function. The difficulty comes from the relatively few functional
muscles that are available for donation; their expendability is unclear.
Additionally, the accurate determination of strength is difficult because
of the complex interaction of forces in the shoulder girdle. However,
in plexus injuries, the trapezius, levator scapulae, and rhomboids have
been reported to be present or to recover in 96% of patients [19].

The trapezius muscle is spared because of its innervation by the spi-
nal accessory nerve in addition to contributions from C3 and C4. How-
ever, it is also usually hypertrophied with deltoid paralysis [20], which is
why trapezius transfer is the most commonly reported tendon transfer
for shoulder reconstruction in adult brachial palsy [21]. Transfer of the
latissimus dorsi and/or teres major may be useful in upper trunk injury,
as they are paralyzed in global or complete palsy, which are the most
common in adults. Other transfers that should be considered include the
levator scapulae, pectoralis major, long heads of the biceps and triceps,
and pedicled latissimus flaps.

Multidirectional shoulder instability and insufficient abduction/for-
ward flexion are the indications for trapezius transfer; however, insta-
bility remains the main indication and takes more priority than the defi-
cient abduction. Before deciding on a trapezius transfer, exploration of
the plexus, neurolysis, repair, nerve transfer or nerve grafting must have
been conducted and no improvement obtained after intensive conser-
vative therapy. Paralysis of the deltoid muscle must be complete. The
trapezius muscle must show full strength against resistance. To carry out
the transfer it is essential that the preoperative passive shoulder abduc-
tion is at least 80° [22].

Operative Technique Evolution
Upper Trapezius Transfer Technique

Trapezius transfer was first described by Hoffa (1891) and then by Lewis
(1910) and Lange (1911). The shortage of the trapezius tendon in reach-
ing the deltoid insertion is addressed by elongation with the fascia lata,
which is assumed to be a cause of stretching and scarring, leading to
poor results [23].

Then, transfer of the trapezius acromial insertion to the proximal
end of the humerus was described by Bateman (1955). However, short-
age of the lever arm of the transferred trapezius was still an issue. Thus,
Saha (1967) modified the technique to provide a more distal fixation of
the transfer just distal to the greater tuberosity after a more proximal
release, providing a greater lever arm. Additionally, osteotomizing the
acromion allows better fixation to the narrow cylindrical shaft of the hu-
merus. Fixation was provided by two 6.5-mm cancellous screws, with the
shoulder positioned in abduction from 80° to 90°. Since that time, Saha’s
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name has been associated with the operation.

RUhmann et al. have several publications on trapezius transfer in
adult brachial plexus injury [17,22,23]. Originally, RUhmann used Saha's
technique; then, he modified the method by suturing the partially freed
deltoid muscle under maximum tension on top of the trapezius as far
medially as possible. Therefore, the trapezius power acts on the humerus
along the deltoid insertion area. He reported significant improvement in
outcomes with his modification.

As such, RUhmann’'s modification of Saha's technique is the most
recently described technique. In this technique, the patient is set in the
lateral decubitus, and a Y-shaped incision is made with the paired limbs
over the clavicle and the spine of the scapula and the vertical limb over
the humeral head. The trapezius, deltoid, acromion, clavicle and spine
of the scapula are widely exposed. Then, the deltoid is mobilized from
the clavicle, the acromion, and the spine of the scapula. Additionally, the
upper trapezius is detached from the spine of the scapula and clavicle.
The acromion, including the trapezius insertion, is osteotomized from the
spine of the scapula. Then, the deltoid and proximal humerus decortica-
tion are split longitudinally. The rotator cuff should be left untouched.
At 90° of shoulder abduction, the acromion should be transferred to the
humerus just below the greater tuberosity and fixed with two 6.5-mm
cancellous screws.

The point of fixation as described by Rihmann was as distal as pos-
sible to increase the lever arm; however, trapezius excursion may be lost
with maximum distalization. Additionally, he had assumed that the fixa-

Figure 2. (A) Fixation of transferred trapezius with its acromial attachment
to proximal humerus. (B) Suturing of deltoid over transferred trapezius.
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tion point will determine the post-operative function, i.e., anterolateral
acromion positioning will lead to an improvement in abduction, forward
flexion and internal rotation, and posterolateral acromion positioning
will lead to an increase in retroversion and external rotation. Lastly, the
deltoid muscle is sutured under maximum tension on top of the trape-
zius as far medially as possible as in Figure 2.

The post-operative upper limb immobilization for six weeks in a dif-
ficult position in terms of abduction and external rotation may be one of
the major drawbacks of the procedure.

Lower Trapezius Transfer Technique

In the original technique described by Elhassan et al. for lower trape-
zius transfer, prolongation of the lower trapezius with a tendon allograft
was used to transfer the lower trapezius to the infraspinatus [24]. Then,
he modified his technique with the direct transfer of the lower trapezius
tendon to the infraspinatus tendon without using a graft. Two incisions
were used; the first being 2 cm medial to the scapula to harvest the lower
trapezius and separate it from the middle trapezius while protecting the
spinal accessory nerve, and the second incision being lateral to expose
the infraspinatus tendon and peel off the muscle fibers to obtain an ap-
proximately 7 cm length of the tendon, which makes the direct transfer
possible without a graft. A deep subcutaneous tunnel between the me-
dial and lateral incision is used to pass the lower trapezius tendon to the
infraspinatus tendon as in Figure 3, and tensioning is performed in full
external rotation.

Figure 3. (A) Lower trapezius harvesting and passage through subcutane-
ous tunnel. (B) Suturing lower trapezius tendon in infraspinatus tendon.
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Table 1. Results of Different Trapezius Transfer Techniques

Mean Preoper- Mean Post-Op-

Authors N?' of Preoperative Status Operative Technique ative Shoulder = erative Shoul- = External Rotation
Patients . A
Abduction der Abduction

5 cases complete palsy
Aziz et al. , I
[15] 27 16 cases C5-6 roots Saha's modification 4° (0 to 30) 45° (20 to 120) _

' 6 cases C5-6-7 roots
R, 8 cases brachial plexus
[25]‘" ’ 26 18 cases post- Saha's modification Not mentioned 46° _
poliomyelitis
Mir-Bullo et al. Brachial plexus injury P
ha" fi 13° (0- 76° 1
[26] 6 (ot specified) Saha's modification 3°(0-30) 6° (50 to 100) _
! : 6 cases C5-6

?g;’]"rea etal. 10 one case C5-6-7 Saha's modification 3.1°(0° to 30°) 50 _

3 cases complete palsy

u A 37 cases complete pals 58: Saha's modification -

Riihmann et al 80 p . palsy - ation 6° (0 to 45) 34° (5 to 90) Same pre a.nd
[27] 43 cases partial BPI 22: Rihmann’s modification post-operative

13 cases complete palsy )
Bassem 12 cases C5-6 roots . Lovyer trapezms to .
Elhassan et al. 52 . o infraspinatus in all cases + 10° 50° 20° mean ER gain
[28] cases £5-6-7100ts  pishmann's modification in 39

5 cases C5-6-7-8 roots

Bertelli et al. 3 cases C5-6 roots

[29] 4 cases C5-6-7 roots

Discussion

Evaluation of reports in the literature of trapezius transfer may be dif-
ficult due to the variations in the indications used in each study, and a
comparison of the different outcomes may be inappropriate (Table 1).
For example, some studies reported optimistic results for post-operative
abduction (60° by Kotwal et al., and 76° by Mir-Bullo et al.), but in the
Kotwal study, preoperative abduction range was not reported, and in the
Mir-Bullo study, few cases were reported to have a preoperative abduc-
tion recovery of 30°. Another important confounder that hampers the
unbiased mass analysis of the literature, is the strength of the parascap-
ular muscles, pectoralis major, triceps and biceps. When these muscles
are preserved, RUhmann et al. reported an average abduction of 42° in
comparison with 28° of abduction in completely flail shoulders [23].

A correlation between the biceps status and shoulder stability out-
come has been noticed by some authors, which may be due to the long
head of the biceps compensating for shoulder instability [22,23,29].

However, scapular winging due to serratus anterior paralysis may be
the most important factor of poor results for either trapezius transfer or
shoulder fusion, as whatever the range of motion achieved after those
surgeries, it is mostly coming from the scapulothoracic motion. Serratus
anterior paralysis had been accepted by many authors to be a contrain-
dication for shoulder fusion; however, recently, some authors considered
scapular winging a contraindication for trapezius transfer as well [29].

Trapezius transfer has been claimed to provide only a tenodesis ef-
fect on the glenohumeral joint and to only provide good functional ab-
duction outcomes via good parascapular and pectoralis major muscles,
as well as biceps and triceps [30]. This poor active action on the glenohu-
meral joint can be explained biomechanically by the humeral head up-
ward migration effect due to reconstructing the deltoid and neglecting
the rotator cuff reconstruction, which led to the recent evolution of the
combined reconstruction of the deltoid and rotator cuff. Elhasssan et al.
emphasized the importance of addressing external rotation and not only
abduction in adult brachial plexus injuries. However, as mentioned for
adults, unlike in pediatric cases, the donor muscles available for transfer
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Lower trapezius to
7 infraspinatus + Rihmann'’s 0° 38°
modification in all cases

Post-operative
104° mean ER
from full IR
position

are limited as the latissimus dorsi and teres major are usually paralyzed.

This situation gives rise to the need for using the trapezius to re-
construct two actions, abduction and external rotation, by transferring
the upper trapezius to the deltoid and the lower trapezius to the infra-
spinatus trapezius, a multipennate muscle that according to Herzberg et
al., can be divided into the functional subcomponents [6]. Independent
control of the upper and lower trapezius muscle has been confirmed by
Holterman et al. [31].

Promising results were obtained with the combined abduction and
external rotation reconstruction using the upper and lower trapezius by
Bertelli et al. in seven cases, with a mean abduction of 39° and external
rotation of 104° from the full internal rotation position [29]. These results
agree with those of a study by Elhassan et al. on fifty-two cases, in which
he transferred the lower portion of the trapezius muscle to the infraspi-
natus in isolation in five patients and as part of multiple tendon transfers,
including the upper and middle portions of the trapezius, to the deltoid
in thirty-nine patients; outcomes of a mean external rotation gain of 20°
and a mean abduction gain of 40° were recorded [28].

In most of cases that have been managed previously by prima-
ry nerve reconstruction, the spinal accessory nerve is used as a donor
nerve. In these cases, the middle and lower trapezius are paralyzed,
which precludes use of the lower trapezius for tendon transfer. Never-
theless, upper trapezius tendon transfer is still possible in cases where
the spinal accessory nerve was used previously for nerve transfer [16].
However, a comparison of the outcomes of trapezius transfer with or
without a previous spinal accessory nerve transfer has not yet appeared
in the literature.

Further research is required to determine the expected outcomes
of trapezius transfer after prior spinal accessory nerve use for nerve
transfer. Are the outcomes comparable to the results of the classic single
spinal accessory nerve to suprascapular nerve transfer? If so, a strategy
worth considering is saving the spinal accessory nerve to neurotize the
elbow flexors or free gracilis for finger flexion in total brachial plexus and
depending on trapezius transfer for reconstructing the shoulder.
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Conclusion

While primary nerve reconstruction is the gold standard management
choice in the early presentation of brachial plexus injuries, secondary
shoulder reconstruction options (fusion or trapezius transfer) still have
their indications in late presenting cases (>1 year after injury) or cases of
failed nerve surgery (>2 years after surgery). The wide variability of the
extent of injury within that the spectrum of indicated cases for second-
ary shoulder reconstruction leads to variable outcomes. Outcomes can
range from very good results in cases of partial brachial plexus injuries
(preserved parascapular and pectoralis major muscles) presenting late in
which the spinal accessory nerve was not previously used with the upper
and lower trapezius for possible restoration of abduction and external
rotation to poor results in cases of total brachial plexus injuries (winging
scapula) presenting after failed nerve surgery in which the spinal acces-
sory nerve was used for nerve transfer and the possibility of using the
lower trapezius is precluded and no other donor nerves are available for
tendon transfer.

As shoulder fusion with the modified techniques of acromion os-
teotomy and the use of double plating for fixation has achieved better
outcomes and fewer complications, the procedure still has its place, es-
pecially in patients with the high physical demands, post-traumatically
arthritic articular surface, and stiff shoulders.

Rihmann’s modification of Saha’s technique with acromion osteoto-
my fixation as distally as possible and tensioning the deltoid closure has
achieved improved outcomes in terms of stability and abduction recov-
ery. Promising reports of lower trapezius transfer to the infraspinatus
make external rotation recovery (which is functionally significant) possi-
ble in these patients. However, this new transfer is not available in many
cases off failed nerve surgery, as the spinal accessory nerve has usually
been transferred.
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