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Isolated deltoid paralysis is a rare pathology that can occur after axillary nerve injury due to shoulder trauma or infection. This condition

leads to loss of deltoid function that can cause glenohumeral instability and inferior subluxation, resulting in rotator cuff muscle fatigue and

pain. To establish dynamic glenohumeral stability, a novel technique was invented. Humeral suspension is achieved using a double button

implant with non-resorbable high strength cords between the acromion and humeral head. This novel technique was used in two patients

with isolated deltoid paralysis due to axillary nerve injury. The results indicate that the humeral suspension technique is a method that sup-

ports centralizing the humeral head and simultaneously dynamically stabilizes the glenohumeral joint. This approach yielded high patient

satisfaction and reduced pain. Glenohumeral alignment was improved and remained intact 5 years postoperative. The humeral suspension

technique is a promising surgical method for subluxated glenohumeral joint instability due to isolated deltoid paralysis.
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Isolated deltoid paralysis can occur after axillary nerve injury due
to lateral traction on the patient’s neck or shoulder trauma. Less
common causes are infection leading to brachial plexus neuritis
and the quadrilateral space syndrome [1]. The interplay between
the rotator cuff muscles and the deltoid enables stability of the
glenohumeral joint. In the case of deltoid paralysis with a normal
rotator cuff, shoulder function can be maintained, although gle-

nohumeral stability may be reduced. As a consequence, the rota-

tor cuff muscles will be easily exhausted by repetitive shoulder
movements [1,2]. This can lead to pain, fatigability in the shoul-
der region, and positive sulcus sign due to inferior glenohumeral
subluxation. In addition, sensibility loss over the lateral aspect of
the shoulder can be observed [2]. To clinically diagnose deltoid
paralysis, three tests can be used: the Bertelli test, the swallowtail
test, and the deltoid extension lag test, of which the Bertelli test is

the most reliable [2,3]. Within 2—-4 weeks after trauma, electro-
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myography should be performed to confirm the diagnosis and to
establish baseline values. After diagnosing deltoid paralysis, con-
servative treatment with physiotherapy should be started to pre-
serve shoulder strength and mobility [1]. Most axillary nerve le-
sions recover spontaneously. However, if no clinical improve-
ments are seen after 3 months, neurosurgery should be consid-
ered. Neurolysis, neurorrhaphy, nerve grafting, and nerve trans-
fers are described as surgical options and should be performed
within 6 months after injury [1,4]. After primary surgical recon-
struction, secondary surgical procedures, such as a trapezius ten-
don transfer [5], biceps tendon transfer [6], pectoralis major in-
verse plasty [7], and latissimus dorsi tendon transfer [8] may be
of added value to improve upper extremity function. Reverse
shoulder arthroplasty combined with pectoralis major and trape-
zius transfer is another surgical option for deltoid paralysis pa-
tients [9]. These secondary surgical procedures lead to partial or
complete loss of the original function of the transferred muscle.
As a last surgical option, glenohumeral arthrodesis can reduce
pain and create stability, but does decrease shoulder range of mo-
tion [10].

Two male patients aged 47 and 79 years old presented to our
institution with shoulder pain and isolated deltoid paralysis com-
bined with glenohumeral subluxation and instability due to trau-
matic axillary nerve injury (Fig. 1). Their shoulder pain could be
relieved by pushing the humerus cranially, thereby aligning the
humeral head in an improved glenohumeral position. Glenohu-

meral alignment and stability were improved by humeral suspen-

Fig. 1. Preoperative anteroposterior X-ray of the right shoulder of
patient 1 with inferior subluxation.
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sion, which leads to less stretching of the brachial plexus and
shoulder muscles. To establish dynamic stabilization and suspen-
sion of the glenohumeral joint in deltoid paralyzed patients, a
novel surgical technique was developed.

The study protocol was approved by the Institutional Review
Board of METC Zuyderland Medical Center (File nr. 2021021)
and written informed consent was obtained from all patients. In
this article, we present this new operation technique and its

promising short-term follow-up results.

TECHNIQUE

A standard anterior deltopectoral approach is used. An incision
is made from the coracoid process, which extends distally for 8
cm to the upper arm. Subcutaneously, the plane between the del-
toid and pectoralis major is opened, whereby the cephalic vein is
preserved. Releasing fibrotic adhesions in the subdeltoid space.
The humeral head is then moved anterior in a subluxated posi-
tion, which is not difficult because of glenohumeral laxity. In-
spection of the rotator cuff muscles is performed to ensure there
are no rotator cuff tears. A second incision 2 cm in length is
made at the midline of the lateral border of the acromion medial
to lateral with dissection on the acromion bone.

Two bicortical holes 3 mm in diameter are made in the acro-
mion. The two ends of the Fibertape (Arthrex, Naples, FL, USA)
are channeled through an AC Dog Bone Button (Arthrex) and
then the two ends are channeled from cranial to caudal through
the acromion. This step is repeated for the other bicortical hole

in the acromion. Divergent drilling of 4 monocortical holes 3

Fig. 2. Anteroposterior and lateral views of the right shoulder with
Fibertape channeled through the acromion and proximal humerus.
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mm in diameter is performed at the footprint of the greater tu-
bercle. Drill hole is made anterolateral at the insertion of the su-
perior glenohumeral ligament, and drill hole 2 is made 1 cm lat-
eral of hole 1. Holes 3 and 4 are drilled on the posterolateral side
of the greater tubercle, whereby hole 4 is made between the in-
sertion of the infraspinatus and supraspinatus and hole 3 1 cm
anterior to it. The next step is channeling the Fibertape anterior
to posterior through the drill holes. The first Fibertape is chan-
neled through holes 1 and 3 and the second Fibertape through
holes 2 and 4, then the ends of the Fibertape are channeled
through an AC Dog Bone and tightened from posterior to ante-
rior (Fig. 2). Attention should be paid to alignment of the center
of the humeral head with the glenoid fossa to prevent overtight-
ening so that at abduction there is no impingement of the major
tubercle at the acromion and internal rotation is still possible to
the buttock, while external rotation in adduction is still possible
for at least 30°. The glenohumeral anterior-posterior translation
is tested, followed by rinsing, closing, and dressing the wound.
Postoperative, the shoulder is immobilized in a sling for 2
weeks without mobilization restrictions. Clinical and radiological
evaluation should be conducted at 2, 6 and 12 months postoper-

ative.

DISCUSSION

This novel surgical technique is a method to suspend the humer-
al head and dynamically stabilize the glenohumeral joint in del-
toid paralysis. This technique can improve glenohumeral align-
ment, which may lead to improved function of the rotator cuff
muscles, less fatigue, less pain, and less elongation of the brachial
plexus and joint capsule. The basic idea is to reconstruct the
function of the glenohumeral ligaments through tensioning of
the deltoid. Although native tensioning cannot be imitated, this
technique does not disturb the original function of shoulder
musculature as is the case in tendon transfers. In addition, the
theoretical risk of elongation of the transferred tendon is elimi-
nated. Also, this technique maintains the option for future ten-
don transfer, shoulder arthroplasty, or glenohumeral arthrodesis
if shoulder function is not improved, since no structural changes
are made to the original anatomy.

The postoperative results were promising, with a numeric rat-
ing scale (NRS) for patient satisfaction of 9 and 8 for patients 1
and 2, respectively. Pain was reduced from NRS 9 to 1 and NRS 8
to 6 for patients 1 and 2, respectively. Both patients reported that
they would undergo the operation again if they were in the same
situation as before. As is shown in Fig. 3, there was no elongation

of the Fibertape, and glenohumeral alignment remained intact
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after 5 years of follow-up. At the final follow-up, shoulder func-
tion was measured using the Disabilities of the Arm, Shoulder
and Hand (DASH) and Constant-Murley scores. DASH score
was 29 and 32 and Constant-Murley score was 56 and 22 for pa-
tients 1 and 2, respectively. No complications were reported.

It should be emphasized that the indication for this novel tech-
nique is pain that originates from muscle and tendon fatigue, and
not from a neurological cause. If the pain is relieved by manually
suspending the upper arm, this novel humeral suspension tech-
nique could be of value.

A contraindication for this technique is omarthrosis, since
pain will not be reduced with this novel technique in these pa-
tients. Whether partial deltoid paralysis should be a contraindi-
cation for this technique remains unclear. It is hypothesized that
such a muscular imbalance in different parts of the deltoid could
affect active and passive shoulder function. Whether patients
with anatomical glenohumeral arthroplasty or patients with os
acromiale are candidates for this technique remains to be deter-
mined.

Possible drawbacks of this technique may be that in time, elon-
gation or rupture of the Fibertape could occur. Another limita-
tion is channeling of the Dog Bone through the acromion due to
constant loading. Whether the amount of stabilization and sus-
pension of the glenohumeral joint remains consistent during
shoulder abduction is also unclear, since Fibertape tension is re-
duced due to the position of the upper arm. However, deltoid

tension is anatomically reduced in abduction and neither patient

Fig. 3. Anteroposterior X-ray of the right shoulder of patient 1 at
postoperative 5 years.
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mentioned a feeling of subluxation during shoulder abduction or
flexion. The preliminary outcomes of this new technique are
promising; however, more research with a larger study popula-
tion is needed to identify the short- and long-term results of this
technique.
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