Original Scientific Research

Journal of Shoulder and Elbow
Arthroplasty

A Biomechanical Analysis of Shoulder Muscle  \..>c7

© The Author(s) 2022

Excursions During Abduction, After the Arace rese gudelnes:

. sagepub.com/journals-permissions
Treatment of Massive Irreparable Rotator DO 10117772471545221 10300
Cuff Tears Using Superior Capsular ®SAGE

Reconstruction (SCR), Bursal Acromial
Reconstruction (BAR), and SCR with BAR

Michael Labib' (©, Farid Amirouche2’3, Sonia Pradhanz,
Aimee Bobko? and Jason Koh®

Abstract

Introduction: Current understanding of the biomechanical effects of treatment options for irreparable rotator cuff (RC)
tears is lacking. This study examines how shoulder muscle lengths and excursions are affected by superior capsular recon-
struction (SCR), bursal acromial reconstruction (BAR), and SCR with BAR, following a complete supraspinatus tear.
Method: Six fresh-frozen cadaveric shoulders were examined. Deltoid and RC muscle lengths were measured at 0, 30, 45,
60, and 90° of shoulder abduction under six conditions: () intact, (2) partially torn supraspinatus, (3) completely torn supras-
pinatus, (4) SCR, (5) SCR with BAR, and (6) BAR. Muscle excursions from 0-90° of abduction were then calculated.
Results: Subscapularis muscle lengths after SCR, BAR, and SCR with BAR were significantly greater (post-hoc Tukey HSD
test; p <.0l) compared to the other conditions. Supraspinatus, infraspinatus, teres minor, and deltoid lengths were not sig-
nificantly different (ANOVA test; p >.01) between the conditions. All muscle excursions remained statistically similar between
the conditions (ANOVA test; p>.01).

Conclusion: These findings demonstrate that the use of SCR, BAR, or SCR with BAR for a complete supraspinatus tear, may
increase subscapularis muscle length while maintaining other shoulder muscle lengths. An increase in subscapularis length can
allow for more effective subscapularis muscle strengthening and increased compensatory function in the long term.
Additionally, all shoulder muscle excursions are preserved after partial or complete supraspinatus tears and after SCR,
BAR, or SCR with BAR. Therefore, these surgical treatments can initially normalize shoulder muscle function during 0-
90° of abduction, after an irreparable supraspinatus tear.
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glenohumeral joint.'> However, these muscles are also
involved in stabilizing the joint and aid in abduction.®*

The supraspinatus is the most commonly torn RC muscle.”
Typically, a degenerative supraspinatus tear begins at the ante-
rior insertion of the tendon then gradually extends posteriorly,
resulting in a complete tear.” When a supraspinatus is
completely torn, the other RC muscles maintain joint motion
and stability,” while the deltoid becomes the primary shoulder
abductor.

Although conservative and surgical treatments for RC
tears have significantly improved, 30% of all RC tears are
categorized as massive and irreparable, posing an extreme
challenge for surgeons.® Massive, irreparable RC tears are
generally defined as RC lesions larger than 5 cm or tears
encompassing two or more tendons.” Other factors affecting
repairability include muscle fatty degeneration (Goutallier
stage III-IV), muscle atrophy (greater than Thomazeau
stage III), acromiohumeral distance less than 6-7 mm, and
tendon retraction (Patte stage III or more). Treatment strate-
gies for irreparable RC tears include physical therapy, debri-
dement, partial repair, tendon transfer, reverse shoulder
arthroplasty (RSA), superior capsular reconstruction (SCR),
and bursal acromial reconstruction (BAR).”® RSA is gener-
ally the most researched treatment strategy for irreparable
tears’ while superior capsular reconstruction (SCR) and
bursal acromial reconstruction (BAR) are fairly new
options. Although RSA has proven to provide appropriately
indicated patients with good-excellent outcomes, some
patient groups suffer from complications and less favourable
outcomes.'® SCR and BAR are both new and less invasive
surgical alternatives for massive, irreparable RC tears that
target specific patient groups.'®'" SCR using allografts has
become a favourable arthroscopic surgical technique for
younger patients due to improved postoperative outcomes
compared to other techniques.”'? It is limited to younger,
symptomatic patients without moderate to severe rotator
cuff arthropathy (Hamada classification type >3), nerve or
deltoid dysfunction, glenohumeral osteoarthritis, and a torn
or irreparable subscapularis.'®'? BAR is a less expensive
and challenging alternative to SCR and other RC tear surgical
treatment options.® Compared to alternative approaches, it
also provides patients with the advantage of a faster postoper-
ative recovery.® The proposed indications for BAR are elderly
patients (age > 75 years) with painful, well-compensated,
irreparable RCTs with minimal glenohumeral degenerative
arthropathy.®'" However, one study described that younger
patients with a preserved joint and pseudoparalysis can be
indicated for SCR with a BAR. This provides them with the
advantage of a potential head depressor effect due to the
double thickness of graft material to a standard SCR."'

The importance of muscle length measurement for preopera-
tive shoulder arthroplasty planning was previously described by
Pitocchi et al. Automated methods with statistical shape models
and computed tomography have been used to measure deltoid
and RC muscles preoperation. Measuring muscle excursion

during surgery and post-operation has also been discussed as a
potential prognostic factor of muscle recovery after tendon
injury.'*'> Jeon et al. identified that eight weeks post-operation,
muscle excursion recovers by 0.6% of the percentage of mea-
sured muscle excursion during tendon repair surgery.'* In addi-
tion, Chung et al. found that maintenance of muscle excursion,
eight weeks after tenotomy, was critical in protecting against
muscle contracture.'” Many studies have shown that a change
in a muscle’s excursion can also have a large effect on the
amount of muscle force produced'® and muscle excursion has
also been identified as proportionate to serial sarcomere
number."” " Since SCR and BAR affect glenohumeral
positioning,'"*° identifying how they affect deltoid and RC
muscle lengths and excursions is essential to understanding the
different treatment options and optimizing patient recovery
post-operation.

Biomechanical studies generally investigate the effects of
irreparable RC tear treatment options on muscle moment
arms and abduction forces.>*'** However, there is a scarcity
of research on the biomechanical effects of RC tears and
newer treatment options. One study compared the excursion
demands of the teres minor and infraspinatus muscles during
abduction after a non-offset and offset reverse total shoulder
arthroplasty.”® In addition, Wagner et al described the impor-
tance of maximizing excursion during arthroscopically-assisted
latissimus dorsi and lower trapezius transfer for RC tears.**
However, there is no existing literature on the effects of an
SCR and BAR for irreparable RC tears on deltoid and RC
muscle excursion. This biomechanical study examines the
change in excursions that the deltoid and RC muscles
undergo following an SCR, BAR, and SCR with BAR, for a
complete irreparable supraspinatus tear.

Materials and Methods

Specimen Preparation

Six fresh-frozen cadaveric shoulders were used for this study.
The shoulders were thawed, and all overlying soft tissues
were carefully removed. During dissection, the shoulders
were visually examined to ensure they did not have any
deformities, prior RC injury or surgeries, or presence of oste-
oarthritis. The joint capsule, coracoacromial ligament, four
RC muscles and the tendinous heads of the pectoralis
major, latissimus dorsi and three heads of the deltoid were
preserved. Tendinous muscle insertions were secured using
sutures. The medial two-thirds of the scapulae were fixed
in a block of Plaster of Paris mold and mounted to a
custom biomechanical experimental apparatus (Figure 1)

Experiment Setup

Nylon strings were attached to each muscle insertion site and
passed through a pulley system with free-hanging weights on
the other side of the apparatus (Figure 1). The loading protocol
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Figure |. Shoulder experiment apparatus design along with Optotrak Certus placement. The deltoid and each of the four rotator cuff
muscles have labeled attachment points. Static weights were employed in the pulley system to balance the glenohumeral joint during

abduction.

used for the experimental frame was based on the recommenda-
tions of Mihata et al.: 5 N for teres minor, 5 N for infraspinatus,
10 N for pectoralis major, 10 N for latissimus dorsi, 10 N for
supraspinatus, 10 N for subscapularis, and 40 N for the
deltoid.**° In addition, the deltoid was loaded with an addi-
tional 40 N before the abduction to create an abduction moment.

The frontal plane of the shoulder was motion captured during
abduction using digitized points tracked, in 3-dimensional space,
utilizing a 3-camera Optotrak Certus (Northern Digital Inc.,
2006), two Orthopedic Research Pin markers, and First
Principles software. The digital points tracked for this study
were chosen on the origin and insertion of the deltoid and each
of the four RC muscles. An additional digital point was added
on the humerus to capture angular displacement when the shoul-
ders were abducted. The placement of these points is shown in
Figure 2. Each shoulder was then manually abducted in a break-
ing motion from 0° to 90° with holds at 30, 45, 60, and 90° under
six different conditions: (1) intact RC, (2) partial supraspinatus
tear, (3) complete supraspinatus tear, (4) SCR, (5) SCR+
BAR, and (6) BAR only. The points that were digitized and
tracked with Optotrak are mentioned in Table 1.

Excursion Calculation

The digital points tracked along the origin and insertion of
each muscle were output as 3-dimensional coordinates in rela-
tion to specific markers. Muscle excursions were calculated for
different combinations of muscle fibers for each muscle. The
displacement formula ((x—x)"2+(y—y )2+ (z—7)"2)

was used to get the length of each muscle as it travelled
from 0° to 90° of abduction. The muscle trends may be posi-
tive, showing lengthening or negative, showing shortening.
The trends may also be parabolic, increasing at lesser angles
and stabilizing curves at higher grades. Although the supraspi-
natus was completely torn in some conditions, its length and
excursion were assumed by measuring the distance from the
fibers’ origin and insertion sites. These measurements are
not biomechanically nor clinically relevant for the following
conditions: complete tear, SCR, SCR with BAR, and BAR.

Statistical Analysis

Deltoid and RC muscle data were imported into Microsoft
Excel (version 2107) and Astasa (Vasavada, 2016). Mean
muscle lengths were calculated at all abduction angles were
calculated after each condition. Mean muscle excursions
from 0-90°, were calculated for the muscles after each con-
dition. Conditions were then compared using one-way
ANOVA and post-hoc Tukey testing on mean muscle
length and excursion values.

Results

Supraspinatus

BAR resulted in the highest mean supraspinatus muscle length
(171.92 mm), followed by SCR with BAR (169.82 mm), SCR
(166.62 mm), complete RC tear (149.64 mm), partial



Journal of Shoulder and Elbow Arthroplasty

Supraspinatus

Infraspinatus

X Teres minor
Subscapularis

Posterior view

Anterior view

Supraspinatus

m—
—_—

Infraspinatus

. Teres minor
Subscapularis

Anterior view Posterior view

Figure 2. This figure identifies the digitized points tracked with Optotrak. Several points were digitized at the origin and insertion of each
muscle. For the deltoid (red), eleven points were digitized (8 at origin and 3 at insertion). For the supraspinatus (yellow), five points have
been digitized (3 at the origin and 2 at the insertion). For the infraspinatus (green), eight points were digitized (5 at the origin and 3 at the
insertion). For the teres minor (pink), five points have been digitized (3 at the origin and 2 at the insertion). For the subscapularis (blue),
seven points were digitized (5 at the origin and 2 at the insertion). These digitized points were used to track muscle measurements from 0°—
90° of shoulder abduction. The vector lines between origin and insertion points show the muscle fibre bundle lines that were measured to
calculate muscle lengths. For the larger muscles, vector lines have been drawn across fibre bundles to account for the crossover of fibres.

supraspinatus tear (148.63 mm), then lastly the intact RC
(147.85 mm) (Table 2). However, these differences were not
significantly different (ANOVA test; p =.766). The complete
supraspinatus tear had the greatest muscle excursion, shorten-
ing by (—)107.61 mm from 0-90°, followed by the partial tear
(—105.23 mm), intact RC (—=94.55 mm), SCR (=93.22 mm),
SCR with BAR (—85.24mm), and finally BAR
(—=73.70 mm). The differences in muscle excursion between
these conditions were not significant (ANOVA test; p =.938).

Infraspinatus

The complete supraspinatus tear resulted in the greatest mean
infraspinatus muscle length (198.86 mm), followed by the
partial tear (194.26 mm), intact RC (193.13 mm), SCR
with BAR (187.00 mm), BAR (185.53 mm), and lastly
SCR (181.37 mm) (Table 2). These differences were not sig-
nificantly different (ANOVA test; p =.0902). The intact RC
resulted in the longest mean muscle excursion (—21.71 mm)
from 0-90° at —21.71 mm, followed by SCR (—20.37 mm),
SCR with BAR (—15.75 mm), the partially torn RC
(—=11.11 mm), complete supraspinatus tear (—8.91 mm),
and finally BAR (—0.46 mm). These differences were not
significantly different (ANOVA test; p =.989).

Teres Minor

The complete supraspinatus tear resulted in the most signifi-
cant mean teres minor length (172.10 mm), followed by the
partial tear (170.34 mm), intact RC (169.24 mm), SCR +
BAR (159.05 mm), SCR (158.44 mm) and finally BAR
(149.76 mm) (Table 2). Differences between the mean teres
minor lengths were not significant (Anova test; p=.382).
All conditions displayed an upward trend in muscle length,

over shoulder abduction until 60° (Figure 3). However,
intact RC, partial RC tear, complete RC tear and SCR with
BAR had a slight decline in mean muscle length from 60—
90°. Mean muscle excursion was greatest after BAR
(51.66 mm), followed by the complete tear (47.74 mm),
SCR with BAR (43.35 mm), SCR (43.07 mm), the partially
torn RC (41.49 mm) and the intact RC (31.23 mm). The differ-
ences between teres minor muscle excursions after the six con-
ditions were not significant (Anova test; p =.961) (Table 3).

Subscapularis

The greatest average subscapularis muscle length was found
after SCR with BAR (195.10 mm), followed by BAR
(191.43 mm), SCR (188.46 mm), intact RC (134.86 mm),
partial RC tear (132.61 mm), then complete RC tear
(130.88 mm). The six conditions were identified as signifi-
cantly different (ANOVA test; p=1.12x10""). SCR,
BAR, and SCR with BAR had significantly different muscle
lengths (post-hoc Tukey HSD test; p<.01) compared to the
intact RC, partial RC tear, and complete supraspinatus tear,
but not between themselves (Table 4). The complete supraspi-
natus tear resulted in the largest subscapularis excursion
(41.85 mm), succeeded by SCR (37.19 mm), the intact RC
(36.25 mm), the partially torn RC (33.55 mm), SCR with
BAR (32.96 mm) and lastly BAR (31.76 mm). However,
these conditions did not result in significantly different subsca-
pularis muscle excursions (ANOVA test; p =.999) (Table 3).

Deltoid

A complete supraspinatus tear resulted in the highest mean
deltoid muscle length (144.00 mm), succeeded by the
partial tear (142.90 mm), intact RC (139.74 mm), SCR
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Table I. Muscle Fiber Combinations.

Muscle Origin

Insertion Fiber combinations

Supraspinatus

Subscapularis

Infraspinatus

Teres minor

Deltoid

Center of humeral head (center
of shoulder joint)

3 points O1, O2, O3 (ant. and post.)

5 points O1, O2, O3, O4, O5 (top to bottom)

5 points O1, O2, O3, O4, O5 (top to bottom)

3 points O1, O2, O3 (top to bottom)

5 points O, O2, O3 (ant. del 3), O4 (mid deltoid 1),
05, 06, O7, O8 (post. Deltoid 4

first point of subscapularis insertion

2 points |1, 12 (ant. and Ant.
post.) « Ol
+ 021

Post.
« 0212
+ 03-12

2 points |1, 12 (diagonal) Sup.
* Ol
+ 021

Mid.
+ 02-12
* 03-12

Inf.

+ O4-12
+ 0O5-12

3 points |1, 12, 13 (sup. To  Sup.
inf.) * Ol
« 0241

« 0212
« 03-12
+ 04-12

+ 043

+ O5-3
2 points |1, 12 (sup. To inf.) Sup.

« Ol

« O2I

e 02-12
e 0O3-12
3 points 11, 12, I3 (ant. and  Ant.
post.) « Ol-ll
o O2-I
e O34l
Mid.
e 0O3-12
e O4-12
Post.
« O5-I3
« 06-I3
e O7-13
« O8-I3
(I-SUBSCAP +
I-SUPRA)/2

second point of
supraspinatus insertion

Points at the origin and insertion of the deltoid and each rotator cuff muscles were digitized and tracked using Optotrak. The fiber combinations examined for
each muscle were named based on origin and insertion points. Abbreviation: O, origin; |, insertion; Ant, anterior; Post, posterior; Sup, superior; Mid, middle; Inf,

inferior.

(131.81 mm), BAR (128.28 m), and lastly, SCR with BAR
(124.60 mm). However, the differences between the condi-
tions were not significantly different (ANOVA test; p=
.573) (Table 2). Generally, all the conditions had a downward
trend in muscle length over shoulder abduction. However, the
partial and complete supraspinatus tears had an increase in

muscle length from 60-90° (Figure 3). From 0-90° of abduc-
tion, SCR with BAR had the biggest effect on mean muscle
excursion (—67.74 mm), followed by SCR (—63.21 mm),
BAR (—62.72 mm), the intact RC (—37.86 mm), the complete
supraspinatus tear (—31.66 mm) and finally the partially torn
RC (—26.84 mm). The differences in the deltoid muscle
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Table 2. Mean Muscle Lengths and Anova Test p-Values in the six
Experimental Conditions: Intact Supraspinatus, Partial
Supraspinatus Tear, Complete Supraspinatus Tear, After Superior
Capsular Reconstruction (SCR), After Bursal Acromial
Reconstruction (BAR), and After SCR with BAR.

Mean Muscle Lengths in
mm (Standard Deviation)

ANOVA p-value
for Muscle Length

Supraspinatus
Intact 147.85 (75.47)
Partial tear 148.63 (74.83) p=.766
Complete 149.64 (77.09)
tear
SCR 166.62 (80.89)
SCR+BAR 169.82 (68.01)
BAR 171.92 (82.73)
Infraspinatus
Intact 193.13 (83.14)
Partial tear 194.26 (75.22) p=.0902
Complete 198.86 (78.72)
tear
SCR 181.37(79.06)
SCR+BAR 187.00 (73.80)
BAR 185.55(83.59)
Teres Minor
Intact 169.23 (101.64)
Partial tear 170.34 (96.31) p=.382
Complete 172.10 (98.52)
tear
SCR 158.44 (67.93)
SCR+BAR 159.05 (66.32)
BAR 149.76 (72.56)
Subscapularis
Intact 134.87 (35.72)
Partial tear 132.61 (34.70) p<.0l (p=1.12x
Complete 130.88 (35.78) 107°%)
tear
SCR 188.46 (57.68)
SCR+BAR 195.10 (57.80)
BAR 191.43 (64.44)
Deltoid
Intact 139.74 (43.24)
Partial tear 142.90 (42.04) p=.573
Complete 144.00 (41.70)
tear
SCR 131.81 (34.25)
SCR+BAR 124.60 (32.70)
BAR 128.28 (37.46)

excursions caused by the different conditions were not signifi-

cant (ANOVA test; p=.108) (Table 3).

Discussion

This study examined the effect of SCR, BAR, and SCR with
BAR on shoulder muscle lengths and excursions during gle-
nohumeral abduction from 0-90°. Our findings indicate that
the use of SCR, BAR, or SCR with BAR may increase
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Figure 3. Mean muscle lengths of supraspinatus, infraspinatus,
teres minor, subscapularis, and deltoid at 0, 30, 45, 60, and 90°.

subscapularis muscle length during shoulder abduction.
Our results also suggest deltoid and RC muscle lengths
during abduction can remain statistically similar to an
intact RC after a partial or complete supraspinatus tear.
Moreover, our findings show that deltoid and RC muscle
excursions remain statistically similar when the supraspina-
tus is intact, partially torn, completely torn, or after SCR,
SCR with BAR, and BAR. Dolan et al revealed similar
results when identifying that after a complete supraspinatus
tear, RC muscles may produce moment arms statistically
indistinguishable from that of an intact RC.*’

The use of SCR, BAR, and SCR with BAR showed no sig-
nificant differences in deltoid, supraspinatus, infraspinatus, and
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Table 3. Mean Muscle Excursions from 0°~90° and Anova Test
p-Values in the six Experimental Conditions: Intact Supraspinatus,
Partial Supraspinatus Tear, Complete Supraspinatus Tear, After
Superior Capsular Reconstruction (SCR), After Bursal Acromial
Reconstruction (BAR), and After SCR with BAR.

Mean Muscle Excursions ANOVA p-value

from 0°-90° in mm for Muscle
(Standard Deviation) Excursion
Supraspinatus
Intact —94.56 (76.96)
Partial tear —105.30 (77.85) p=.938
Complete —107.62 (82.16)
tear
SCR —93.22 (28.61)
SCR+BAR —85.24 (34.06)
BAR —73.69 (51.57)
Infraspinatus
Intact —21.71 (49.86)
Partial tear —11.11 (51.90) p=.989
Complete —8.91 (43.47)
tear
SCR —20.37 (76.91)
SCR+BAR —15.75 (66.09)
BAR —0.46 (51.42)
Teres Minor
Intact 31.23 (38.32)
Partial tear 41.49 (32.80) p=.961
Complete 47.74 (28.64)
tear
SCR 43.07 (45.28)
SCR+BAR 43.35 (43.63)
BAR 51.66 (36.94)
Subscapularis
Intact 36.25 (19.71)
Partial tear 33.55 (20.45) p=.999
Complete 41.85 (38.15)
tear
SCR 37.19 (59.62)
SCR+BAR 32.96 (58.35)
BAR 31.76 (46.99)
Deltoid
Intact —37.86 (28.03)
Partial tear —26.84 (21.56) p=.108
Complete —31.66 (28.83)
tear
SCR —63.21 (42.13)
SCR+BAR —67.74 (35.04)
BAR —62.72 (29.76)

teres minor muscle lengths during glenohumeral abduction.
However, all three procedures resulted in significantly longer
subscapularis muscle lengths during abduction than the
intact, partially torn, and completely torn RCs. This finding
is expected for SCR, given that the graft is stitched to the sub-
scapularis. However, the graft is also sutured to the infraspina-
tus which did not significantly increase in length. This may also

Table 4. Post-hoc Tukey Testing was Performed for Subscapularis
Muscle Lengths Only Since ANOVA did not Identify a Significant
Difference Between all six Conditions, in the Other Muscles.

Post-hoc Tukey HSD test p-values at
95% confidence

Subscapularis

Intact versus Partial tear .900
Intact versus Complete .900
tear

Intact versus SCR .001
Intact versus SCR + BAR .001
Intact versus BAR .001
Partial tear versus .900
Complete tear

Partial tear versus SCR .001
Partial tear versus SCR + .001
BAR

Partial tear versus BAR .001
Complete tear versus .001
SCR

Complete tear versus .001
SCR+ BAR

Complete tear versus .001
BAR

SCR versus SCR + BAR .900
SCR versus BAR .900
SCR + BAR versus BAR .900

For example, there were no significant differences between SCR, BAR, and
SCR with BAR, but all three conditions had substantial differences compared
to intact, partial torn, and completely torn models.

indicate that SCR increased the potential subscapularis com-
pensatory function of shoulder abduction after a complete
supraspinatus tear. BAR generally requires well-compensated
shoulder function to be shown.® Given the anatomy of the
BAR technique, the increase in subscapularis length was not
anticipated. Mean subscapularis muscle length after BAR
was also greater than that after SCR, but this difference was
not statistically significant. Furthermore, the use of SCR with
BAR was expected to result in an increased subscapularis
muscle length, again because of the attachment of the SCR
graft to the subscapularis. SCR with BAR resulted in a
greater subscapularis muscle length than both BAR and
SCR. However, the differences were again insignificant. It
was also not anticipated that SCR, BAR, and SCR with
BAR did not result in significantly different muscle excursions,
given the significant increase in subscapularis muscle length
they caused. Therefore, our findings indicate that SCR, BAR,
and SCR with BAR significantly increase subscapularis
muscle length, allowing for more efficacious subscapularis
muscle strengthening and eventually increased subscapularis
muscle compensatory function during abduction. However,
directly after surgery, stabilizing and abduction function nor-
mally provided by the shoulder muscles, in the intact RC, is
preserved.
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Ward et al previously described that increasing RC muscle
lengths may also allow for more efficacious muscle strength-
ening.' Thus, it can be implied that patients undergoing phys-
ical therapy and muscle strengthening after SCR, SCR with
BAR, and BAR, may even experience increased compensa-
tory abduction function by the subscapularis. Longitudinal
muscle lengthening has also been shown to improve
muscle power generating capacity in patients with reduced
muscle extensibility.”® Subscapularis repair is recommended
for patients with irreparable RC tears, treated with reverse
shoulder arthroplasty (RSA), due to shoulder muscle stiffness
pre-and-post-operation.”” Although subscapularis preserva-
tion or repair are also recommended for SCR and BAR,
patients generally don’t experience post-operative shoulder
instability and muscle stiffness.>® This may be explained
by the significant increase in subscapularis length resulted
by SCR, BAR, and SCR with BAR, which would provide
patients with the ability to increase compensatory function
and stability provided by the subscapularis.®!!20-30=!
Moreover, Halder et al. discussed the importance of the sub-
scapularis in providing a depressor effect for dynamic stabi-
lity;** thus, an increase in subscapularis muscle strength
would also increase shoulder stability. This would suggest
that SCR, BAR, and SCR with BAR may also increase
dynamic shoulder stability by expanding the depressor func-
tion of the subscapularis. Future studies should further
examine the effects of other surgical alternatives on shoulder
muscle compensatory function and stability.

This study aimed to demonstrate the effects of SCR, BAR,
and SCR with BAR on shoulder muscle lengths and excur-
sions during abduction. This was examined to identify how
treatment options affect shoulder muscle functionality after
a complete supraspinatus tear. Our study did have several
limitations, many of which are inherent to biomechanical
cadaveric investigations. Firstly, McClure et al. demonstrated
that the scapula is rotated upwards, posteriorly tilted, and
externally rotated during abduction.®® Therefore, our study
was limited by the experimental apparatus, which held the
scapula in a static position. Moreover, to control independent
variables and improve reproducibility, our measurements
were limited by static loading conditions used in accordance
with previous biomechanical literature by Mihata et al.'*->2°
and Williamson et al.** Measurement of muscle lengths and
excursions was limited by defined vector lines of assumed
force direction from muscle origins and insertions. In vivo,
these forces are much more complex. As with all biomecha-
nical studies, we were also limited to investigating the effects
of the supraspinatus tears at time-zero, where no compensa-
tory mechanisms or healing would have occurred.
Furthermore, our findings are limited to massive tears of
the supraspinatus while most tears classified as massive
and irreparable involve multiple RC tendons.>>® Finally,
our study was also limited by the small number of cadaveric
shoulders examined. Although our results indicated some
significant differences in subscapularis length and no

significant differences in excursions between the six condi-
tions, future studies should examine a larger sample size.

Conclusion

In conclusion, this study reveals that shoulder muscle lengths
and excursions are maintained after a partial or complete
supraspinatus tear. In addition, SCR, BAR, and SCR with
BAR may increase subscapularis muscle length, thus providing
patients with the potential to increase subscapularis compensa-
tory function through more effective muscle strengthening.
However, they retain deltoid and RC muscle excursions
during 0-90° of shoulder abduction so immediate shoulder
muscle stabilization and functionality is maintained statistically
similar to the intact RC. Future research should confirm these
findings in a clinical setting and explore the effect of these sur-
gical techniques on muscle function, in vivo, over time.
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