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tears occurring at nearly twice the rate of full thickness tears. For those with acromion spurs
unresponsive to conservative treatment, rotator cuff repair via the take-down method poses a
retear risk and requires extensive rehabilitation. Conversely, surgery utilizing bio-inductive
collagen implants shows a lower retear risk and enables faster recovery, making it an appealing
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option for wheelchair athletes. Thus, the authors aim to present favorable outcomes from isolated
bio-inductive collagen implant repair in a 45-year-old female wheelchair tennis player with a
bursal side partial thickness tear, alongside a literature review.
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Introduction

Patients with lower limb paralysis often rely on their upper limbs for mobility and daily activities,
resulting in significant weight-bearing stress on their arm and shoulders [1]. To maintain the
stability of the shoulder joint under weight-bearing stress, both the condition of static stabilizers
like bony structures and ligaments, as well as dynamic stabilizers like the rotator cuff, are crucial.
Consequently, the incidence of rotator cuff diseases is rising in patient with lower limb disability

[2]. Studies indicate that the incidence of rotator cuff disorders in patients with lower limb

CCBY license
Ehttps- /)/creativecommons org/l disabilities is more than twice that of the general population [3]. However, due to the concern of
censes/by/4.0/). not being able to use their upper limbs for weight-bearing during recovery and the higher re-tear

rates compared to the general population, surgical treatment is performed at a very low rate in
patients with lower limb paralysis [4]. Another report revealed that even with the difficult choice to pursue surgical treatment
and a weight-bearing restriction for 3 months afterward, the re-tear rate remained significant at 25% [5].

Wheelchair tennis stands out as the most widely played adapted racket sport; however, it is associated with a significant
frequency of shoulder issues [6]. In wheelchair tennis, holding the racket with one hand means that more force is applied to the
opposite shoulder to turn the wheel and the seated position during strokes exerts significant stress on the shoulder mechanics.6
In wheelchair racket players, careful consideration is necessary during rotator cuff repair to facilitate a successful return to sports,
as re-tears and collisions between the humerus and acromion may result in recurring shoulder pain.

Recent studies have reported positive clinical outcomes with the Bio-inductive collagen implant (REGENETEN; Smith &
Nephew) [7,8]. Specifically, the Bio-inductive collagen implant has shown significant improvements in clinical symptoms for
partial rotator cuff tears. Unlike traditional rotator cuff repairs, this implant offers a shorter immobilization period and faster
recovery [8,9]. Furthermore, as there is no risk of re-tear, this approach offers benefits for athletes aiming for a swift return to
their sport and for individuals with lower body paralysis who rely on their upper limbs for weight-bearing, since it reduces the
chance of re-injury.
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We think that using a bio-inductive collagen implant to treat paraplegic players with partial thickness rotator cuff injuries who
exhibit persistent pain is an effective method for preventing re-tear and achieving rapid recovery. They aim to report a case study
along with a review of the literature on this approach.

Case Report

A 45-year-old female wheelchair tennis player presented with persistent left shoulder pain for over a year. Her Visual Analog
Scale (VAS) score was 8 and despite multiple injection treatments at another hospital, her pain had not improved. Both
impingement signs I and II were positive and the empty can test was also positive. Shoulder Range of Motion (ROM) was normal
without limitations, but she reported persistent pain affecting her performance. Magnetic Resonance Image (MRI) revealed a
large subacromial spur and a partial thickness tear on the bursal side of the supraspinatus, with no damage observed in the
subscapularis or posterior cuff (Fig. 1).

Technical Note

The surgery was carried out in the sitting position using a regional anesthesia. First, a diagnostic exam was performed using the
posterior veiwing portal (Fig. 2). After confirming that there was no lesion in the glenohumeral joint, we approached the
subacromial space. After sufficient bursectomy was performed to secure space, the large spur of the acromion was removed and
acromioplasty was performed flat (Fig. 2).

After determining the insertion site for the bio-induced collagen implant, the position for the medial soft anchor was placed just
lateral to the acromion to establish a superolateral portal, followed by insertion through the lateral portal. The bio-inductive
collagen implant is positioned to cover the musculotendinous junction medially and the greater tuberosity laterally (Fig. 3). Care
is taken to ensure that the implant does not shift its position when tendon anchors are inserted. The implant is secured medially
and in the midsection using 5-6 tendon anchors (Fig. 3). A probe was used to press and stabilize the fixed bio-inductive collagen
implant while carefully pulling the delivery device downward to remove it.

Three bone anchors were used to secure the lateral aspect of the bio-inductive collagen implant through the lateral portal. Care
was taken to avoid excessive tension during fixation, as too much pulling could cause the implant to tear and placing the anchors
too aggressively might result in the anchors penetrating through the implant without properly securing it. Appropriate force
was used to ensure a firm fixation (Fig.3). Afterward, additional solid fixation was achieved by placing one or two tendon anchors
in the central area where the delivery device had been removed (Fig. 3,4).

Post-operative Management and Outcomes

An ultra-sling was worn for 2 weeks post-surgery. Pendulum exercises commenced one day after the operation, followed by
passive ROM exercises at one week, assisted active ROM at two weeks and active exercises starting at four weeks. Weight-
bearing with crutches was restricted for 4 weeks post-surgery and the use of an electric wheelchair was recommended during
this period.

Training and practice for tennis were allowed starting 6 weeks post-surgery, while return to actual matches was permitted at 12
weeks after an MRI confirmed the condition of the fixed bio-inductive collagen implant (Fig. 5). At six months post-surgery, MRI
showed no signs of graft failure and confirmed healing of the partial thickness tear of supraspinatus (Fig. 6). The VAS score was
0, indicating a significant reduction in shoulder discomfort during games. The American Shoulder and Elbow Score and the
Constant shoulder score both reached 100, reflecting excellent outcomes.
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Figure 1: Bursal side partial thickness supraspinatus tear with subacromial spur was observed on the preoperative magnetic
resonance imaging.
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Figure 2: (A) Bursal side partial thickness supraspinatus tear was observed (B) The large spur of the acromion was removed
and acromioplasty was performed flat.
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Figure 3: (A) The bioinductive collagen implant is positioned to cover the musculotendinous junction medially and the greater
tuberosity laterally. (B) The implant is secured medially and in the midsection using 5-6 tendon anchors . (C) Three bone
anchors were used to secure the lateral aspect of the collagen implant through the lateral portal. (D) Additional solid fixation
was achieved by placing one or two tendon anchors in the central area where the delivery device had been removed.
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Figure 4: A bio-inductive collagen implant located on the tendon is observed in a post-operative magnetic resonance image.

Figure 5: In a magnetic resonance image 3 months after surgery, the bursal side partial tear was observed to have recovered,
but the bio-inductive collagen implant was observed to have not yet been absorbed.
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Figure 6: A magnetic resonance image 6 months after surgery showed that the bio-inductive collagen implant was absorbed
and the bursal side partial tear was fully recovered.

Discussion

Rotator cuff disorders have a high incidence in patients with lower limb paralysis, but the lengthy rehabilitation period and
elevated re-tear rates make treatment particularly challenging. Recent studies report pain and functional improvement after
rotator cuff repair in patients with lower limb paralysis; however, long-term follow-up shows higher re-tear and recurrence rates
compared to the general population [5,10]. To avoid re-tears, an extended period of immobilization and subsequent rehabilitation
is necessary, which can significantly impact athletic performance, increasing the treatment burden for athletes. Furthermore,
studies highlighting the potential for long-term pain recurrence after surgery make the choice of surgical treatment even more
challenging.

In paraplegic patients, the majority of rotator cuff tears affect the supraspinatus. Mall, et al., ported that in patients with lower
limb paralysis, rotator cuff tears predominantly occur in the supraspinatus or subscapularis, while tears in the infraspinatus are
rare [11]. These patterns of rotator cuff damage are closely related to the lifestyle of patients with lower limb paralysis. Since they
rely on their upper limbs for weight-bearing during transfers, using crutches or operating wheelchairs, vertical forces are
transmitted to the shoulders, making injuries to the upper rotator cuff more common. Akbar, et al., also reported that the rate of
supraspinatus tears in patients with lower limb paralysis is over 60%, showing a statistically significant higher incidence
compared to the general population control group [3]. Therefore, in patients with lower limb paralysis, it is essential to consider
vertical stress from weight-bearing to prevent recurrence even after rotator cuff surgery.

Recently, several studies have examined the use of bio-induced collagen implants for treating rotator cuff tears. Bushnell, et al.,
reported in 2021 that these implants led to a statistically significant reduction in re-tears and improved clinical outcomes after
surgery. Moreover, their multicenter case series compared the bio-induced collagen implant technique to the take-down and
repair method for partial thickness rotator cuff tears, demonstrating superior initial clinical results within six weeks [8,12,13].

Bushnell, et al., described the bio-induced collagen implant technique as a highly useful alternative for treating shoulder pain
due to partial thickness tear of rotator cuff that do not resolve with conservative treatment [8]. Therefore, we believe that the bio-
induced collagen implant technique, which has a shorter immobilization period and poses a lower risk of re-tear compared to
traditional take down and repair methods, enables a quicker return to daily activities and faster clinical recovery. This makes it
a particularly valuable treatment option for athletes who need to return to competition quickly.
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Additionally, paraplegic patients must bear weight on the shoulder joint, which necessitates a longer immobilization period with
the take-down and repair method due to the risk of re-tear. In contrast, the bio-induced collagen implant technique offers greater
freedom from this risk. Moreover, it provides coverage for the sensory nerves located on the rotator cuff bursal side, potentially
reducing shoulder pain that can occur during axial load due to irrigation with the acromion, making it a more advantageous
option.

Conclusion

To establish the statistical significance of the bio-induced collagen implant technique outcomes in paraplegic tennis players,
further evaluation with larger sample sizes are necessary. We aim to present a case study of a 45-year-old female paraplegic
tennis player who, after undergoing the bio-induced collagen implant procedure, experienced improvements in pain and clinical
outcomes without any graft failure, accompanied by a literature review.
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