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Importance of Initial Peak Torque of the
Supraspinatus Muscle during Shoulder Flexion
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Background: Most previous studies have evaluated flexion strength to assess recovery after arthroscopic rotator cuff (RC) repair.
However, limited data are available regarding peak torque at the initial angle (iPT) because most studies have measured flexion
strength for peak torque (PT), particularly in small- and medium-sized supraspinatus tears. The purpose of this study was to com-
pare conventional PT and iPT to evaluate supraspinatus muscle strength after arthroscopic RC repair in patients with small- and
medium-sized supraspinatus tears.

Methods: Isokinetic muscle performance testing was performed in 42 patients with small tears and in 47 patients with medium-sized
tears. PT and iPT were evaluated before and 1 year after surgery and were recorded at an angular velocity of 60°/sec and 180°/sec
with an isokinetic test.

Results: PT and iPT were significantly lower in the involved-side shoulders than in the uninvolved-side shoulders (PT: small tear, p <
0.001; medium tear, p < 0.001; iPT: small tear, p < 0.001; medium tear, p < 0.001) in both groups, preoperatively. However, postopera-
tively, in the involved-side shoulders, PTs were not different in both small- and medium-sized tears (all p > 0.05), but iPTs were signifi-
cantly lower in the involved-side shoulders (small tear, p < 0.001; medium tear, p < 0.001). iPT was significantly lower in the involved
side shoulders in the medium-sized tear group than in the small-sized tear group before and after surgery (p < 0.05). In the small-
and medium-sized tear groups, tear size was significantly correlated with preoperative iPT in the involved-side shoulders (small
tear: r = —0.304, p = 0.046; medium tear: r = —0.323, p = 0.027). However, pain visual analog scale was significantly correlated with
preoperative (small tear: r = —0.455, p = 0.002; medium tear: r = —0.286, p = 0.044) and postoperative (small tear: r = —0.430, p = 0.005;
medium tear: r=—0.354, p = 0.021) iPT in the involved-side shoulders. Furthermore, fatty infiltration grade of the supraspinatus muscle
and global fatty degeneration index were not associated with preoperative and postoperative PT and iPT in each group (all p > 0.05).
Conclusions: iPT is as important as conventional PT in isokinetic testing to assess supraspinatus muscle strength before and after
RC repair.
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Rotator cuff (RC) tears are the most common shoulder
disease and they can be the primary cause of shoulder
weakness, frequently necessitating RC repair. Escamilla et
al.” reported that the restoration of muscle strength after
RC repair was the most important factor for the stability
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ingly. However, it is challenging to measure the recovery
of muscle strength after RC repair with MMT.” Therefore,
isokinetic muscle tests have been widely used for muscle
performance evaluation,”” and peak torque (PT) is com-
monly measured to restore muscle strength after RC re-
pair.

Most studies have reported the use of PT mea-
surements after RC repair. PT is defined as the maximal
strength or the single highest point in the torque curve
during maximal muscle contraction (conventional PT),”
which is calculated at the midrange during shoulder el-
evation.”” However, recent studies®” have reported that
activation of the supraspinatus muscle may be evaluated
at the initial angle (30° of shoulder flexion) during shoul-
der elevation. Therefore, data on the usefulness of PT at
the initial angle (iPT) in evaluating suitable supraspinatus
function are scarce. Furthermore, no studies have evalu-
ated or compared PT and iPT after arthroscopic RC repair.
Moreover, previous studies™*'"” have reported that patients
with full-thickness RC tears experience weakness in flex-
ion strength before and after surgery, which may be related
to the tear size.'” Tear size is an important determinant
of satisfactory treatment outcomes,”'” including muscle
strength and atrophy. To date, however, the association
between tear size and iPT of the involved-side shoulders
after arthroscopic RC repair has not been demonstrated in
literature.

The purpose of this study was to compare conven-
tional PT and iPT to evaluate muscle strength in function-
al recovery of the supraspinatus muscle after arthroscopic
RC repair in patients with small- and medium-sized
supraspinatus tears. We hypothesized that iPT would be
different from PT in terms of evaluation of supraspinatus
muscle strength after arthroscopic RC repair.

METHODS

Study Design and Patient Classification

This study complied with the Declaration of Helsinki and
was approved by the Institutional Review Board of Korea
University Anam Hospital (IRB No. 2017AN0175). In-
formed consents were waived due to retrospective study.
The patient in the figure of this article permitted print-
ing of his photography. We retrospectively reviewed all
patients who had experienced full-thickness RC tears be-
tween 2009 and 2014 and who were treated at our hospital.
Full-thickness supraspinatus tears were divided into two
groups: small-sized (< 1 cm) and medium-sized (1-2 cm)
tear groups.”"” The cutoff size for small- and medium-
sized supraspinatus tears was 2 cm because the failure rate

in patients with tears measuring > 2 cm was similar to that
in patients with large-to-massive tears.'” Tear size was
directly measured under arthroscopy by a senior surgeon
(WK]).

In this study, only right-handed dominant RC tear
patients were included for a more effective analysis. We
excluded patients with tears measuring > 2 c¢m, large and
massive tears, bilateral RC tears, subscapularis tears, in-
volvement of the non-dominant shoulder, and inability to
perform the muscle strength test due to limited range of
motion and pain. Patients who underwent revision of sur-
gical RC repair, retear, or open repair were also according-
ly excluded from the study. Of the 426 patients included,
89 patients without retear (42 with small tears and 47 with
medium-sized tears) who underwent arthroscopic RC re-
pair were enrolled in this study. Serial ultrasonography ex-
aminations were performed to evaluate repair integrity at
4 weeks, 3 months, 6 months, and 1 year. A senior surgeon
(WK]) from our institution performed all operations and
ultrasonography examinations.

Surgical Technique

One senior orthopedic surgeon (WKJ) performed all
surgical procedures arthroscopically using four portals:
anterior, lateral, posterior, and posterolateral portals. After
the procedure in the GH joint, including synovectomy or
biceps procedures, the scope was moved to the subacro-
mial space to perform subacromial decompression and
RC repair. The anteroposterior size and mediolateral re-
traction of the RC tear were measured, and RC repair was
performed accordingly. The repair technique was decided
according to tear size. If the tear was less than 1 cm, single-
row repair was performed using the modified Mason
Allen technique. If the tear size was between 1 and 2 cm,
the transosseous equivalent technique was used using two
medial anchors and two lateral anchors.

Evaluation

Isokinetic muscle performance test

Muscle strength and endurance were measured using
the isokinetic Biodex multi-joint system 4 (Biodex Medi-
cal System, Shirley, NY, USA) before and 1 year after
surgery to evaluate flexion strength in the shoulders on
the involved and uninvolved sides. Flexion strength and
endurance were measured in the upright sitting posi-
tion between 0° and 160° of flexion in the scapular plane
(i.e., 30° of horizontal flexion anteriorly from the coronal
plane) with full extension of the elbow joint using an im-
mobilizer to restrict the use of elbow flexors (Fig. 1). The
muscle strength test was repeated five times to evaluate
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PT and iPT at 60°/sec. In this study, PT was recorded at
midrange (83°) during the test with a full range,”” whereas
iPT was recorded at 30° of flexion during the test with a
full range."” Muscle endurance was repeated 15 times to
evaluate the total work at 180°/sec. Muscle strength was
recorded with correction of body weight (in newton meter
kilogram™ x 100) due to differences in the morphological
features, such as sex, body weight, and height, of enrolled
individuals.”” Muscle endurance was recorded with the
sum of 15 repetitions (J). In this study, to quantify the test-
retest reliability for muscle strength, intraclass correlation

Fig. 1. Isokinetic test position.

coefficients (ICCs) were calculated for two trials of flexion
strength. ICCs for PT and iPT were 0.87 and 0.81, respec-
tively.

Postoperative rehabilitation protocol

All patients with small- and medium-sized supraspinatus
tears underwent abduction immobilization for 3-4 weeks.
From 3 to 4 weeks postoperatively, passive and active-
assisted range of motion exercises such as flexion, abduc-
tion, and external rotation were gradually encouraged to a
pain-free range. Active elbow exercises with immobilizers
were performed immediately after surgery. Isometric and
isotonic muscle strengthening exercises were initiated at 8
and 10 weeks postoperatively. Proprioception and neuro-
muscular retraining were initiated at 6 weeks postopera-
tively with 30° of flexion in the scapular plane, which was
then gradually increased to 90° of flexion. We allowed un-
restricted sports activities 6 months after the surgery. All
the patients underwent the same rehabilitation protocol.

Statistical Analysis

Based on the findings of a previous study,” a difference in
shoulder muscle flexion strength of > 15% between the in-
volved- and uninvolved-side shoulders after arthroscopic
RC repair in each group was regarded as clinically im-
portant. All continuous variables are presented as mean +
standard deviation. The paired t-test was used to compare
the mean difference of PT, iPT, and total work between
the preoperative and postoperative periods in each group.
Student ¢-test was used to compare the mean difference of
PT, iPT, and total work preoperatively and postoperatively

Table 1. Demographic Data of the Small- and Medium-Sized Supraspinatus Tear Groups

Variable Small-sized tear group (n = 42)

Sex (male : female) 18:24
Age (yr) 57.1+93
Body mass index (kg/m?) 24+3

Follow-up (mo) 12.2+04
Preoperative P-VAS at activity 6.4+17
Postoperative P-VAS at activity 31+10
Tear size 07+02
Fatty infiltration grade 0.7+0.7
GFDI 23+20

Medium-sized tear group (n = 47) p-value
17:30 0.666
60.4 £8.3 0.076
24683 0.328
12.1+03 0.896
6.2+14 0.398
2710 0.441
1.7+03 <0.001*
1.2+0.7 0.004*
36+2.1 0.007*

Values are presented as mean + standard deviation.
P-VAS: pain visual analog scale, GFDI: global fatty degeneration index.
*Statistically significant.
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between the two groups. Correlations between PT and iPT
on tear size, pain visual analog scale (P-VAS) scores, fatty
infiltration grade of the supraspinatus muscle, and global
fatty degeneration index (GFDI) were assessed using
Pearson’s correlation analysis. Statistical analysis was per-
formed using IBM SPSS ver. 21.0 (IBM Corp., Armonk,
NY, USA), with the significance level set at p = 0.05.

RESULTS

Demographics

A total of 89 patients with RC tears (42 in the small-sized
tear group vs. 47 in the medium-sized tear group) were in-
cluded in this study, and analysis was performed at a mean
of 12 months postoperatively. Patient demographic data

are presented in Table 1. There were no significant differ-
ences in age, height, weight, duration of follow-up, and P-
VAS between the small- and medium-sized tear groups (p
> 0.05). However, there were significant differences in tear
size (p < 0.001), fatty infiltration grade of the supraspina-
tus muscle (p = 0.004), and GFDI (p = 0.007).

Comparison of Isokinetic Muscle Performance between
the Involved and Uninvolved Shoulders in Each Group

Preoperatively, in both groups, PT (small tear: 29.1 + 15.4
vs. 42.2 £ 16.4, 72.2%, p < 0.001) and iPT (medium tear:
10 + 9.8 vs. 23.5 + 15.9, 49.6%, p < 0.001) were significant-
ly lower in the involved-side shoulders than in the unin-
volved-side shoulders (Table 2). However, postoperatively,
in the involved-side shoulders of the small- and medium-

Table 2. Comparison of Isokinetic Muscle Performance before and 1 Year after Surgery between Both sides in the Small- and Medium-Sized

Supraspinatus Tear Groups

Preoperative Postoperative
Variable
Involved Uninvolved p-value Involved Uninvolved p-value
Small tear (iPT) 145104 228+11.2 <0.001* 19+83 25+10.3 <0.001*
Difference (%)’ -29.3 -176
MD (95% Cl) 83(4.7t011.9) 6(3.6t07.5)
Small tear (PT) 29.1+154 422 +16.4 <0.001* 43 +30.5 422 +144 0.874
Difference (%)’ -17.8 59
MD (95% Cl) 13.1(8.6 t0 17.6) —-0.8(-9.8t08.3)
Medium tear (iPT) 10+98 235+159 <0.001* 15.6 £6.1 23.2+11.7 <0.001*
Difference (%)’ -50.4 -26.9
MD (95% Cl) 13.5(9.51t0 17.6) 76(3.7t011.4)
Medium tear (PT) 23.7+139 36+16.9 <0.001* 32+13 33314 0.300
Difference (%)" -322 -39
MD (95% Cl) 12.3(9.0 to 15.6) 1.3(-1.2t03.8)
Small tear total work 294.2 +57.6 368.9+42.4 <0.001* 351.9+41.0 365.1+49.2 0.220
Difference (%)’ -18.7 -36
MD (95% Cl) 77.7 (31 to 94) 52(-8.3t027.1)
Medium tear total work 267.1 £31.1 334.6 £46.1 <0.001* 341.1 £46.4 338.5+40.0 0.613
Difference (%)’ -202 0.8
MD (95% Cl) 67.5(19 to 78) -2.6(-10.4 to 57)

Values are presented as mean + standard deviation unless otherwise indicated. Measurement unit: muscle strength (Nm kg™ x 100) and muscle

endurance (J).

iPT: peak torque at the initial angle, MD: mean difference, Cl: confidence interval, PT: peak torque.
*Statistically significant. 'The difference is calculated as a percentage (%) of the involved side value minus the uninvolved side value. Positive percent
means that the involved side is greater than the uninvolved side. Negative percent means that the involved side is smaller than the uninvolved side.
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sized tear groups, PT was similar (small tear: 43 + 30.5 vs.
422 + 14.4,105.9%, p = 0.874; medium tear: 32 + 13 vs. 33.3
+ 14, 96.1%, p = 0.300), but iPT was significantly lower than
that in the uninvolved-side shoulders (small tear: 19 + 8.3
vs. 25 + 10.3, 82.4%, p < 0.001; medium tear: 15.6 + 6.1 vs.
23.2+11.7,73.1%, p < 0.001) (Table 2, Fig. 2).

Preoperatively, in both groups, total work (small
tear: 294.2 + 57.6 vs. 368.9 + 42.4, p < 0.001; medium tear:
267.1 + 31.1 vs. 334.6 £ 46.1, p < 0.001) was significantly
lower in the involved-side shoulders than in the unin-
volved-side shoulders (Table 2, Fig. 2). However, postop-
eratively, in both groups, total work (small tear: 351.9 +
41.0 vs. 365.1 £ 49.2, p = 0.220; medium tear: 341.1 + 46.4
vs. 338.5 + 40.0, p = 0.613) was not significantly different
between the involved-side shoulders and the uninvolved-
side shoulders (Table 2, Fig. 2).

Comparison of Isokinetic Muscle Performance between
the Two Groups

On the involved-side shoulders, iPT was significantly
higher in the small-sized tear group than in the medium-
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sized tear group before and after surgery (p < 0.05) (Fig.
3A and B). On the involved-side shoulders, PT was not
significantly different between the groups before surgery
(p > 0.05) (Fig. 3A); however, it was significantly higher
in the small-sized tear group than in the medium-sized
tear group after surgery (p < 0.05) (Fig. 3B). On the unin-
volved-side shoulders, PT and iPT were not significantly
different between the two groups both before and after
surgery (p > 0.05) (Fig. 3A and B). On the involved-side
and uninvolved-side shoulders, total work was not signifi-
cantly different between the two groups both before and
after surgery (p > 0.05) (Fig. 3C and D).

Correlation of iPT and PT with Tear Size, P-VAS, Fatty
Infiltration, and GFDI in the Involved Shoulders

In the small- and medium-sized tear groups, tear size was
significantly correlated with preoperative iPT (small tear:
r =-0.304, p = 0.046; medium tear: r = -0.323, p = 0.027)
(Table 3). P-VAS was significantly negatively correlated
with preoperative (small tear: r = -0.455, p = 0.002; me-
dium tear: r = -0.286, p = 0.044) and postoperative iPT
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Fig. 2. Isokinetic muscle performance (peak torque at the initial angle [iPT], peak torque [PT], and total work) at preoperative and at postoperative 1 year
between the involved and uninvolved side in each group. (A) Muscle strength before surgery. (B) Muscle strength after surgery. (C) Muscle endurance
before surgery. (D) Muscle endurance after surgery. Small supraspinatus tear: tear size less than 1 cm. Medium-sized supraspinatus tear: tear size

between 1 and 2 cm. *p < 0.05.
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Fig. 3. Isokinetic muscle performance (peak torque at the initial angle [iPT], peak torque [PT], and total work) before and 1 year after surgery between
patients with small- and medium-sized supraspinatus tears. (A) Muscle strength before surgery. (B) Muscle strength after surgery. (C) Muscle endurance
before surgery. (D) Muscle endurance after surgery. Small supraspinatus tear: tear size less than 1 cm. Medium-sized supraspinatus tear: tear size

between 1and 2 cm. *p < 0.05.

(small tear: r = —0.430, p = 0.005; medium tear: r = -0.354,
p = 0.021), but not with preoperative and postoperative
PT (p > 0.05) (Table 3). Fatty infiltration grade of the su-
praspinatus muscle and GFDI were not associated with
preoperative and postoperative PT and iPT in each group
(all p > 0.05).

DISCUSSION

The main finding of the present study is that although
PT was not different, iPT was significantly lower on the
involved side than on the uninvolved side in the small-
and medium-tear groups at 1 year postoperatively. Fur-
thermore, both PT and iPT were significantly lower in
the medium-sized tear group than in the small-sized
tear group. However, there was a significant difference in
muscle endurance between the involved side and the un-
involved side before surgery, but there was no difference
at 1 year postoperatively. In addition, tear size and P-VAS
were significantly associated with iPT in the involved-side

shoulders in both groups. However, fatty infiltration grade
of the supraspinatus muscle and GFDI were not associated
with preoperative and postoperative PT and iPT in each
group.

These findings indicate that iPT may be another
useful option for evaluating the functional recovery of the
supraspinatus muscle before and after RC repair. Stud-
ies evaluating changes in flexion strength at 1 year after
surgery in patients with full-thickness supraspinatus tears
have reported varying results. Walker et al."” showed that
PT for flexion of the uninvolved-side shoulders improved
by 75% at 1 year postoperatively; however, their study in-
cluded patients with large to massive tears. Rokito et al."”
and Kirschenbaum et al.'"¥ reported that PT for flexion of
the uninvolved-side shoulders in patients with small- and
medium-sized tears was 97% at 1 year postoperatively.
The results of PT in the present study are consistent with
these findings. However, the aforementioned studies did
not evaluate the iPT. In the present study, patients with
small- and medium-sized tears regained 82.4% and 73.1%
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Table 3. Correlations of iPT and PT with Tear Size, P-VAS, Fatty Infiltration, and GFDI in the involved side in the Small- and Medium-Sized

Supraspinatus Tear Groups

Small sized tear group (n = 42)

Medium sized tear group (n = 47)

Parameter Preoperative
Tear size P-VAS fatty infiltration
grade
Preoperative iPT
(involved)
PCC (r) —0.304 —0.455 -0.106
p-value 0.046* 0.002* 0.504
Preoperative PT
(involved)
PCC (r) 0.027 —0.082 —0.254
p-value 0.866 0.571 0.105
Postoperative iPT
(involved)
PCC (r) —0.123 —0.430 0.074
p-value 0.436 0.005* 0.642
Postoperative PT
(involved)
PCC (r) 0.231 —0.284 —-0.034
p-value 0.141 0.068 0.829

Preoperative
GFDI Tear size P-VAS fatty infiltration GFDI
grade
—-0.120 —-0.323 —0.286 0.247 -0.018
0.450 0.027* 0.044* 0.094 0.903
—0.096 0.180 -0.217 -0.072 0.005
0.546 0.226 0.168 0.629 0.974
0.027 —0.097 —0.354 0.108 0.173
0.866 0.518 0.021* 0.470 0.245
—-0.015 0.203 -0.190 —0.227 -0.280
0.923 0.172 0.227 0.124 0.057

iPT: peak torque at the initial angle, PT: peak torque, P-VAS: pain visual analogue scale, GFDI: global fatty degeneration index, PCC: Pearson correlation

coefficient.
*Statistically significant.

strength of the involved-side shoulders, respectively, com-
pared to that of the uninvolved-side shoulders at 1 year
postoperatively; that is, there was a clinically significant
difference even at 1 year postoperatively. Although the
reason for this observation is unclear, it may be explained
by the function of the supraspinatus muscle at the initial
angle of shoulder elevation. Several previous studies””
have reported that the relationship between the supraspi-
natus and deltoid muscles during shoulder elevation is
important for normal shoulder kinematics. In particular,
the supraspinatus muscle is more involved during initial
shoulder elevation than the deltoid muscle’*"” because at
the initial flexion angle, the deltoid muscle is parallel to
the vertical axis of the humerus.'** However, at 90° shoul-
der elevation, the supraspinatus muscle has a lower flexion
activity than the deltoid muscle””” because the supraspi-
natus muscle contributes more substantially to the stabi-
lization of the humeral head into the glenoid than flexion
torque from the higher activation of the deltoid muscle.””
Chalmers et al.” and Alpert et al.”” reported that while the

activity of the supraspinatus muscle is higher at the initial
30° of shoulder elevation, the deltoid muscle is more active
at 90° shoulder elevation than at 30° shoulder elevation.
Therefore, evaluating the recovery of supraspinatus muscle
strength with PT alone after RC repair may be erroneous.
Considering the findings of previous studies, iPT may
also be useful in evaluating the recovery of supraspinatus
muscle strength in patients with limited evaluation due to
pain or ROM limitation at high flexion angles such as 90°.
Many previous studies'>***” have reported an as-
sociation between the tear size of RC muscles and muscle
strength, but most of these studies have been conducted
on patients with large to massive tears. However, McCabe
et al”” and Miller et al.’® investigated the association be-
tween small- and medium-sized supraspinatus tears and
flexion strength. The authors found that flexion strength
was not associated with small- and medium-sized tears,
but it was associated with large to massive tears as the
activity of the infraspinatus muscle can increase progres-
sively compared to that of the supraspinatus muscle at
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90° shoulder elevation.'**” The aforementioned studies
measured PT at 90° shoulder elevation. The results related
to tear size and PT in the present study are consistent with
these findings. However, most of the aforementioned stud-
ies did not analyze the association between tear size and
iPT. To our knowledge, only one study*” has investigated
the relationship between tear size and muscle strength
at an initial shoulder elevation of 10° and reported that
small- and medium-sized tears were not associated with
the strength at that angle. However, in the present study,
small- and medium-sized tears were associated with pre-
operative iPT. Therefore, our results differ from those of
the previous study, which may be due to the difference in
the angle of shoulder elevation. In a previous cadaveric
study,” the initial 20° of shoulder elevation may not have
been reliable for the assessment of shoulder muscle acti-
vation, especially regarding the supraspinatus muscle.””
Below the initial 20° of shoulder elevation, the GH joint
may be slightly elevated during flexion to prevent inferior
translation of the loaded humerus.”** Furthermore, in the
present study, iPT was significantly lower in the medium-
sized tear group than in the small-sized tear group before
and after surgery. In particular, preoperative and postop-
erative iPT were related to P-VAS measured at activity, but
not with fatty infiltration grade and GFDL

This study has certain limitations. First, this study
has a retrospective design; thus, future prospective stud-
ies with a larger number of patients with large-to-massive
tears and patients with retears are necessary. Second, we
did not perform electromyography (EMG) assessments.
Generally, muscle activation was measured using EMG,
but an EMG device with intramuscular electrodes, which
is necessary for the assessment of supraspinatus muscles,

may trigger pain and minor discomfort due to needle
insertion,” which may affect the results of the measure-
ments.”*” However, the isokinetic test has also been used
to assess the strength and activity of muscles in the upper
and lower extremities in many previous studies; this meth-
od is noninvasive, unlike needle EMG. Third, we could
not evaluate the correlation between postoperative fat
infiltration grade and muscle strength because there were
6-month time difference between postoperative magnetic
resonance imaging and isokinetic tests. Finally, outcomes
in long-term follow-up of more than 1 year should be con-
firmed, and their correlation with clinical outcome scores
need to be investigated in the future.

In conclusion, iPT is as important as conventional
PT in isokinetic testing to assess supraspinatus muscle
strength during shoulder flexion before and after ar-
throscopic RC repair. Therefore, clinicians need to identify
the muscle strength of small- and medium-sized supraspi-
natus tears at the initial angle, and therapists must concen-
trate on exercises for restoration of supraspinatus muscle
strength at the initial angle (shoulder flexion 30°) after
arthroscopic RC repair.
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