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Background: As per some cadaveric studies, blood flow in posterosuperior rotator cuff tendons
improves in the abducted shoulder position compared with the neutral position. In a clinical post
erotator cuff repair scenario, the impact of abduction on altered blood flow in and around the poster-
osuperior rotator cuff tendons is unknown in terms of clinical outcomes and structural healing.
Materials and methods: This study included 42 eligible patients aged between 40 and 70 years with
clinically diagnosed and radiologically confirmed rotator cuff tears undergoing arthroscopic rotator cuff
repair. Patients were randomly allocated to undergo application of either an abduction brace (group 1) or
an arm pouch (group 2). On postoperative day 1, power Doppler scanning was performed on the index
shoulder in adduction and 30� of abduction in each patient; the allocated treatment (abduction brace or
arm pouch) was then applied. Power Doppler scanning was repeated at 6 weeks in the immobilization
position assigned to the patient (abduction or adduction). The vascular flow in 6 regions was noted as per
the criteria of Fealy et al. A visual analog scale score was assessed preoperatively and at 1, 3, 6, 12, and 56
weeks postoperatively. Clinical assessment was performed with the Constant-Murley score at 1 year, and
structural healing of the cuff was assessed using ultrasonography at 3 and 12 months.
Result: On the first postoperative day, blood flowwas significantly higher in all 6 areas of the shoulder in
group 1 than in group 2. The mean total vascular score was significantly higher in group 1 than in group 2
on postoperative day 1 (P ¼ .0001) and remained so at 6 weeks (P ¼ .0001). However, significantly higher
vascular flow was noted only in the peribursal region at 6 weeks in group 1 (P ¼ .04). No significant
difference in the visual analog scale score was noted between the 2 groups at any given point of follow-
up. Furthermore, no clinical and structural healing differences were noted between the 2 groups at final
follow-up.
Conclusion: Higher blood flow in and around the posterosuperior rotator cuff owing to an abducted
shoulder position with an abduction brace in the first 6 weeks postoperatively fails to offer any
advantage in terms of lower pain levels, better clinical scores, or superior cuff healing.

© 2020 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
25
Rotator cuff tears are a common pathology, with an increasing
number of repairs being performed arthroscopically. The clinical
and structural outcomes of a repair are dependent on multiple
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factors. One of the critical factors that affects postoperative out-
comes is healing of the repaired rotator cuff tendon onto the
footprint.9 Multiple factors affect tendon healing onto the footprint,
such as the age of the patient, retraction and quality of tendon, fatty
infiltration, atrophy of rotator cuff tendon, type of repair, vascu-
larity of tendon, and tension of the repaired construct at the time of
repair. Althoughmost of the factors have beenwidely studied in the
literature, very little attention in clinical studies has been paid to
the vascularity of the tendons, which may have a significant role in
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tendon healing. Rathbun and Macnab23 concluded that abducting
the shoulder results in greater filling of the vessels in the supra-
spinatus insertion compared with the adducted shoulder. Many
cadaveric and animal studies have concluded that an abducted arm
has a mechanical advantage. In a human cadaveric study, Reilly
et al24 showed that 30� of abduction reduced load and gap for-
mation at the repair site of the supraspinatus tendon. In an ovine
model, Andres et al2 concluded that abduction results in decreased
contact pressures over the footprint. In a magnetic resonance im-
aging study of human cadavers, Bey et al3 found that the strain
values in the supraspinatus remain low at lower angles of abduc-
tion but considerably increase at 60� of abduction. Furthermore,
Davidson and Rivenburgh6 reported that an increased amount of
passive tension at the repair site, measured during surgery, is
associated with a higher level of postoperative pain. In a human
cadaveric model, Hawthorne et al15 found that an abduction pillow
reduces the tension in the repaired supraspinatus tendon.
Furthermore, it may appear that, postoperatively, keeping the
shoulder at lower angles of abductionmight help reduce pain levels
owing to lesser strain. However, 2 recent studies have reported that
the application of an abduction brace does not provide any signif-
icant pain relief.11,17

From clinical and biomechanical perspectives, it appears that a
postoperatively abducted shoulder (using an abduction brace)
would result in increased blood flow in and around the rotator cuff
tendons and that, perhaps, an abducted shoulder would have better
healing potential at the footprint owing to reduced stress and gap
formation. However, there is hardly any evidence in the literature
assessing the role of altered blood flow in clinical situations with
varying shoulder abduction positions and its impact on rotator cuff
healing.

The aim of this study was to evaluate the effect of shoulder
immobilization in 30� of abduction (with an abduction brace) and
0� of adduction (with the arm in the neutral position by the side of
the chest in an arm pouch), in a posterotator cuff repair scenario,
on the vascular flow pattern in and around the posterosuperior
rotator cuff as the principal outcome; pain levels, clinical scores,
and cuff healing were assessed as secondary outcome parameters.
We hypothesized that immobilization in an abduction brace at 30�

of abduction for 6 weeks postoperatively would result in increased
blood flow around the posterosuperior rotator cuff, which would
help relieve pain and improve clinical outcomes and cuff healing.

Materials and methods

Study design, patient selection, and randomization

This prospective randomized controlled trial evaluated patients
with rotator cuff tears undergoing arthroscopic repair. The inclu-
sion criteria were patients aged between 40 and 70 years with
clinically diagnosed and radiologically confirmed full-thickness
posterosuperior rotator cuff tears undergoing all-arthroscopic ro-
tator cuff repair. The exclusion criteria were as follows: partial cuff
tear, grade 4 fatty infiltration and severe atrophy of the cuff, gle-
nohumeral osteoarthritis, adhesive capsulitis, concomitant labral
repair, partial cuff repair, irreparable cuff tear, and Lafosse type IV or
V subscapularis tear. Patients were informed about the trial, and
appropriate informed consent was obtained.

Patients were randomly allocated to 1 of the 2 treatment arms
using a block randomization method with a ratio of 1:1 and a block
size of 8. The random allocation code was provided to the patient,
and the code key was kept with an independent observer (S. Madi)
whose job was to enter all the data, vascular scores, and sono-
graphic reports in the records. The key holder was not involved in
clinical assessment, decision making, or follow-up assessment. The
849
key holder revealed the allocation code after the conclusion of the
study, before the data analysis. The operating surgeon and radiol-
ogist remained blinded to the group assignment. Each follow-up
assessment, as well as the final clinical assessment, was per-
formed by another surgeon in our unit, who did not have access to
any other data or any involvement with the preoperative evalua-
tion, surgical intervention, or randomization.

Sample size

Apart from the study by Fealy et al,8 who described vascular
flow in and around the repaired rotator cuff area, no previous study
has compared vascular flow in various positions of the shoulder.
Hence, we calculated the sample size according to the visual analog
scale (VAS) described in a previous study performed by Tashjian
et al.27 According to an a priori power analysis using an a of .05,
power (1 e b) of 80%, and expected difference in the VAS pain score
(0-10) of 1.4 between the groups, 17 patients had to be included in
each group. Taking a maximum 20% dropout rate into consider-
ation, we decided to include a minimum of 21 patients in each arm.

Preoperative assessment

A detailed history was taken and a thorough clinical evaluation
was performed by a single senior surgeon; the findings were
recorded on a standardized shoulder assessment form. Preopera-
tively, the Constant-Murley score was recorded and the level of
pain was assessed on a VAS from 0 to 10.

In each patient, a plain radiograph of the shoulder (true ante-
roposterior and outlet view)was obtained to evaluate osteoarthritis
of the glenohumeral joint and the type of acromion (Bigliani clas-
sification).4 Magnetic resonance imaging of the affected shoulder
was performed to confirm the cuff tear (retraction), stage of atro-
phy (Thomazeau classification, stage 1-3),28 and grade of fatty
infiltration (Goutallier classification, grade 0-4).12

Surgical procedure

All patients were operated on by a single senior surgeon. Each
patient was operated on while under general anesthesia and an
interscalene block in the sloppy lateral decubitus position with the
affected upper limb attached to a limb positioner (Spider 2; Smith
& Nephew, Andover, MA, USA) in neutral rotation and 20�-30� of
abduction. After standard skin preparation and draping, diagnostic
arthroscopy of the affected shoulder joint was performed from a
standard posterior portal. An anterior portal was made just above
the subscapularis tendon in the rotator interval. The biceps tendon
was tenotomized if found to be significantly frayed, flat, split, or
damaged. Open subpectoral tenodesis was performed if the patient
demanded this procedure preoperatively, in manual laborers, and
in patients aged < 50 years. The biceps was left alone if found to be
healthy with normal pulleys. Regarding the subscapularis tendon,
Lafosse type I tears were d�ebrided whereas type II and III tears were
repaired with a single anchor (double or triple loaded) by a
modified Mason-Allen repair technique. After the subscapularis
repair was completed, the scope was shifted to the subacromial
space. Standard subacromial bursal excision was performed with a
power shaver and radiofrequency device. Bony acromioplasty was
performed only if there was a Bigliani type III acromion or an
acromial spur associated with a Bigliani type II acromion.

After bursectomy and acromioplasty, the supraspinatus and
infraspinatus tendons were assessed for the following character-
istics: shape, size, retraction, and reparability onto the footprint.
Tear size was measured in an anteroposterior direction using a
graduated probe and categorized as small, medium, large, or
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massive as per the DeOrio and Cofield classification.7 Then, the
margin of the cuff was held with a suture retriever (Arthrex, Naples,
FL, USA) to assess its tensionless reducibility, adequate coverage,
and repairability over the footprint. If the cuff was found to be
retracted, the standard releases were performed until optimum
coverage of the footprint (>80%) was obtained. Apical traction su-
ture was applied in the case of an L-shaped or reverse Leshaped
cuff tear for traction while the tendon was released from sub-
acromial adhesions or the paralabral capsule. The sclerosed bone
over the greater tuberosity was gently dusted using a burr until
minimal bleeding ensued. If the footprint did not reveal gentle
bleeding spots, microfracture over the footprint was performed
using a straight awl after anchor placement. The type of cuff repair
performed was determined based on the indications. Usually,
small- to medium-size tears underwent single-row repair whereas
large tears were repaired by a double-row suture bridge technique.

Single-row repair technique
For single-row repair, double-loaded suture anchors (4.5-mm

Corkscrew anchor or 5.0-mm polyetheretherketone anchor;
Arthrex) were deployed in the middle of the tuberosity. Two or
three suture anchors were used depending on the size of the tear.
The tear was repaired using the standard modified Mason-Allen
technique.

Double-row suture bridge repair (transosseous-equivalent)
technique

For double-row suture bridge repair, 2 to 3 double-loaded suture
anchors (4.5-mm Corkscrew anchor or 5.0-mm poly-
etheretherketone anchor; Arthrex) were used for the medial row
andwere inserted just lateral to the cartilagemargin. Mattress bites
were taken in the cuff just lateral to the musculotendinous junction
and tied in sequence. One limb each from the mattress sutures was
brought laterally down to the lateral aspect of the greater tuber-
osity to create a suture bridge construct (transosseous equivalent)
with the use of 1 or 2 lateral-row knotless anchors (4.75-mm
SwiveLock; Arthrex) in the standard fashion. In the case of an
L-shaped or reverse Leshaped tear, 1 to 3 side-to-side intra-
tendinous sutures were placed and tied.

All the intraoperative findings were recorded on a standardized
shoulder assessment form, and patients were given a neutral arm
pouch for support for the night. This was converted to an abduction
brace or arm pouch after power Doppler sonography.

Postoperative power Doppler assessment (Fealy et al criteria): 0 and
6 weeks

On the first postoperative day, each patient underwent power
Doppler ultrasonography (Philips Healthcare, Amsterdam, The
Netherlands) of the index shoulder in both the neutral position and
30� of abduction (with a standard abduction brace kept in the ul-
trasonography room) to assess the vascular flow in and around the
rotator cuff in both positions of the index shoulder. Power Doppler
sonographywas performed using the scanner’s low-flow sensitivity
settings, which were maintained for all patients. According to Fealy
et al,8 power Doppler analysis in the rotator cuff repair setting in-
volves the assessment of a total of 6 key areas in and around the
repaired rotator cuff: (1) peribursal (above the peribursal fat
stripe); (2) peritendinous (deep to the fat stripe and along the pe-
riphery of the repair); (3) musculotendinous (within the repair); (4)
intratendinous (within the repair); (5) pericortical (along the
cortical margins); and (6) suture anchor (along the suture anchor
site). As per Fealy et al, subjective scoring was used to assess the
blood flow in each region as either absent (0), sparse (1), moderate
850
(2), or prominent (3) both in neutral adduction and in 30� of
abduction of the shoulder with the shoulder in a standard abduc-
tion brace. Once the patient returned to the ward, he or she was
given an abduction brace (group 1) or a neutral arm pouch (group
2) according to the allocated group as per the randomization arm
and was discharged. The surgeon and radiologist remained blinded
to the group to which the patient was allotted.

Every patient returned at the end of 6 weeks and underwent
repeated power Doppler ultrasonography. Again, power Doppler
scanning was performed in both positions of the shoulder by the
same radiologist, and the vascular score was given to the inde-
pendent observer (S. Madi), who remained blinded to the
randomization. Both scores (in adduction and in abduction) were
entered into the system. Because the same radiologist performed
power Doppler scanning of each patient both times in both posi-
tions, blinding of the radiologist regarding the patient’s group
allocation was ensured. Nevertheless, although the final assess-
ment of the vascular scores in various areas was considered at 6
weeks, the scores were considered as per group allotment only (ie,
scores in abduction for group 1 and scores in adduction for group 2)
and other, nonrelevant scores were discarded.

All the vascular flow images were stored on hard disk, and each
vascular assessment was later reread by a second musculoskeletal
radiologist to ensure acceptable interobserver variation. However,
the findings recorded by the principal radiologist were considered
in the final assessment.

The structural healing of the repaired cuff was assessed twice: at
3-month follow-up and at 1-year follow-up. The ultrasound report
findings were broadly classified into 3 categories: type I, normal
thickness with homogeneously hyperechoic tendon, partial hypo-
echogenicity, or heterogeneous echogenicity or insufficient thick-
ness without discontinuity, indicating complete healing; type II,
presence of minor discontinuity or a focal partial defect, indicating
a partial tear; and type III, presence of significant discontinuity or a
full-thickness tear. Gartsman et al10 and Gwark et al13 deployed
similar criteria for ultrasound assessment of the postoperative
healing status of the cuff.

Postoperative rehabilitation and pain relief measures

In all patients, a structured rehabilitation protocol was started in
the postoperative period. The shoulder was immobilized for 6
weeks in an arm pouch or abduction brace as per the group allo-
cation, and only elbow and finger movements, along with scapular
isometrics, were encouraged. For pain relief, each patient was given
a 100-mg tablet of aceclofenac (sustained release) to be taken as a
single tablet at night for 10 days. After 10 days, patients were asked
to take a 60-mg tablet of etoricoxib when necessary (with a
maximum of 10 tablets to be used in the next 4 weeks). Patients
were asked to apply a local cold pack three to four times a day. After
6 weeks, passive mobilization of the shoulder was started. At the
end of 8 weeks, active-assistedmovements were initiated, followed
by active movements. At the end of 3 months, ultrasound of the
shoulder was performed in all cases to ascertain the healing status
of the cuff over the footprint. Furthermore, cuff-strengthening ex-
ercises were initiated with a TheraBand device (TheraBand, Akron,
OH, USA). Return to full activity including sports activity was
reserved until the end of 8-12 months depending on the return of
movement, strength, and integrity of the cuff.

Postoperative data collection

In all patients, the following data were collected: (1) vascular
flow assessment on day 1 (both neutral position and shoulder



Figure 1 CONSORT (Consolidated Standards of Reporting Trials) flow diagram.
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abduction) and at the end of 6 weeks (abduction in group 1 and
neutral position in group 2); (2) VAS score at the end of weeks 1, 3,
6, 12, and 56 (1 year); (3) Constant-Murley score at the end of 1
year; and (4) ultrasonographic assessment of healing of the
repaired cuff at the end of 3 months and 1 year. All patients
completed a minimum of 1 year of follow-up.
Statistical analysis

Statistical analysis was performed using the SPSS program
(version 20.0; IBM, Armonk, NY, USA). The results were considered
significant at P < .05. Equal distributions of baseline characteristics
were evaluated using the Student t test for continuous variables
and the c2 test for categorical variables. Although the vascular flow
score (0, 1, 2, or 3) is an ordinal variable, Fealy et al8 calculated the
total vascular score in each patient in all 6 regions, converting the
total score in each patient as a continuous variable, and calculated
the mean difference at various time intervals. We analyzed the
vascular scores in 2 ways: The vascular scores in all 6 regions in
each patient were summed, converting the scores into a continuous
variable, and the independent t test was used to assess the differ-
ence between the mean vascular scores of the 2 groups on day 1
and at 6 weeks. Furthermore, the vascular scores in each region
were used as ordinal variables, and the difference between the 2
groups was calculated using the nonparametric Wilcoxon test. VAS
score and Constant-Murley score analysis at various intervals be-
tween the 2 groups was performed using the independent t test.
The difference in structural healing between the 2 groups was
assessed using the c2 test.
851
Results

A total of 42 cases (21 in each group) were included in the trial,
with no dropouts or loss to follow-up (Fig. 1) up to 1 year. The
baseline characteristics were similar in both groups (Table I). No
patient in group 1 or 2 reported noncompliance with the assigned
brace.

Vascular scores

When all 42 patients who underwent power Doppler sonogra-
phy in both the adducted and abducted positions on day 1 are taken
into account, irrespective of their randomization status, the
nonparametric Wilcoxon test, considering the vascular scores in 6
regions, revealed significantly higher blood flow for a 30� abducted
shoulder compared with the neutral position (adduction) (Table II,
Figs. 2-7). These differences were statistically significant in all 6
regions.

Whenwe compared group 1 vs. group 2 on day 1, the mean total
vascular score in all 6 regions was significantly higher in group 1
than in group 2 (P < .0001) and remained significantly higher in
group 1 at the end of 6 weeks (P < .0001) (Table III). When we
considered individual regions, the day 1 vascular flow details in
both groups showed a higher blood flow trend in group 1 as
compared with group 2, with prominent blood flow (score of 3)
noted only in group 1 (Table IV). At 6 weeks, all 6 areas in both
groups revealed a decrease in the total vascular score, as well as
individual region flow (Table V). Nevertheless, 3 regions (peri-
bursal, peritendinous, and pericortical) in both groups revealed a
higher blood flow trend as compared with the remaining 3 areas at



Table I
Baseline characteristics and intraoperative operative findings of both treatment groups

Variable Group 1 (abduction brace) (n ¼ 21) Group 2 (arm pouch) (n ¼ 21) P value

Age, mean ± SD (range), yr 55.8 ± 7.8 (40-68) 55.5 ± 10.5 (42-70) .93
Sex, n
Male 13 9 .35
Female 8 12

Side, n
Right 17 16 .7
Left 4 5

Etiology of tear, n
Traumatic 12 12 >.999
Degenerative 9 9

Tendons torn, n
Supraspinatus 7 7 .93
Supraspinatus and partial infraspinatus 6 7
Supraspinatus and infraspinatus 8 7

Shape of tear, n
Crescent 14 11 .63
L 4 6
U 3 4

Size of posterosuperior cuff tear: Cofield grade 1/2/3/4, n 3/7/5/6 1/9/6/5 .69
Condition of supraspinatus, n
Atrophy: stage 1/2/3 17/4/0 16/5/0 .72
Fatty degeneration: stage 0/1/2/3/4 8/10/3/0/0 9/8/4/0/0 .84

Condition of infraspinatus, n
Atrophy: stage 1/2/3 18/3/0 15/6/0 .45
Fatty degeneration: stage 0/1/2/3/4 9/9/3/0/0 10/7/4/0/0 .77

Subscapularis tear, n 9 11
Type of acromion, n
Type II 15 11 .15
Type II with spur 6 7

Biceps tenotomy, n 13 13
Footprint advancement, n 2 3
Delamination in infraspinatus, n 5 3
Delamination in supraspinatus, n 0 2
Footprint microfracture, n 16 15
Type of repair, n
Single row 11 7 .35
DRSB 10 14

Diabetes mellitus, n 6 4
Preoperative CM score, mean (SD) 32.43 (5.22) 30.25 (5.46) .12
Preoperative VAS score, mean (SD) 8.27 (1.22) 8.15 (1.21) .8
Smoking, n 4 3

SD, standard deviation; DRSB, double-row suture bridge; CM, Constant-Murley; VAS, visual analog scale.

Table II
Distribution of vascular pattern in all 42 patients on day 1 using power Doppler with shoulder kept in neutral position and 30� of abduction

Variable Cases, n (%) Median P value

Absent (score of 0) Sparse (score of 1) Moderate (score of 2) Prominent (score of 3)

Peribursal
Neutral 4 (9.5) 21 (50.0) 17 (40.5) 0 (0.0) 1 <.0001
Abduction 2 (4.8) 14 (33.3) 18 (42.9) 8 (19.0) 2

Peritendinous
Neutral 8 (19.0) 25 (59.5) 9 (21.4) 0 (0.0) 1 .001
Abduction 3 (7.1) 17 (40.5) 21 (50.0) 1 (2.4) 2

Myotendinous
Neutral 33 (78.6) 8 (19.0) 1 (2.4) 0 (0.0) 0 .008
Abduction 23 (54.8) 17 (40.5) 2 (4.8) 0 (0.0) 0

Intratendinous
Neutral 28 (66.7) 9 (21.4) 5 (11.9) 0 (0.0) 0 .005
Abduction 18 (42.9) 16 (38.1) 8 (19.0) 0 (0.0) 1

Pericortical
Neutral 9 (21.4) 19 (45.2) 13 (31.0) 1 (2.4) 1 <.0001
Abduction 3 (7.1) 19 (45.2) 17 (40.5) 3 (7.1) 1

Suture anchor
Neutral 15 (35.7) 26 (61.9) 1 (2.4) 0 (0.0) 1 .001
Abduction 9 (21.4) 26 (61.9) 6 (14.3) 1 (2.4) 1

Vascular flowwas graded as per the criteria of Fealy et al.8 Nonparametric tests (Wilcoxon) revealed significant differences between the 6 vascular profile areas while the arm
was in 2 different positions.

V. Pandey, S. Madi, S. Maddukuri et al. JSES International 4 (2020) 848e859
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Figure 2 Distribution of vascular flow pattern in peribursal region in abduction and adduction position in all 42 patients on day 1.
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both times (day 1 and 6 weeks). At 6 weeks, statistical significance
remained only in the peribursal region (P ¼ .04). There was no
difference in the total vascular flow score blood flow in any indi-
vidual or all combined six regions with single- vs. double-row
repair (P > .05). Between the 2 radiologists (principal radiologist
and second radiologist), the interobserver reliability of the vascular
score was good (Cronbach a ¼ 0.82 [interclass correlation
coefficient]).
Figure 3 Distribution of vascular flow pattern in peritendinous region

853
Pain level

The pain levels (VAS score) significantly decreased in both
groups between the assessments preoperatively and at the end of
the 1-year postoperative period (56weeks). Although group 1 had a
slightly lower mean pain (VAS) score than group 2 at all designated
follow-up points, the difference was not statistically significant
(Table VI, Fig. 8).
in abduction and adduction position in all 42 patients on day 1.



Figure 4 Distribution of vascular flow pattern in myotendinous region in abduction and adduction position in all 42 patients on day 1.
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Clinical outcome

On comparison with the preoperative Constant-Murley scores,
both groups revealed significant improvement in their final
Constant-Murley scores. However, no difference in the Constant-
Murley scores at final follow-up was found between the 2 groups
(P ¼ .36) (Table VII).

Structural outcomes

When comparing structural healing assessed with ultrasonog-
raphy between the 2 groups, we observed no difference in the cuff
Figure 5 Distribution of vascular flow pattern in intratendinous region
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healing status at 3 months and at final follow-up at 1 year
(Table VIII). A total of 3 patients had full-thickness tears: 1 patient
in group 1 and 2 patients in group 2. Two patients were able to
participate in their normal activities and had no specific com-
plaints, whereas 1 patient (in group 1) reported difficulty sustain-
ing the shoulder in mid abduction. However, the latter patient
refused any surgical intervention.

Discussion

We found a significantly high vascular flow pattern in an
abducted shoulder compared with an adducted shoulder (neutral
in abduction and adduction position in all 42 patients on day 1.



Figure 6 Distribution of vascular flow pattern in pericortical region in abduction and adduction position in all 42 patients on day 1.

Figure 7 Distribution of vascular flow pattern in suture anchor region in abduction and adduction position in all 42 patients on day 1.

Table III
Mean vascular flow scores in both groups on day 1 and at end of 6 weeks

Total vascular score timing Vascular score, mean ± SD P value

Day 1
Group 1 (n ¼ 21) 7.14 ± 2.33 <.0001
Group 2 (n ¼ 21) 4.38 ± 1.50

End of 6 weeks
Group 1 (n ¼ 21) 5.24 ± 1.54 <.0001
Group 2 (n ¼ 21) 3.19 ± 1.57

V. Pandey, S. Madi, S. Maddukuri et al. JSES International 4 (2020) 848e859
by the chest) on day 1 and at 6 weeks. The blood flow was higher
especially in 3 key areas: peribursal, peritendinous, and peri-
cortical. However, there seems to be no additional clinical advan-
tage of higher blood flow in an abducted shoulder in terms of
improving pain scores, clinical outcomes, or healing rates of the cuff
over the footprint compared with an adducted shoulder.

To our knowledge, our study is the first in the English-language
literature that has compared the blood flow in and around the cuff
repair site in an adducted and 30� abducted shoulder and further
SD, standard deviation.
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Table IV
Comparison of vascular flow pattern in 6 regions in both groups on day 1

Variable Group 1 (abduction brace, n ¼ 21) Group 2 (arm pouch, n ¼ 21) P value

Absent Sparse Moderate Prominent Total
vascular
score

Median Absent Sparse Moderate Prominent Total
vascular
score

Median

Peribursal 1 (4.8) 9 (42.9) 5 (23.8) 6 (28.6) 37 2 2 (9.5) 11 (52.4) 8 (38.1) 0 (0.0) 27 1 .109
Peritendinous 2 (9.5) 10 (47.6) 8 (38.1) 1 (4.8) 29 1 4 (19.0) 13 (61.9) 4 (19.0) 0 (0.0) 21 1 .086
Myotendinous 10 (47.6) 9 (42.9) 2 (9.5) 0 (0.0) 13 1 16 (76.2) 4 (19.0) 1 (4.8) 0 (0.0) 6 0 .066
Intratendinous 7 (33.3) 10 (47.6) 4 (19.0 0 (0.0) 18 1 15 (71.4) 4 (19.0) 2 (9.5) 0 (0.0) 8 0 .022*

Pericortical 1 (4.8) 8 (38.1) 9 (42.9) 3 (14.3) 35 2 7 (33.3) 8 (38.1) 6 (28.6) 0 (0.0) 20 1 .011*

Suture anchor 4 (19) 16 (76.2) 1 (4.8) 0 (0.0) 18 1 11 (52.4) 10 (47.6) 0 (0.0) 0 (0.0) 10 0 .020*

Total vascular score 0 62 58 30 150 0 50 42 0 92

Data for absent, sparse, moderate, and prominent blood flow are presented as number of patients (percentage). The nonparametric Wilcoxon test was used to compare the 2
groups.

* Statistically significant difference.

Table V
Comparison of vascular flow pattern in 6 regions in both groups at 6 weeks

Variable Group 1 (abduction brace, n ¼ 21) Group 2 (arm pouch, n ¼ 21) P value

Absent Sparse Moderate Prominent Total
vascular
score

Median Absent Sparse Moderate Prominent Total
vascular
score

Median

Peribursal 3 (14.3) 9 (42.9) 7 (33.3) 2 (9.5) 29 1 6 (28.6) 12 (57.1) 3 (14.3) 0 (0.0) 18 1 .041*

Peritendinous 5 (23.8) 9 (42.9) 6 (28.6) 1 (4.8) 24 1 8 (38.1) 11 (52.4) 2 (9.5) 0 (0.0) 15 1 .092
Myotendinous 13 (61.9) 8 (38.1) 0 (0.0) 0 (0.0) 8 0 17 (81.0) 4 (19.0) 0 (0.0) 0 (0.0) 04 0 .117
Intratendinous 10 (47.6) 10 (47.6) 1 (4.8) 0 (0.0) 12 1 15 (71.4) 5 (23.8) 1 (4.8) 0 (0.0) 07 0 .145
Pericortical 3 (14.3) 13 (61.9) 5 (23.8) 0 (0.0) 23 1 8 (38.1) 10 (47.6) 3 (14.3) 0 (0.0) 16 1 .105
Suture anchor 8 (38.1) 12 (57.1) 1 (4.8) 0 (0.0) 14 1 14 (66.7) 7 (33.3) 0 (0.0) 0 (0.0) 07 0 .056
Total vascular score 0 61 40 9 110 0 49 18 0 67

Data for absent, sparse, moderate, and prominent blood flow are presented as number of patients (percentage). The nonparametric Wilcoxon test was used to compare the 2
groups.

* Statistically significant difference.

Table VI
Mean VAS score in groups 1 and 2 preoperatively and at 1, 3, 6, 12, and 56 weeks postoperatively

VAS score, mean (SD)

Preoperatively Postoperatively

1 wk 3 wk 6 wk 12 wk 56 wk

Group 1 (abduction brace) 8.27 (1.22) 6.73 (1.53) 5.40 (1.35) 5.0 (1.30) 3.13 (1.18) 1.0 (1.0)
Group 2 (arm pouch in adduction) 8.15 (1.21) 6.62 (1.71) 5.69 (1.37) 5.08 (1.89) 3.85 (1.90) 1.92 (1.44)
P value .80 .85 .57 .90 .24 .06

VAS, visual analog scale; SD, standard deviation.
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assessed the impact of altered blood flow on pain level, as well as
clinical and structural outcomes. Rathbun and Macnab23 noted
higher blood flow in the supraspinatus tendon and superior part of
the infraspinatus (posterosuperior cuff) in an abducted cadaveric
armdpossibly because an abducted arm avoids the “wringing out”
phenomenon of the rotator cuff overlying the humeral head
observed in the adducted position of the arm. They also noted that
there were areas of avascularity in the rotator cuff if calcification
and tendon rupture were present. Another observation by Rathbun
andMacnabwas that most of the supraspinatus tendon proximal to
the rupture was avascular. Hence, it seems logical that keeping the
shoulder in abduction after arthroscopic cuff repair may improve
the circulation in and around the rotator cuff. Our study confirmed
that compared with an adducted shoulder, an abducted position of
the index shoulder improves the blood flow in and around the
repaired cuff. Although overall blood flow remained high in the
abduction group at both intervals, the blood flow in all 6 regions did
not show similar patterns of difference at both intervals. On day 1,
the Wilcoxon analysis of all 42 patients, irrespective of randomi-
zation, revealed significantly higher blood flow in all 6 regions in
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the abducted position. However, when the numbers in each group
became smaller after randomization, the regional flow pattern was
different at the 2 time intervalsdday 1 and 6 weeksdas is evident
in Tables IV and V. Perhaps, this anomaly can be explained by the
fact that each group contains just half the patients, reducing the
power of analysis. Hence, we believe that another randomized
study with larger numbers in each groupwould be able to ascertain
which of the 6 regions would continue to reveal higher flow
consistently and which regions would show diminished flow.

Fealy et al8 observed significant blood flow in all areas around
the rotator cuff repair site compared with the normal shoulder,
followed by a gradual diminution in flow over time; we observed
similar phenomena. However, they did not attempt to check the
blood flow in different positions of the index shoulder. Moreover,
they found the highest flow in the peritendinous area, whereas our
study detected the highest flow in the peribursal area. Another
contrasting finding was that the lowest vascularity score was
observed in the pericortical area at all time points in their study
whereas our study showed the third highest score in the peri-
cortical region on day 1 and at 6 weeks. The difference between the



Figure 8 Mean visual analog scale (VAS) scores in groups 1 and 2 preoperatively
(preop) and 1, 3, 6, 12, and 56 weeks (1 year) postoperatively. The error bars represent
95% confidence intervals.
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2 studies could be explained by 2 facts: (1) We performed micro-
fracture in almost all cases, unless the footprint showed reasonable
bleeding after gentle dusting by a power burr, whereas there is no
detailed technical description of rotator cuff repair in the series of
Fealy et al except that trough decortication was mentioned in brief.
Hence, we believe thatmultiple microfracture holes at the footprint
resulted in consistent, robust pericortical blood flow in our series.
(2) The series of Fealy et al involved 11 surgeons performing rotator
cuff repair using open, mini-open, and arthroscopic techniques in
33 patients, making the entire methodology quite variable,
whereas all 42 patients in our series were operated on by a single
surgeon using an all-arthroscopic technique. Thus, variable tech-
niques, such as handling of tissues (soft tissue and bone) in a
different fashion, as well as trough decortication, could result in
variable blood flow patterns. Furthermore, Fealy et al described a
high rate of persistent defects at the rotator cuff repair site (43%).
Perhaps, a relatively lesser blood supply at the decorticated site
compared with multiple microfracture holes could explain the
persistent defects or retear rates as compared with our study, given
that bone marrow stimulation techniques are known to reduce the
retear rates after rotator cuff repair.1

Another hypothesis behind the provision of an abduction brace
in the posterotator cuff repair patient is that an abducted shoulder
position in the postoperative period would result in lesser tension
on the repaired cuff, which in turn would decrease postoperative
pain. Davidson and Rivenburgh6 found that an increased amount of
passive tension in the cuff could result in a higher level of post-
operative pain. In a human cadaveric study, Hawthorne et al15

found that shoulder immobilization using a large abduction pil-
low producing 25� of abduction and 0� of neutral rotation can
decrease the tension on the anterior and posterior sutures in the
supraspinatus by 42% and 56%, respectively. Hence, Hawthorne et al
recommended the use of an abduction pillow after cuff repair to
reduce the tension at the repair site, which would also protect the
Table VII
Summary of mean postoperative clinical outcome scores

Functional score Group 1 (n ¼ 21) Group 2 (n ¼ 21) P Value

CM, mean (SD) 84.63 (8.33) 82.93 (4.16) .36

CM, Constant-Murley; SD, standard deviation.
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repair while healing. Hatakeyama et al14 concluded that reduced
stress in the repaired superior cuff in the abducted position is
important in the early healing phase. In the surgical setting, a
chronically torn rotator cuff tendon is often retracted medially, and
passive tension is increased in the tendon.16 Furthermore, the
posterosuperior cuff tendons are often delaminated, with the
inferior delaminated layer edge being more medial than the su-
perior layer.21 Repair of the medialized inferior-medial layer could
further contribute to tension in the repaired construct. To mobilize
the retracted tendon, adequate soft-tissue releases are performed
to bring the torn lateral edge toward the footprint to achieve a
tensionless repair. Despite sufficient soft-tissue releases and foot-
print medialization, the repair may remain under some “unwanted
tension,” which could result in persistent pain and possibly failure
of the construct.18,24,26 In a clinical study of 132 patients, Kim et al19

concluded that there is an inverse correlation of repair tensionwith
cuff healing. In another clinical study, Park et al22 concluded that
the possibility of a retear is higher with tension > 35 N. In all 42
patients in our series, we could achieve a relatively tensionless
repair coupled with or without releases and medialization of the
footprint.

In our series, although the VAS score was slightly lower in group
1 than in group 2 at most time points, the difference was not sig-
nificant at any given point of follow-up. A similar observation has
been made in 2 recent studies, implying the futility of an abduction
brace in significantly minimizing postoperative pain.11,17 Hence, we
conclude that the use of an abduction brace in the postoperative
period will not make any difference in decreasing the pain levels if
the repair is performed in a tensionless fashion. On the contrary,
Conti et al5 reported better pain levels with the shoulder immo-
bilized in an external rotation brace (not an abduction brace).
Furthermore, in a Web-based survey of Arthroscopy Association of
North America and American Orthopaedic Society for Sports
Medicine members, 70% of respondents agreed that they prefer
immobilization using an abduction brace with the arm in a neutral
position.20 However, with the currently available evidence, the
utility of using an abduction brace seems debatable. Finally, the rate
of structural healing and clinical outcomes at 1 year were not
different between the 2 groups in our study, signifying that there
may not be any clinically significant utility of using an abduction
brace in the posterotator cuff repair setting as long as the repair has
been performed in a tensionless fashion.

Study limitations

Like every study, our study has certain unavoidable limitations.
First, the principal problem we faced was that the absence of a
similar previous study led to a lack of data for calculating the
number of patients required to adequately power the study.We had
to take the data regarding the VAS score from a previous study to
achieve minimum power.27 Hence, we recommend a larger ran-
domized controlled trial with adequate power to establish the facts
regarding altered blood flow in an abducted position and to
establish its clinical utility beyond doubt. Second, there is no con-
trol group of healthy shoulders wherein vascular flow could have
been assessed in adduction and abduction, and we do not have
baseline preoperative vascular flow data for the participants. Third,
the assessment of vascular flow by power Doppler itself is a sub-
jective procedure. The findings of our study and that of Fealy et al8

do not match, especially the overall scores and areas of vascular
predominance. A more objective method that is easily replicable is
required to assess the vascular flow in various regions. Fourth, we
did not analyze the difference in vascular flow between patients
who underwent single-row repair and those who underwent
double-row suture bridge fixation as the number of anchors and



Table VIII
Healing pattern in both groups with single-row and DRSB technique at 3 months and 1 year detected by ultrasonography

Type of repair Healing status, n (%) Total P value

Completely healed Partial tear Complete tear

Group 1 (n ¼ 21)
Single row (n ¼ 11) 10 (90.9) 1 (9.1) 0 11 .366
DRSB (n ¼ 10) 9 (90) 0 1 (10) 10

Group 2 (n ¼ 21)
Single row (n ¼ 7) 7 (100) 0 0 7 .417
DRSB (n ¼ 14) 11 (78.5) 1 (7.14) 2 (14.2) 14

DRSB, double-row suture bridge.
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the double row itself could affect blood flow. Fifth, we could not
evaluate the vascular flow alterations weekly between day 1 and 6
weeks because of compliance issues. A weekly assessment would
have been more appropriate to understand the pattern of flow
predominance, its sustenance, and its correlation with pain. How-
ever, it is difficult for patients to return everyweek for follow-up, as
many are outstation patients. Sixth, we could not assess the impact
of the number of anchors affecting the vascular score in the suture
anchor group as the groups were too small to compare. Finally,
although the pain level was assessed at 1, 3, 6, 12, and 56 weeks
postoperatively, power Doppler scanning was not performed at
each interval to assess the correlation between the blood flow
scores and pain level. Hence, we recommend a larger, multicenter,
level I trial with more patients and an objective method of vascular
flow assessment to study the effect of blood flow alteration on the
pain levels and clinical and structural outcomes after rotator cuff
repair.

Conclusion

Even though application of an abduction brace, as compared
with an arm pouch, results in increased blood flow in and around
an all-arthroscopically repaired posterosuperior rotator cuff during
the first 6 weeks postoperatively, it fails to establish any clinically
significant value in terms of lesser pain levels, better clinical scores,
or superior healing tendency.
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