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Background: To date, no studies have been published that have assessed the optimal position of sling im-
mobilization after anatomic total shoulder arthroplasty for glenohumeral osteoarthritis.

Methods: Thirty-six patients undergoing anatomic total shoulder arthroplasty for osteoarthritis were ran-
domized to a neutral rotation sling versus an internal rotation sling. The primary outcomes assessed included
the Disabilities of the Arm, Shoulder and Hand score; Western Ontario Osteoarthritis of the Shoulder score;
Single Assessment Numeric Evaluation score; visual analog scale (VAS) scores for pain and satisfaction;
compliance ratings; and radiographic and range-of-motion measurements. Primary outcomes were as-
sessed at baseline and postoperatively at 2 weeks, 6 weeks, 3 months, 6 months, and 1 year.

Results: All patient-determined outcome scores for both groups revealed statistically significant improve-
ments (P <.0001) from enrollment to final follow-up. There were statistically significant advantages to
the neutral rotation sling group compared with the internal rotation sling group when we evaluated the
improvements in (1) active external rotation (42° vs 25°, P =.03), (2) passive external rotation (44° vs
26°, P =.02), (3) passive horizontal adduction (7.7 cm vs 3.7 cm, P = .05), and (4) pain relief with passive
adduction (VAS score, 6.2 cm vs 3.5 cm; P =.002). There was a trend toward greater improvements in
the neutral rotation sling group when we measured (1) active horizontal adduction (8.3 cm vs 2.9 cm, P = .06)
and (2) active internal rotation behind the back (18 cm vs 11.1 cm, P =.09). At 2 weeks, the neutral ro-
tation sling group had significantly less night pain than the internal rotation sling group (mean VAS score,
18 mm vs 34 mm; P = .047).

Conclusions: Neutral rotation sling use after anatomic total shoulder arthroplasty resulted in statistically
significant improvements in external rotation and adduction, as well as decreased night pain, compared
with an internal rotation sling.

Level of evidence: Level II; Randomized Controlled Trial; Treatment Study
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Few studies have examined the role of sling immobiliza-
tion for both the nonoperative and operative treatment of
shoulder pathology. Most of the studies that have been pub-
lished have examined the position of immobilization when
treating shoulder instability in a nonoperative fashion and,
at this point, are inconclusive.*®!1%1113152122 Tn addition, at least
2 studies have investigated the effect of the type of sling used
on outcomes of rotator cuff repair.>’ To date, no studies have
been published that have assessed the optimal position of sling
immobilization after anatomic shoulder arthroplasty for gle-
nohumeral osteoarthritis.

There remains no consensus regarding the optimal posi-
tion of postoperative immobilization, and it is not known
whether the position of shoulder immobilization has an effect
on motion and functional recovery.” Yin et al*® demon-
strated that external rotation bracing after arthroscopic shoulder
stabilization is associated with a predictable recovery of range
of motion and functional score improvement. However, this
was not a comparative study, and they suggested that future
studies comparing external rotation bracing with traditional
sling use should be conducted to determine the optimal method
of postoperative immobilization.

We hypothesized that sling position after anatomic total
shoulder arthroplasty may affect the outcomes of this surgi-
cal procedure. Specifically, we hypothesized that sling
immobilization in neutral rotation would result in (1) de-
creased postoperative pain, (2) decreased night pain as
determined by both validated outcome scores and visual analog
scale (VAS) scores, and (3) improved range of motion com-
pared with conventional slings that maintain the upper
extremity in an internally rotated position. The rationale for
exploring this question is that when the glenohumeral joint
is placed in the neutral position, the center of the humeral
head is better aligned with the center of the glenoid and might
maintain a more balanced tension across the anterior and pos-
terior soft tissue structures (rotator cuff, ligamentous capsule)
compared with maintaining the arm in a fully internally rotated
position, which might over-tension the posterior and under-
tension the anterior soft tissue structures.

Materials and methods

In this prospective, randomized clinical trial, all patients were
recruited from the orthopedic clinic of the senior author (K.M.B.).
The inclusion criteria were patients with glenohumeral osteoarthri-
tis in whom nonoperative treatment failed and who decided to undergo
anatomic total shoulder arthroplasty. The exclusion criteria were pa-
tients with rotator cuff tears or previous surgery violating the
subscapularis, rotator cuff tear arthropathy, inflammatory arthritis,
revision arthroplasty, arthroplasty performed for fracture, cervical
spine pain, or radiculopathy and patients who were unable or un-
willing to complete the patient-based outcome scores or undergo
the physical examinations required for this study.

Patients were invited to enroll in this study at their clinic visit
when they elected to pursue total shoulder arthroplasty. Written in-
formed consent was obtained at that time. Patient randomization was
performed using a computer-generated table of random numbers to

determine treatment allocation at that time as well. Group alloca-
tion was revealed immediately after surgery, once confirmation of
meeting the appropriate inclusion and exclusion criteria had been
obtained. Patients were randomly assigned to either the internal ro-
tation sling group or the neutral rotation sling group.

All patients undergoing total shoulder arthroplasty were treated
in a standardized fashion using a subscapularis tenotomy with sub-
sequent repair and a 360° release of the capsule performed at the
capsulolabral junction. Immediately after surgery, all patients were
placed in a sling. The sling was worn at all times for the first 6 weeks
except during showering, hygienic care, changing clothes, and phys-
ical therapy. Physical therapy was standardized for all patients. Patients
were randomized to 1 of 2 groups. Half of the patients were placed
in a Joslin sling (Brownmed, Boston, MA, USA) that maintained
the arm in glenohumeral internal rotation and allowed for scapular
protraction (internal rotation sling). The other half were placed in
a Slingshot 3 sling (Arthrex, Naples, FL, USA) that maintained the
glenohumeral joint in neutral rotation and attempted to maintain a
neutral scapular position (neutral rotation sling).

Demographic information such as age, sex, height, weight, and
hand dominance, as well as comorbidities, were collected. Radio-
graphic imaging (anteroposterior, true anteroposterior, Y-scapular,
and axillary views) was reviewed to assess the severity of osteoar-
thritis. Osteoarthritis severity was determined by the classifications
of Samilson and Prieto,” Kellgren and Lawrence,'> and Walch et
al.”’ At the initial visit, patients completed patient-determined outcome
scales that assessed their perception of their preoperative function.
These outcome scales included the Disabilities of the Arm, Shoul-
der and Hand (DASH) score’; Western Ontario Osteoarthritis of the
Shoulder (WOOS) score'*; Shoulder Activity Level?; and Single As-
sessment Numeric Evaluation (SANE) rating.® In addition, VAS
scores were determined for (1) overall pain, (2) night pain, (3) neck
pain, and (4) ability to sleep in a horizontal position at night. Both
active and passive shoulder range of motion was measured bilater-
ally at enrollment, including flexion in the supine and standing
positions, standing external rotation in the neutral position, supine
external rotation in the 90° abducted position, supine internal ro-
tation in the 90° abducted position, standing internal rotation behind
the back, and cross-body adduction (maximal cross-body adduc-
tion was determined as the minimal distance from the antecubital
fossa to the contralateral acromion when the arm was adducted hor-
izontally across the body') by 1 of 2 physical therapists (R.O. and
M.J.Z.). With maximal cross-body adduction, patients were asked
to rank their pain on an ordinal scale from 1 to 10, with 1 being no
pain and 10 being the worst pain. Subjects were clinically and ra-
diographically evaluated postoperatively at 2 weeks, 6 weeks, 3
months, 6 months, and 12 months. Radiographs were assessed by
the senior author (K.M.B.) for evidence of radiographic prosthetic
loosening, narrowing of the acromiohumeral distance, fractures, or
other radiographically evident complications. The investigators per-
forming assessments at these time points were blinded to which sling
the patient used.

At the 2-week time point, the subjects completed the VAS for
(1) overall pain, (2) night pain, (3) neck pain, and (4) ability to sleep
in the horizontal position at night. In addition, they recorded the day
on which they were able to sleep in a horizontal position through-
out the night. The day of narcotic cessation was determined as well.

At the 6-week time point, the subjects completed the VAS for
(1) overall pain, (2) night pain, (3) neck pain, (4) ability to sleep
in the horizontal position at night, and (5) compliance with sling
use. The patients determined the percentage of time that they were
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compliant with sling use. In addition, the patients recorded the day
on which they were able to sleep in a horizontal position through-
out the night. The DASH, WOOS, and SANE scores were determined.
Passive supine forward elevation and passive standing external ro-
tation in the neutral range-of-motion position were determined. The
day of narcotic cessation was determined as well.

At the 12-week time point, the subjects completed the VAS for
(1) overall pain, (2) night pain, (3) ability to sleep in the horizon-
tal position at night, (4) neck pain, and (5) overall satisfaction. The
day of narcotic cessation was confirmed. In addition, the patients
recorded the day on which they were able to sleep in a horizontal
position throughout the night. The DASH, WOOS, Shoulder Ac-
tivity Level, and SANE scores were also determined. Moreover, range-
of-motion measurements as described earlier were obtained.

At the 6- and 12-month time points, subjects completed the DASH
score, WOOS score, Shoulder Activity Level, and SANE rating. In
addition, VAS scores were determined for (1) overall pain, (2) night
pain, (3) neck pain, (4) ability to sleep in a horizontal position at
night, and (5) overall satisfaction. Range-of-motion assessment was
performed at these time points as well.

The primary statistical hypothesis of interest was the differ-
ences in patient-determined outcomes between the different sling
groups. A power analysis was modeled from a previous study that
determined a 10-point difference in mean improvement in DASH
scores (minimal clinically important difference [MCID]) between
groups with a standard deviation of 10 points conducted at o = .05
and B =.8.* For the current study, with the assumption of a

moderate effect size (f=0.5), o.= .05, and power = 0.80, the nec-
essary sample would be 34 subjects, that is, 17 per group. The Student
t test was used to determine differences between the groups. The
level of significance was set at .05.

Results

Patients were recruited from the orthopedic clinic of the senior
author (K.M.B.) between January 2012 and June 2015. We
randomized 17 patients to the neutral rotation sling group and
19 to the internal rotation sling group (Fig. 1 shows the
CONSORT [Consolidated Standards of Reporting Trials]
diagram). The age of the groups was statistically similar, with
a mean age of 73 years in the neutral rotation sling group com-
pared with 68 years in the internal rotation sling group
(P =.14). The percentage of male patients was higher in the
internal rotation sling group (63%) than in the neutral rota-
tion sling group (47%).

There was no significant difference in preoperative
radiographic severity of osteoarthritis. When we used the
Samilson-Prieto classification,'” the mean score was 2.94 in
both groups (P = .98). When we used the Kellgren-Lawrence
classification,'” the mean score was 3.76 in the neutral rota-
tion sling group and 3.63 in the internal rotation sling group

Randomized (n = 36)

y (

Allocation ] 3

4

Allocated to the Neutral Rotation Sling
Group
(n=17)

Allocated to the Internal Rotation Sling
Group
(n=19)

v [ Follow-Up ] v
Lost to follow-up Lost to follow-up
Prior to 1 year Prior to 1 year
Time Point Time Point
(n=1) (n=2)
A 4 [ Analvsis ] A4

Final Time Point Analyzed
+ 1 Year Time Point (n = 16)
+ 6 Month Time Point (n = 1)

Figure 1

Final Time Point Analyzed
+ 1 Year Time Point (n = 17)
+ 6 Month Time Point (n = 2)

CONSORT (Consolidated Standards of Reporting Trials) flow diagram.
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Figure 2

(A) Disabilities of the Arm, Shoulder and Hand (DASH) outcome scores. (B) Western Ontario Osteoarthritis of the Shoulder

(WOOS) outcome scores. (C) Single Assessment Numeric Evaluation (SANE) outcome scores. (D) Shoulder Activity Level.

(P = .46). No difference in the mean acromiohumeral dis-
tance was found between the groups (12 mm in neutral rotation
sling group vs 13 mm in internal rotation sling group, P = .38).

We found no difference in the patient-reported VAS score
for compliance with sling use (P = .40) or percentage of time
using the sling (87% in neutral rotation sling group vs 85%
in internal rotation sling group, P =.78). In addition, no dif-
ference in the day of cessation of narcotic use was noted
between groups (23 days in both groups, P =.96).

All patient-determined outcome scores in both groups re-
vealed statistically significant improvements (P < .0001) over
time from enrollment to final follow-up except the Shoulder
Activity Level (P = .24 for neutral rotation sling group and
P = .17 for internal rotation sling group) (Fig. 2). Although
not statistically significant, both groups had a mean 1-level
improvement in the Shoulder Activity Level over time from
enrollment to final follow-up. No statistically significant dif-
ferences in any outcome score (WOOS, DASH, SANE, or
Shoulder Activity Level) were noted at any time point between
the 2 different sling groups.

Although not statistically significant, the change in all
quality-of-life outcome scores from enrollment to final follow
was greater in the neutral rotation sling group than in the in-

ternal rotation sling. However, this change did not meet the
MCID for the DASH score'® or SANE score’* and is, there-
fore, of questionable clinical significance (Table I).

For the neutral rotation sling group, range of motion in
all planes revealed statistically significant improvements over
time from enrollment to final follow-up. For the internal ro-
tation sling group, there were statistically significant
improvements in all range-of-motion measurements except
active horizontal adduction of the shoulder across the body.
The improvement in this measured plane did not meet the level
of significance (P =.22) (Table II).

For the neutral rotation sling group, there was a greater
degree of improvement over time compared with the inter-
nal rotation sling group for all range-of-motion measurements
except the measurement of passive internal rotation with the
arm abducted to 90° (16° in neutral rotation sling group vs
20° in internal rotation sling group, P = .56) (Table III).

Statistically significant improvements were found in the
neutral rotation sling group compared with the internal ro-
tation sling group when we evaluated improvements from
baseline to final follow-up for (1) active external rotation with
the arm in the neutral position (42° vs 25°, P = .03), (2) passive
external rotation with the arm in the neutral position (44° vs
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Figure 2  (Continued)

26°, P =.02), (3) passive horizontal adduction (7.7 cm vs
3.7 cm, P =.05), and (4) pain with passive adduction (6.2 cm
vs 3.5 cm, P =.002). We also found a trend toward signifi-
cant improvements in the neutral rotation sling group compared
with the internal rotation sling group when we measured (1)
active horizontal adduction (8.3 cm vs 2.9 cm, P =.06) and

Table I Improvement in outcome scores from baseline to
follow-up
Neutral Internal  Pvalue 95%CI
rotation  rotation
sling sling
DASH score 39+ 19 33+11 .25 -5 to 17
WOOS score 58 + 17 50+ 19 .22 -5 to 21
Shoulder Activity 1.2+3.9 1.3£3.7 .93 —-3to3
Level
SANE score 63 + 17 52+22 .15 —4 to 24

(I, confidence interval; DASH, Disabilities of the Arm, Shoulder and Hand;
W00S, Western Ontario Osteoarthritis of the Shoulder; SANE, Single As-
sessment Numeric Evaluation.

(2) active internal rotation behind the back (18 cm vs 11 cm,
P =.09). Although not statistically significant, the mean im-
provement in active flexion in the supine position was 12°
greater in the neutral rotation sling group compared with the
internal rotation sling group (P =.16) (Table III).

When examining the VAS outcomes, we found statisti-
cally significant improvements in both groups from enrollment
to final follow-up for (1) overall pain, (2) night pain, (3) neck
pain, and (4) difficulty sleeping horizontally (P < .0001)
(Fig. 3). There was no statistically significant difference
between groups for overall satisfaction determined at final
follow-up with the success of the procedure (mean VAS score,
5 =9 mm in neutral rotation sling group vs 8§ + 12 mm in in-
ternal rotation sling group; P = .45; 95% confidence interval
[CI], —4.6 to 10.3 mm). For all VAS scores measured, the
neutral rotation sling group uniformly had greater improve-
ments from enrollment to final follow-up than the internal
rotation sling group, but these did not reach statistical sig-
nificance. At 2 weeks, the neutral rotation sling group had
significantly less night pain than the internal rotation sling
group (mean VAS score, 18 21 mm vs 34 £ 21 mm; P =.047;
95% CI, 0.1-31.7 mm), which superseded the MCID of the
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Table II  Range of motion at each time point

Neutral rotation sling

Internal rotation sling

Enrollment 12 weeks 6 mo 12 mo Pvalue* Enrollment 12 weeks 6 mo 12 mo P value*
Supine active flexion, °© 109 133 143 143 <.0001 117 131 139 143 .0004
Supine passive flexion, ° 123 144 152 150 <.0001 129 139 150 152 .0002
Active external rotation, ° 28 56 65 67 <.0001 33 47 57/ 60 .0003
Passive external rotation, ° 35 67 75 77 <.0001 42 57 66 70 .0002
Supine active abducted external 35 60 65 68 <.0001 34 50 60 63 <.0001
rotation, °
Supine passive abducted 43 68 77 78 <.0001 43 61 71 73 .0001
external rotation, °
Supine active abducted internal 35 40 43 49 .004 31 42 43 46 .006
rotation, °
Supine passive abducted internal 44 50 52 58 .007 38 51 51 56 .001
rotation, °
Standing active flexion, °© 96 110 125 130 <.0001 102 112 126 131 .001
Active internal rotation behind 50 42 36 32 <.0001 45 42 35 34 .002
back, cm
Active horizontal adduction, cm 33 29 28 25 <.0001 31 28 27 27 .22
Passive horizontal adduction, cm 30 26 25 23 <.0001 27 26 25 24 .02
Pain with passive adduction on 7 2 2 1 <.0001 6 2 2 1 <.0001

VAS, cm

VAS, visual analog scale.

* P values analyze the improvement at 12 months’ follow-up compared with the measurements at enrollment.

VAS score.'® At 12 months, the neutral rotation sling group
trended toward better overall pain relief compared with the
internal rotation sling group (mean VAS score, 4 =9 mm vs
9+ 6 mm; P=.08; 95% CI, —0.6 to 9.9 mm), although the
difference did not meet the MCID. Finally, the neutral rota-
tion sling group had greater improvements in the ability to
sleep in the horizontal position (mean VAS score improve-
ment, 49 = 24 mm vs 35 £ 43 mm), but the difference did not
reach statistical significance (P =.20; 95% CI, —10 to 36 mm)
(Fig. 3).

Discussion

To our knowledge, this is the first study examining the in-
fluence of sling position on range of motion and patient-
determined outcomes after anatomic total shoulder arthroplasty.
This study demonstrated greater improvements with the use
of a neutral rotation sling after total shoulder arthroplasty for
external rotation motion, with statistically significant im-
provements found in active (P =.03) and passive (P =.02)

Table III  Comparison of improvements in range of motion between groups from baseline to final follow-up

Neutral rotation sling Internal rotation sling P value 95% (I
Supine active flexion, °© 35+ 20 23+ 20 .16 -5 1029
Supine passive flexion, ° 29+ 19 20+ 16 14 —-3to21
Active external rotation, ° 42 £ 24 25+ 20 .03* 2to33
Passive external rotation, ° 44+ 21 26+ 21 .02* 4 to 34
Supine active abducted external rotation, ° 36 + 22 26 + 17 .16 —4 t0 23
Supine passive abducted external rotation, ° 39+ 26 27 £ 19 .13 —4 to 28
Supine active abducted internal rotation, ° 16 £+ 19 15 £ 17 .85 —12 to 15
Supine passive abducted internal rotation, ° 16 + 20 20+ 17 .56 —-18 to 10
Standing active flexion, °© 37+23 29 + 26 .34 -9 to 26
Active internal rotation behind back, cm 18 + 10 11+11 .09 -1to 15
Active horizontal adduction, cm 8.3+6.1 29+7.8 .06 —0.2 to 11
Passive horizontal adduction, cm 7.7+5.6 3.714.8 .05* 0.1to8
Pain relief with passive adduction on VAS, cm 6.2 2.1 3.5£2.5 .002* 1to4

(I, confidence interval; VAS, visual analog scale.
* Statistically significant.
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Figure 3  (A) Visual analog scale (VAS) scores for overall pain. **There was a statistical trend toward decreased pain in the neutral ro-

tation sling group compared with the internal rotation sling group at 12 months (P = .08). (B) VAS scores for night pain. **There was statistically
significantly less night pain in the neutral rotation sling group than in the internal rotation sling group at 2 weeks (P = .047). (C) VAS scores

for neck pain. (D) VAS scores for ability to sleep in horizontal position.

external rotation with the arm in the neutral position. In ad-
dition, we found statistically greater improvements in passive
horizontal adduction (P =.047) and pain with passive ad-
duction (P =.002) and trends toward improvements in both
active horizontal adduction (P = .06) and active internal ro-
tation behind the back (P =.09) in patients using a neutral
rotation sling after total shoulder arthroplasty. Improve-
ments in both active flexion (difference of 12° between groups)
and passive flexion (difference of 9° between groups) were
greater in the neutral rotation sling group, but these did not
meet the level of statistical significance.

Night pain is frequently found in patients with shoulder
pain. However, the underlying cause of this night pain
has not been determined.'” At 2 weeks after surgery, pa-
tients in the neutral rotation sling group had significantly
less night pain than patients using an internal rotation sling
(P =.047). A trend toward better overall pain relief at 12
months after surgery was found in the neutral rotation sling
group compared with the internal rotation sling group as
determined by the VAS. However, this remains of unknown
clinical significance because it did not meet the MCID of
the VAS.'

Fortunately, the benefits of the neutral rotation sling did
not come at the cost of increased discomfort or inconve-
nience as determined by self-reported compliance. Both sling
groups reported similar compliance rates and VAS scoring

of compliance with how patients were instructed to wear the
sling.

The findings of our study had several similarities with
the findings of Conti et al,” who examined the use of a 15°
external rotation brace after rotator cuff repair in a
prospective, randomized, unblinded trial. Although there
were no differences found in patient-determined outcome
scores (DASH, Constant, and UCLA scores), this trial
demonstrated significantly less pain during the early post-
operative period as determined by a VAS. In addition, passive
range of motion, particularly abduction and external rota-
tion, was significantly greater in the external rotation brace
group.

One limitation of this study is that it does not elucidate
the mechanisms for improved relief of night pain and the
greater range of motion provided by the neutral rotation sling.
One might theorize that the neutral rotation sling keeps the
anterior capsule and subscapularis in a relatively length-
ened position compared with the internal rotation sling (Fig. 4).
This theory would explain why external rotation is im-
proved in the neutral rotation sling group because the internal
rotation sling might be more likely to predispose the post-
operative shoulder to an anterior shoulder contracture and
thereby loss of relative external rotation.

Another limitation is that this study includes a relatively
short follow-up period for studies examining the outcomes
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Figure 4  (A) Magnetic resonance imaging of shoulder immobilized in neutral rotation sling. (B) Magnetic resonance imaging of shoul-
der immobilized in internal rotation sling.
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