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Background: The correlation between isokinetic internal and external rotation (IR and ER) strength and functional outcomes in
patients with anterior shoulder instability treated by arthroscopic capsulolabral reconstruction (ACR) has not been studied.

Purpose: To analyze isokinetic IR and ER strength and their correlation with clinical outcomes in patients with anterior shoulder
instability treated by ACR.

Study Design: Case series; Level of evidence, 4.

Methods: Between January 2004 and June 2015, a total of 104 patients who underwent ACR for anterior shoulder instability were
analyzed. The mean peak torque (PT) in IR (IRPT) and ER (ERPT), PT deficit (PTD; %) relative to the opposite healthy shoulder, and
PT ratio (PTR; ERPT/IRPT) were calculated before and 1 year after surgery. Functional scores were evaluated before surgery and at
every follow-up visit. Recurrence and postoperative apprehension during ER at 90� of arm abduction were evaluated at 1 year and
the final follow-up (76.6 ± 64.4 months).

Results: IR and ER strength were measured for 68 of 104 patients at 1 year after surgery. ERPT and IRPT were less on the involved
side than on the uninvolved side before surgery (0.29 ± 0.10 vs 0.33 ± 0.10 N�m/kg, respectively, for ERPT [P ¼ .002]; 0.36 ± 0.14 vs
0.41 ± 0.16 N�m/kg, respectively; for IRPT [P¼ .01]). At 1 year after surgery, IRPT on the involved side recovered (0.40 ± 0.20 N�m/kg),
whereas ERPT remained weak (0.30 ± 0.13 N�m/kg) relative to the baseline value. PTD in IR (PTDIR) improved to 2.2% ± 24.4%
(P¼ .012), whereas PTD in ER (PTDER) showed no improvement (13.5% ± 13.8%; P¼ .569). PTR on the involved side improved from
1.07 ± 1.71 to 0.86 ± 0.23 at 1 year (P < .001). All functional scores improved significantly at the final follow-up. At 1 year, 9 of
68 (13.2%) patients showed positive apprehension. PTDIR and PTDER on the involved side were worse in patients with positive
apprehension than in those with negative apprehension (P ¼ .039 and .014, respectively). PTDER was worse than PTDIR in patients
with positive apprehension at 1 year (P ¼ .022).

Conclusion: For those with anterior shoulder instability, preoperative IR and ER strength of the involved shoulder were lower than
those of the uninvolved shoulder. IRPT recovered, whereas ERPT remained weak after ACR. To prevent positive apprehension after
surgery, IR and ER strengthening exercises are important, with more emphasis on exercises for ER.

Keywords: anterior shoulder instability; arthroscopic capsulolabral reconstruction; isokinetic rotator strength; rotator muscle
balance; functional outcomes

Glenohumeral instability occurs because of deficiencies in
static and/or dynamic stabilizers of the humeral head on the
glenoid.6 Shoulder muscles stabilize the glenohumeral joint
by compressing the humeral head against the concave glen-
oid surface, allowing concentric rotation of the humeral head
on the glenoid.13 Capsulolabral reconstruction establishes
the chock block effect of the labrum in an unstable shoulder,
preventing abnormal anterior translation. This allows an
effective concavity-compression mechanism by the shoulder

muscles,19 thereby protecting the reconstruction site and
restoring full range of motion and arm strength to facilitate
a return to normal working or sporting activities.17

An isokinetic muscle strength test is a tool that quanti-
fies shoulder muscle strength.21,28 The isokinetic torque of
the rotator muscles as well as the side-to-side difference
(isokinetic strength deficit) and the ratio between external
and internal rotation (ER and IR) strength for the involved
or uninvolved shoulder are often used to assess dynamic
stabilizers of the shoulder joint.3,4,8,27 There are contradic-
tory reports regarding the imbalance of ER and IR muscles
in patients with shoulder instability. According to Edouard
et al,7 recurrent anterior instability is associated with
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weakness and imbalance between the strength of internal
and external rotators relative to the strength on the
healthy side. However, in a prospective study of 102
patients with anterior shoulder instability, Jan et al14

found no significant difference in the strength of internal
and external rotators between the injured and uninjured
sides for those patients suffering from shoulder instability,
regardless of arm dominance, the number of dislocations,
and the severity of bone damage.

Although Amako et al2 showed that the mean peak
torque (PT) in ER (ERPT) and IR (IRPT) was recovered after
arthroscopic or open Bankart repair, there are few studies
regarding the correlation of rotator muscle strength with
shoulder function after surgery for instability. Moreover,
rotator muscle strength of the shoulder after anterior
arthroscopic capsulolabral reconstruction (ACR) is a debat-
able topic.2,24 Furthermore, the correlation between isoki-
netic strength of the shoulder rotators and functional
outcomes in patients with anterior shoulder instability
treated by ACR has not been studied. Therefore, this study
aimed to analyze isokinetic strength of the shoulder rotator
muscles and its correlation with clinical outcomes in
patients with anterior shoulder instability treated by ACR.

METHODS

In this institutional review board–approved study, a series
of anterior ACR procedures performed by the senior author
(J.H.O.) were retrospectively reviewed. Patients electing to
undergo arthroscopic capsulolabral repair for unilateral
anterior shoulder instability between January 2004 and
June 2015 were recruited from an institutional database
(n ¼ 231). All of the patients had a true dislocation due to
moderate to severe trauma, a minimally traumatic disloca-
tion, or a subluxation with subjective feelings of having a
dislocation. A minimal traumatic dislocation was defined as
a dislocation during daily activities (reaching out hands to
the back seat while driving, taking off clothes, etc) without
trauma or dislocation due to light exercise. A subluxation
with subjective feelings of having a dislocation was
regarded as “instability without a true dislocation.” Most
patients were recreational sports players, and unless those
were revision cases, at our facility, soft tissue procedures
were preferred over bony procedures, including the Latar-
jet procedure. Patients with bilateral involvement (n ¼ 21),
those who underwent revision/multiple surgical procedures
(n ¼ 15), those requiring open surgery or additional

procedures (remplissage, Latarjet, Bristow; n ¼ 3), those
with multidirectional instability (n ¼ 6), and those lost to
follow-up (n ¼ 82) were excluded. Ultimately, 104 patients
who had undergone the isokinetic muscle performance test
(IMPT) before and at 1 year after surgery were included
(Figure 1). Bone loss of the anteroinferior glenoid before
surgery was measured for all patients using computed
tomography. The level of shoulder activity during sports
or work was graded using a 3-level scale (high, moderate,
and low).20 A high level was defined as participation in
dynamic or contact sports (eg, boxing, rugby, basketball,
tennis, and volleyball) or heavy manual labor (eg, construc-
tion and manufacturing), a moderate level was defined as
participation in static sports (eg, golf, yoga, swimming, and
skiing) or manual labor involving less physical activity (eg,
housework), and a low level was defined as rarely engaging
in sports or a sedentary lifestyle.

Surgical Procedure

All surgical procedures (Figure 2) were performed in the
lateral decubitus position using a traction device (ACU-
FEX; Smith & Nephew) with approximately 4 kg (10 lb)
of weight. For anterior capsulolabral reconstruction, an
additional lateral traction device was applied to pull the
arm laterally for easy access to the anterior compartment
of the glenohumeral joint. Diagnostic arthroscopic surgery

Arthroscopic surgeries between
January 2004 and June 2015

(N=2711) 

Capsulolabral reconstruc�on
for anterior instability (n=231)

Preopera�ve IMPT and minimum
1-year follow-up (n=104)

IMPT at 1-year follow-up (n=68)

Excluded (n=127)
· Bilateral involvement (n=21)
· Revision/mul�ple surgeries 
(n=15)

· Open surgeries or addi�onal 
procedures (remplissage, 
Latarjet, Bristow) (n=3)

· Mul�direc�onal instability 
(n=6)

· Loss to follow-up (n=82)

Figure 1. Flowchart of patient inclusion in the study. IMPT,
isokinetic muscle performance test.
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was performed with the standard posterior portal as the
viewing portal and the anteroinferior portal as the pri-
mary working portal. When an overall examination of the
glenohumeral joint was performed, an additional antero-
superior portal was used as the secondary working portal.
The abnormally attached labrum or anteroinferior

glenohumeral ligament was mobilized first from the glen-
oid neck. Then, a 2– to 3 mm–wide section of subchondral
bone was exposed using a motorized bur for bleeding bone
bed preparation. Overall, 3 or 4 drill holes were made from
the 2- to 6-o’clock positions. The ideal path for suture pas-
sage was through the capsule, at least 1 cm distal and 1 to

Figure 2. (A) A Bankart lesion is shown through a posterior portal. (B) The labrum is mobilized from the glenoid neck, and
subchondral bone is exposed using a bur. (C) There are 3 to 4 drill holes made from the 2- to 6-o’clock positions. (D) A capsulolabral
bite is created with the help of a suture passer at a point 1 cm distal and 1 to 2 cm lateral to the drill hole. (E) The same length and
tension are achieved between the anterior tissue and posterior tissue limb of the anchor loop. (F) The final construct of capsulo-
labral repair is shown.
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2 cm lateral to the drill hole. With the anterior labrum
when present, the capsule was sutured and tacked down
using 3 or 4 evenly spaced suture anchors (Bioknotless;
Mitek).

Postoperative Rehabilitation

After surgery, a home-based physical therapy protocol
was prescribed for all patients, and the exercises were
taught during follow-up visits. The shoulder was sup-
ported for 4 to 6 weeks in neutral rotation with a brace
(Acro Assist 50A1; Ottobock). No passive motion was
allowed during that period, and only active hand, wrist,
and elbow exercises with shrugging were permitted.
Active shoulder stretching exercises including active/
active-assisted range of motion were started after brace
removal. After the restoration of range of motion by
stretching exercises, strengthening exercises with Thera-
Band (Hygenic) were started at 3 months. TheraBand
was available in 4 progressive levels of resistance.
Patients were instructed to start strengthening exercises
involving forward flexion, ER, and IR with the lowest
level of resistance. For forward flexion, patients were
instructed to begin while standing upright. Then, they
were asked to place TheraBand under the foot and push
forward with arm extension. For ER and IR exercises,
patients were instructed to begin in a standing upright
position with their elbows bent at 90�. For ER, Thera-
Band was anchored into a doorjamb, and patients were
asked to rotate slowly away from the opposite arm. For
IR, patients were asked to assume the same position as
that for ER and told to rotate slowly toward the opposite
arm. If the patients experienced pain during the exer-
cises, they were asked to rest or lower the resistance
level. If the patients found the exercises too easy or felt
no resistance, they were instructed to move to the next
resistance level. These 3 exercise sets were performed 3
times a day, with 10 repetitions each time. The proper
level of resistance was checked at the follow-up visit.
Regular sports activities were usually permitted 6
months postsurgically.

Isokinetic Muscle Performance Test

The IMPT was performed using a Biodex 3 PRO System
(Biodex) with patients in the sitting position (Figure 3).
There were 2 bands strapped across the chest with the shoul-
der in a neutral position, 45� of abduction in the scapular
plane, elbow in 90� of flexion, and forearm in neutral rota-
tion. ERPT and IRPT were measured at 60 deg/s, which is
considered representative of functional tasks.12 PT was nor-
malized to the body weight and reported in N�m/kg. The
mean PT deficit (PTD) was calculated as the weight-
normalized PT on the uninvolved (nonoperated/healthy) side
minus that on the involved (operated) side. The percentage
PTD was calculated as a percentage of the mean PTD
divided by the weight-normalized PT on the uninvolved
limb: (uninvolved side PT – involved side PT)/(uninvolved
side PT � 100). The PT ratio (PTR) was the ratio between
ERPT and IRPT on 1 side (ERPT/IRPT), which is indicative

of rotator muscle balance and stability of the shoulder
joint.5,8-10,27 The PTR ranges from 0.57 to 1.19 in different
populations,26 and a value of 2:3 to 3:4 (0.66-0.75) has been
recommended for shoulder injury prevention.8,10,18,27

Outcome Assessment

IMPT findings were analyzed both preoperatively and at
1 year after surgery. Further, preoperative IMPT results
of patients who had instability without a dislocation or
had a minimal traumatic dislocation were compared with
those of patients who had major trauma resulting in a
dislocation. Preoperative pain was assessed on a scale of
0 to 10 (maximum pain ¼ 10) using a visual analog scale
(VAS). Patients were also asked to rate their postopera-
tive pain and satisfaction with surgery by using the VAS
at the annual follow-up visits. A single trained
researcher, who was unaware of the study, collected
data for the American Shoulder and Elbow Surgeons
(ASES) score, Rowe score, and Western Ontario Shoulder
Instability Index (WOSI) before surgery and at every
follow-up visit (3 months, 6 months, and 1 year after
surgery) and analyzed them. According to a previous
study, the minimal clinically important differences
(MCIDs) for the ASES score and Rowe score are 8.5 and
9.7, respectively.23 The MCID for the WOSI is not avail-
able because of the lack of literature.22 Any recurrence
after surgery was recorded. For the apprehension test,
the patient was placed in the supine position with the
scapula supported by the edge of the examining table.
Positive apprehension during ER at 90� of arm abduction
with increasing ER was evaluated by a senior surgeon
(J.H.O.) at 1 year and the final follow-up.

Figure 3. The isokinetic muscle performance test is per-
formed in the sitting position. There are 2 bands strapped
across the chest with the shoulder in a neutral position and
45� of abduction in the scapular plane. External rotation and
internal rotation are tested in a neutral forearm position with
the elbow flexed to 90�.

4 Rhee et al The Orthopaedic Journal of Sports Medicine



Statistical Analysis

Data regarding patient demographics, IMPT results, clini-
cal assessment findings, and functional scores were
obtained from the hospital database, tabulated, and ana-
lyzed using Stata/SE software (Version 14; StataCorp). The
independent t test and paired t test were used for statistical
analysis. Pearson correlation analysis was used to investi-
gate correlations between IMPT findings and clinical out-
comes, including VAS scores for pain and satisfaction and
functional scores. P <.05 was considered statistically
significant.

RESULTS

The demographic characteristics of the study patients are
shown in Table 1. Of the 104 patients initially included, 68
completed the IMPT at 1 year after surgery. Most patients
were male (n ¼ 89; 85.6%), and the mean number of dislo-
cations was 9.4 ± 9.4 before surgery. The mean age was 26.6
± 10.7 years, and the mean follow-up period was 76.6 ± 64.4
months (range, 26-112 months).

PT of ER and IR

Preoperative ERPT and IRPT values for the involved side
were significantly lower than those for the contralateral side
(0.29 ± 0.10 vs 0.33 ± 0.10 N�m/kg, respectively, for ERPT

[P ¼ .002]; 0.36 ± 0.14 vs 0.41 ± 0.16 N�m/kg, respectively,

for IRPT [P ¼ .01]). At 1 year, IRPT on the involved side
recovered (0.40 ± 0.20 N�m/kg) to the level on the uninvolved
side (0.44 ± 0.21 N�m/kg) (P ¼ .154). However, ERPT

remained weaker than that on the contralateral side (0.30
± 0.13 vs 0.35 ± 0.11 N�m/kg, respectively; P < .001)
(Table 2).

PTD in IR and ER and PTR

On the involved side, PTD in ER (PTDER) and PTD in IR
(PTDIR) were 11.2% ± 16.9% and 10.6% ± 23.4%, respec-
tively, before surgery. At 1 year after surgery, PTDIR sig-
nificantly improved to 2.2% ± 24.4% (P ¼ .012), while
PTDER showed no improvement (13.5% ± 13.8%) (P ¼
.569) (Table 3).

Before surgery, PTR, the ratio between ERPT and IRPT

(ERPT/IRPT) on the involved side (1.07 ± 1.71) was higher
than that on the uninvolved side (0.74 ± 0.28), indicating
the relative weakness of the internal rotators (P < .001). At
1 year, PTR on the involved side (0.86 ± 0.23) became closer
to that on the uninvolved side (0.84 ± 0.21) (P ¼ .731),
indicating the recovery of IR strength.

Preoperative IMPT Findings of Patients Who Had
Instability Without Dislocations or Had Minimal
Traumatic Dislocations

Among the 104 patients, 11 (10.6%) showed instability
without a true dislocation, and 15 (14.4%) showed a

TABLE 1
Patient Demographic Characteristics (N ¼ 104)a

Value

Sex, male:female, n 89:15
Age, y 26.6 ± 10.7 (15-69)
Dominant arm involvement, n (%) 73 (70.2)
Overhead activity, n (%) 45 (43.3)
Level of sports or work, n

High 20
Medium 52
Low 32

Time from dislocation to surgery, y 5.4 ± 6.7 (0-40)
Follow-up, mo 76.6 ± 64.4 (26-112)
Instability without dislocation, n (%) 11 (10.6)
Minimal traumatic dislocation, n (%) 15 (14.4)

Reaching out hands to the back seat while
driving, n

5

Taking off clothes, n 4
Other, n 6

Amount of glenoid bone loss before surgery, % 14.1 ± 9.5 (0-32)
>15%, n (%) 39 (37.5)
�15%, n (%) 65 (62.5)

Glenoid bone loss in patients with positive
apprehension, %

At 1 year after surgery 14.5 ± 9.5 (0-27)
At final follow-up 16.9 ± 9.8 (0-32)

aData are presented as mean ± SD (range) unless otherwise
indicated.

TABLE 2
Peak Torque in External and Internal Rotationa

Involved
Side, N�m/kg

Uninvolved
Side, N�m/kg

P
Value

ERPT

Before surgery (N ¼ 104) 0.29 ± 0.10 0.33 ± 0.10 .002
1 year after surgery
(n ¼ 68)

0.30 ± 0.13 0.35 ± 0.11 <.001

IRPT

Before surgery (N ¼ 104) 0.36 ± 0.14 0.41 ± 0.16 .01
1 year after surgery
(n ¼ 68)

0.40 ± 0.20 0.44 ± 0.21 .154

aData are presented as mean ± SD. Values are normalized to
body weight. Bolded P values indicate statistically significant dif-
ferences. ERPT, peak torque in external rotation; IRPT, peak torque
in internal rotation.

TABLE 3
Peak Torque Deficit in External and Internal Rotation

(n ¼ 68)a

Before Surgery, % 1 Year After Surgery, % P Value

PTDER 11.2 ± 16.9 13.5 ± 13.8 .569
PTDIR 10.6 ± 23.4 2.2 ± 24.4 .012

aData are presented as mean ± SD. Bolded P value indicates
statistically significant differences. PTDER, peak torque deficit in
external rotation; PTDIR, peak torque deficit in internal rotation.
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minimal traumatic dislocation. The preoperative variables
of the IMPT were compared between the patients who had
instability without a dislocation or had a minimal trau-
matic dislocation (minor trauma group) and the patients
who had moderate to severe trauma (major trauma group)
(Table 4). PTDER was significantly worse in the minor
trauma group (P ¼ .038).

Functional Outcomes

The pain VAS score improved from 4.3 ± 3.1 before surgery
to 0.8 ± 1.4 at 1 year after surgery (P ¼ .001), while the
satisfaction VAS score was 8.7 ± 1.5 at 1 year. Similarly,
all functional scores (that is, the ASES score, Rowe score,
and WOSI) significantly improved at 1 year (P < .001,
P¼ .001, and P< .001, respectively) relative to the baseline
values. Functional scores were maintained at the final
follow-up (Table 5). Both the ASES and Rowe scores
achieved their respective MCIDs. There was no significant
correlation between the IMPT results and functional scores
(all P > .05).

Positive Apprehension After Surgery and Isokinetic
IR and ER Strength

There were no true recurrent dislocations in this case
series, but 14 patients (13.5%) showed positive apprehen-
sion at the final follow-up. At 1 year, 9 of 68 (13.2%)
patients with isokinetic IR and ER strength showed posi-
tive apprehension. There was no significant difference in
bone loss before surgery between patients with positive
apprehension and those with negative apprehension at
1 year after surgery (P ¼ .877) and the final follow-up
(P ¼ .675). With regard to PTD on the involved side in
patients with positive apprehension, both PTDIR (positive
apprehension vs negative apprehension: 19.0% ± 30.2%
vs –1.6% ± 25.4%, respectively; P ¼ .039) and PTDER (pos-
itive apprehension vs negative apprehension: 28.7% ±
29.9% vs 12.3% ± 14.9%, respectively; P ¼ .014) were worse
than those in patients with negative apprehension. How-
ever, PTDER was worse than PTDIR in patients with posi-
tive apprehension at 1 year (P ¼ .022).

DISCUSSION

The current study demonstrated that most patients had
satisfactory outcomes with the recovery of IR strength after
surgery. Intrinsic rotator balance, which is essential for
preventing instability, was shifted toward the weakened
internal rotators to lie in the normal range 1 year postsur-
gically. However, ER strength on the involved side
remained weak. Patients with positive apprehension at
1 year after surgery showed more deficiency in IR and ER
strength than did those with negative apprehension, indi-
cating the importance of rehabilitation to achieve better IR
and ER strength and reduce apprehension.

PT values for the operated and nonoperated shoulders
provide objective and quantitative data for examining the
preoperative status of the external and internal rotators
and have shown good to very good reliability for the assess-
ment of progress after rehabilitation.9,21 The patients in
this study showed weakness in both IRPT and ERPT before
surgery, and this could be either a cause or a consequence of
instability. For a stable glenohumeral joint, the complex
interaction of static and dynamic elements is essential. It
is generally accepted that the joint capsule with its

TABLE 4
Isokinetic Muscle Performance Test Findingsa

Minor Trauma
Group (n ¼ 26)

Major Trauma
Group (n ¼ 78)

P
Value

ERPT

Involved side 0.28 ± 0.10 0.30 ± 0.10 .442
Uninvolved side 0.33 ± 0.10 0.34 ± 0.10 .945

IRPT

Involved side 0.34 ± 0.20 0.37 ± 0.10 .338
Uninvolved side 0.41 ± 0.20 0.42 ± 0.20 .760

PTDER 15.4 ± 18.8 10.6 ± 17.8 .038
PTDIR 14.4 ± 28.0 10.2 ± 19.1 .192
PTR

Involved side 1.17 ± 1.99 0.83 ± 0.22 .089
Uninvolved side 0.88 ± 0.21 0.84 ± 0.22 .458

aData are presented as mean ± SD. Values are normalized to
body weight. Bolded P value indicates statistically significant dif-
ferences. ERPT, peak torque in external rotation; IRPT, peak torque
in internal rotation; PTDER, peak torque deficit in external rota-
tion; PTDIR, peak torque deficit in internal rotation; PTR, peak
torque ratio.

TABLE 5
Functional Outcomesa

Before Surgery 1 Year After Surgery Final Follow-up P Valueb P Valuec

Pain VAS 4.3 ± 3.1 0.8 ± 1.4 0.7 ± 0.7 .001 .357
Satisfaction VAS NE 8.7 ± 1.5 9.1 ± 0.9 NA .311
ASES 64.0 ± 19.7 98.2 ± 4.6 92.1 ± 3.5 <.001 .562
Rowe 64.3 ± 17.8 91.3 ± 12.3 89.7 ± 8.9 .001 .711
WOSI 1077.6 ± 337.1 587.4 ± 390.0 572.7 ± 233.8 <.001 .425

aData are presented as mean ± SD. Bolded P values indicate statistically significant differences. ASES, American Shoulder and Elbow
Surgeons; NA, not applicable; NE, not examined; VAS, visual analog scale; WOSI, Western Ontario Shoulder Instability Index.

bStatistical significance of the difference between preoperative and 1-year postoperative values.
cStatistical significance of the difference between 1-year and final follow-up values.

6 Rhee et al The Orthopaedic Journal of Sports Medicine



ligamentous reinforcements and the labrum play a role in
static stabilization of the glenohumeral joint.15 For
dynamic stability, the interaction of neuromuscular struc-
tures is essential to position the arm in space.24 In this
study, the patients who showed instability without true
dislocations (10.6%) or minimal traumatic dislocations
(14.4%) had a worse PTDER than that of patients who had
moderate to severe trauma. As suggested by Codine et al,4

with regard to the strength deficit as a cause of instability,
this supports the idea that a strength deficit negatively
affects dynamic stability.

With regard to PTD on the involved and uninvolved
sides, PTDIR showed a significant improvement at 1 year
after surgery. Although the importance of IR and ER
strength for dynamic stability remains debatable,14 a sig-
nificant improvement in PTDIR without recurrence during
a mean follow-up period of 76.6 months supports the pro-
tective role of IR strength in dynamic stability, as sug-
gested by Warner et al.27 However, in this study, only the
internal rotators, not the external rotators, showed
strength improvements at 1 year after surgery. The lack
of improvement in ER strength indicated that a longer
observation period would be needed to verify the improve-
ment of the external rotators and support the need for reha-
bilitation, especially more focused rehabilitation on the
external rotators, beyond 1 year.

In terms of PTR, ERPT/IRPT normalized at 1 year after
surgery. Generally, the internal rotators are found to be
significantly stronger than the external rotators, and a PTR
of 0.66 to 0.75 has been recommended for shoulder-injury
prevention.8,10,18 Given that the latissimus dorsi and pec-
toralis major are larger and stronger internal rotators than
are the infraspinatus and teres minor, the larger cross-
sectional area of the former 2 muscles could be the reason
for the greater strength of the internal rotators.14 The lon-
ger lever arm of the internal rotators could be another rea-
son for the greater strength.14 However, patients with
anterior instability in this study showed a preoperative
PTR of 1.07 ± 1.71 on the involved side, indicating that the
internal rotators were weaker than the external rotators.
The weaker preoperative internal rotators and improved
PTR and IR strength after surgery without recurrence indi-
cate the restoration of balance in the internal and external
rotators after shoulder stabilization with arthroscopic cap-
sulolabral repair.

In the present study, pain VAS scores improved signifi-
cantly after surgery, with high patient satisfaction. More-
over, all functional scores (that is, the ASES and Rowe
scores and the WOSI) were improved after surgery. Sur-
prisingly, no recurrent dislocation was found. Thus, arthro-
scopic capsulolabral repair seems to be a satisfactory
procedure for anterior instability. Although there were no
clinical failures in this case series, 14 patients (13.5%) expe-
rienced apprehension at the final follow-up. Therefore,
although ACR for the correction of shoulder instability can
prevent recurrent dislocations, some degree of instability
remains. Hiemstra et al12 reported that 11 of 34 patients
(32.4%) felt apprehension at a mean follow-up of 22 years
after open Bankart repair. The higher proportion of
patients with apprehension in the previous study than in

the present study could be attributed to subscapularis mus-
cle insufficiency after open Bankart repair.25 A recent
study of 143 patients who underwent arthroscopic Bankart
repair showed an overall recurrence rate of 18.8% after
surgery, which is comparable to the findings of our study.1

Interestingly, patients with apprehension at the final
follow-up displayed worse PTDIR and PTDER on the
involved side at 1 year after surgery. A higher PTDIR might
have negatively affected the protective effect of the internal
rotators on stabilization of the shoulder and consequently
induced apprehension.27 With regard to the worse PTDER

on the involved side at 1 year after surgery, it is generally
known that the posterior rotator cuff muscles decrease
strain on the anterior structures of the glenohumeral joint
by pulling the humeral head posteriorly and increasing the
compressive force during ER of the shoulder.16 PTDER

before surgery was significantly worse in patients who had
dislocations due to minor trauma or without trauma than
that of patients with major trauma, which indicates that
instability may remain if patients have weak ER strength
after surgery. On the other hand, minor instability after
surgery could require more external rotator muscle activa-
tion to control laxity, which could result in fatigue and
weakening of ER strength. Although the authors could not
arrive at a conclusion on the cause or effect of PTDER on
instability, Gates and Dingwell11 addressed in their biome-
chanics study that muscle fatigue did not lead to increased
instability of the upper extremity. Therefore, the results of
this study suggest the need for rehabilitation of both the
internal and external rotators to prevent apprehension
after arthroscopic capsulolabral repair. Furthermore, con-
sidering that PTDER on the involved side was worse than
PTDIR in patients with positive apprehension at 1 year
after surgery, surgeons should emphasize the importance
of ER strength for better stabilization after surgery and
encourage patients to strengthen their external rotator
muscles.

The present study has several limitations, including the
retrospective design and unavailability of data regarding
return to sports or work. Although the mean follow-up
period was >6 years, with at least 2 years of follow-up for
every patient, the administration of the IMPT at only 1 year
after surgery may have been responsible for the lack of
improvement in ER strength. For the same reason, we
could not evaluate the association between positive appre-
hension and rotation strength at the final follow-up. The
results of the IMPT at the final follow-up may have been
different. Additionally, the reliability of side-to-side differ-
ences (eg, right- and left-handedness and physical activity
level) has always been controversial. A strength difference
of 10% to 15% between the 2 sides has been found in healthy
patients,12 and an asymptomatic contralateral side with
impingement or instability cannot be considered a referent
side.5,8,26 A comparison with a control group may have
reduced the errors associated with the side-to-side analysis.
Moreover, the number of patients with apprehension at 1
year after surgery or the final follow-up was small. Also,
there was no recurrent dislocation after surgery, even for
those who had a high number of dislocations before surgery
or for those who had glenoid bone loss. There is the
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possibility of a selection bias, and further studies with a
greater volume of patients are needed from the same facil-
ity to verify the true rate of recurrent dislocations. Last,
return to sports was not reported in the hospital informa-
tion system; thus, we could not address the return-to-sports
rate.

CONCLUSION

For those with anterior shoulder instability, preoperative
IR and ER strength of the involved shoulder were lower
than those of the uninvolved shoulder. IRPT recovered,
whereas ERPT remained weak after arthroscopic capsulo-
labral repair. To prevent positive apprehension after sur-
gery, IR and ER strengthening exercises are important,
with more emphasis on exercises for ER.

REFERENCES

1. Aboalata M, Plath JE, Seppel G, Juretzko J, Vogt S, Imhoff AB. Results

of arthroscopic Bankart repair for anterior-inferior shoulder instability

at 13-year follow-up. Am J Sports Med. 2017;45(4):782-787.

2. Amako M, Imai T, Okamura K. Recovery of shoulder rotational muscle

strength after a combined Bankart and modified Bristow procedure.

J Shoulder Elbow Surg. 2008;17(5):738-743.

3. Codine P, Bernard PL, Pocholle M, Benaim C, Brun V. Influence of

sports discipline on shoulder rotator cuff balance. Med Sci Sports

Exerc. 1997;29(11):1400-1405.

4. Codine P, Bernard PL, Pocholle M, Herisson C. [Isokinetic strength

measurement and training of the shoulder: methodology and results].

Ann Readapt Med Phys. 2005;48(2):80-92.

5. Dauty M, Dominique H, Helena A, Charles D. [Evolution of the isoki-

netic torque of shoulder rotators before and after 3 months of shoul-

der stabilization by the Latarjet technique]. Ann Readapt Med Phys.

2007;50(4):201-208.

6. Dodson CC, Cordasco FA. Anterior glenohumeral joint dislocations.

Orthop Clin North Am. 2008;39(4):507-518, vii.

7. Edouard P, Degache F, Beguin L, et al. Rotator cuff strength in recur-

rent anterior shoulder instability. J Bone Joint Surg Am. 2011;93(8):

759-765.

8. Edouard P, Frize N, Calmels P, Samozino P, Garet M, Degache F.

Influence of rugby practice on shoulder internal and external rotators

strength. Int J Sports Med. 2009;30(12):863-867.

9. Edouard P, Samozino P, Julia M, et al. Reliability of isokinetic assess-

ment of shoulder-rotator strength: a systematic review of the effect of

position. J Sport Rehabil. 2011;20(3):367-383.

10. Ellenbecker TS, Davies GJ. The application of isokinetics in testing

and rehabilitation of the shoulder complex. J Athl Train. 2000;35(3):

338-350.

11. Gates DH, Dingwell JB. Muscle fatigue does not lead to increased

instability of upper extremity repetitive movements. J Biomech. 2010;

43(5):913-919.

12. Hiemstra LA, Sasyniuk TM, Mohtadi NG, Fick GH. Shoulder strength

after open versus arthroscopic stabilization. Am J Sports Med. 2008;

36(5):861-867.

13. Howell SM, Galinat BJ, Renzi AJ, Marone PJ. Normal and abnormal

mechanics of the glenohumeral joint in the horizontal plane. J Bone

Joint Surg Am. 1988;70(2):227-232.

14. Jan J, Benkalfate T, Rochcongar P. The impact of recurrent disloca-

tion on shoulder rotator muscle balance (a prospective study of 102

male patients). Ann Phys Rehabil Med. 2012;55(6):404-414.

15. Kvitne RS, Jobe FW. The diagnosis and treatment of anterior insta-

bility in the throwing athlete. Clin Orthop Relat Res. 1993;291:

107-123.

16. Lee SB, Kim KJ, O’Driscoll SW, Morrey BF, An KN. Dynamic gleno-

humeral stability provided by the rotator cuff muscles in the mid-range

and end-range of motion: a study in cadavera. J Bone Joint Surg Am.

2000;82(6):849-857.

17. Lee SH, Joo MS, Lim KH, Kim JW. Arthroscopic treatment of a type II

superior labrum anterior to posterior (SLAP) lesion combined with a

Bankart lesion: comparative study between debridement and repair

of type II SLAP lesion by the status of lesion. Clin Shoulder Elbow.

2018;21(1):37-41.

18. Lin HT, Ko HT, Lee KC, Chen YC, Wang DC. The changes in shoulder

rotation strength ratio for various shoulder positions and speeds in the

scapular plane between baseball players and non-players. J Phys

Ther Sci. 2015;27(5):1559-1563.

19. Lippitt SB, Vanderhooft JE, Harris SL, Sidles JA, Harryman DT 2nd,

Matsen FA 3rd. Glenohumeral stability from concavity-compression:

a quantitative analysis. J Shoulder Elbow Surg. 1993;2(1):27-35.

20. Oh JH, Lee HK, Kim JY, Kim SH, Gong HS. Clinical and radiologic

outcomes of arthroscopic glenoid labrum repair with the BioKnotless

suture anchor. Am J Sports Med. 2009;37(12):2340-2348.

21. Oh JH, Yoon JP, Kim JY, Oh CH. Isokinetic muscle performance test

can predict the status of rotator cuff muscle. Clin Orthop Relat Res.

2010;468(6):1506-1513.

22. Park I, Lee JH, Hyun HS, Lee TK, Shin SJ. Minimal clinically important

differences in Rowe and Western Ontario Shoulder Instability Index

scores after arthroscopic repair of anterior shoulder instability.

J Shoulder Elbow Surg. 2018;27(4):579-584.

23. Park I, Oh MJ, Shin SJ. Minimal clinically important differences

and correlating factors for the Rowe score and the American Shoul-

der and Elbow Surgeons score after arthroscopic stabilization

surgery for anterior shoulder instability. Arthroscopy. 2019;35(1):

54-59.

24. Rokito AS, Birdzell MG, Cuomo F, Di Paola MJ, Zuckerman JD.

Recovery of shoulder strength and proprioception after open surgery

for recurrent anterior instability: a comparison of two surgical techni-

ques. J Shoulder Elbow Surg. 2010;19(4):564-569.

25. Scheibel M, Tsynman A, Magosch P, Schroeder RJ, Habermeyer P.

Postoperative subscapularis muscle insufficiency after primary and

revision open shoulder stabilization. Am J Sports Med. 2006;34(10):

1586-1593.

26. Stickley CD, Hetzler RK, Freemyer BG, Kimura IF. Isokinetic peak

torque ratios and shoulder injury history in adolescent female volley-

ball athletes. J Athl Train. 2008;43(6):571-577.

27. Warner JJ, Micheli LJ, Arslanian LE, Kennedy J, Kennedy R. Patterns

of flexibility, laxity, and strength in normal shoulders and shoulders

with instability and impingement. Am J Sports Med. 1990;18(4):

366-375.

28. Yen D. Limitations of isokinetic testing to determine shoulder strength

after rotator cuff repair. Iowa Orthop J. 2005;25:141-144.

8 Rhee et al The Orthopaedic Journal of Sports Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


