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Surgical stabilization is considered the standard treatment
for patients with recurrent traumatic anterior shoulder
instability and can be performed with either an open incision
or an arthroscopic approach. Meta-analyses and systematic
reviews of the literature have suggested that the open tech-
nique is superior to the arthroscopic with regard to prevent-
ing redislocations8,15,18,21,26 and return to activity.18,21,26 These
reviews, however, also report a greater loss of external rota-
tion (ER) with the open procedure than arthroscopically.8,26

These results must be seen in the light of improved tech-
niques of arthroscopic repairs, including the introduction of
suture anchors, improved suture strength, and the addition of
capsular plication sutures.6 Recent studies have shown that
newer arthroscopic techniques have redislocation rates approach-
ing those reported for the open procedure.3,6,17 Theoretical and
real advantages of the arthroscopic repair include improved
cosmesis, reduced pain, improved range of motion (ROM),
decreased operative time, and preservation of the subscapu-
laris tendon.1,10 It is the violation of the subscapularis tendon
during the open approach that has become the key difference
between the 2 techniques. Dysfunction of the subscapularis
muscle and rerupture after open stabilization have been
reported in the literature.11,24 Disruption of the subscapularis
could also lead to weakness of internal rotation (IR) of the
shoulder and overall rotator cuff strength.25 The identification
of strength deficits between these techniques is necessary to
assist in surgical decision making and to improve postopera-
tive rehabilitation protocols.
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Background: With current techniques, the main difference between arthroscopic and open shoulder stabilization is the violation of
the subscapularis tendon. No studies have looked at strength differences of internal and external rotation between these groups.

Hypothesis: Internal rotation strength deficits will exist in patients having undergone an open shoulder stabilization procedure
compared with an arthroscopic one.

Study Design: Piggy-back randomized controlled trial; Level of evidence, 1.

Methods: Forty-eight patients (38 men, 10 women), average age, 30.6 years (range, 18-59 years), were randomized to either
open (n = 24) or arthroscopic (n = 24) shoulder stabilization. Rehabilitation protocols were standardized. At a mean follow-up of
19.4 months (range, 12-36 months) from surgery, patients underwent isokinetic strength testing (concentric and eccentric peak
moments at 60 deg/s and 180 deg/s). Measurements were body-mass normalized. Primary outcome was internal rotation
strength at 60 deg/s.

Results: There were no significant differences between groups with respect to age, gender, or operative limb. There were no sta-
tistical differences between operative groups for the primary outcome of internal concentric strength at 60 deg/s (mean differ-
ence, 0.011 N.m/kg; 95% confidence interval, –0.043 to 0.066; P = .677) or secondary strength measures. When compared with
the contralateral limb, strength deficits existed for both surgical groups for both internal and external rotation. Regression analy-
sis demonstrated that arm dominance is a factor in strength deficits.

Conclusion: The results of this trial suggest there are no side-to-side isokinetic strength deficits between patients having an open
stabilization using a subscapularis splitting approach versus arthroscopic stabilization for anterior traumatic shoulder instability at
1 year after surgery. Strength deficits exist in both groups when compared with the contralateral limb.
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To the authors’ knowledge, there are no studies in the pub-
lished literature that directly compare strength outcomes in
patients receiving an open versus an arthroscopic anterior
stabilization procedure for traumatic recurrent anterior
instability of the shoulder. There are, however, noncompara-
tive studies that examine postoperative isokinetic strength.
Four studies were identified that evaluated isokinetic
strength outcomes after arthroscopic stabilization.9,12,13,22

Three of these studies demonstrated IR and ER strength
deficits in the operated limb when compared with the con-
tralateral limb,12,13,22 and 1 study showed no strength
deficits.9 Two noncomparative studies of isokinetic strength
after open stabilization were found,20,23 both of which demon-
strated no strength deficit compared with the contralateral
limb. Comparison of these studies is difficult because of the
small sample size, the variations in surgical techniques, and
the variations in the strength testing protocols.

The purpose of the current trial was to determine
whether differences exist in IR and ER isokinetic shoulder
strength between patients having an open versus an
arthroscopic stabilization procedure for recurrent trau-
matic anterior shoulder instability.

METHODS

This study was a piggyback randomized clinical trial.
Patients were drawn from an existing randomized trial
assessing disease-specific quality of life in patients who
had been randomized to receive either an open or arthro-
scopic stabilization procedure for recurrent anterior shoul-
der instability (Clinical Trials Registration Number
NCT00251264). Patients meeting the current study’s inclu-
sion criteria were contacted by one or a combination of mail,
telephone, or e-mail in a consecutive fashion and invited to
participate in the current trial. Recruitment for the current
trial was terminated when strength tests were completed on
the calculated sample size of 48 patients (24 patients having
an arthroscopic procedure and 24 having an open procedure).
A Consolidated Standards of Reporting Trials (CONSORT)
diagram (Figure 1) outlines the flow of patients throughout
the course of the study. Ethical approval was obtained (sepa-
rate from the original study) from the University of Calgary
Conjoint Health Research Ethics Board.

Inclusion criteria for this trial included patients who
underwent randomization in the larger trial and were a
minimum 1-year postoperative, 18 years of age or older,
had no reported postoperative dislocation or subluxation of
the surgical shoulder, a normal contralateral shoulder, no
contraindications to isokinetic shoulder testing, no third-
party claims, and an ROM in their operative shoulder suf-
ficient to complete strength testing. Patients having a
painful surgical shoulder (pain greater than 3 out of 10 on
a pain scale) or symptoms of instability in their operative
shoulder were not eligible.

All surgeons involved in the study were fellowship
trained; 2 surgeons performed the open repairs, and 2 per-
formed the arthroscopic repairs. The open procedure was
performed using a 5-cm standard deltopectoral incision.
The conjoined tendon was identified and then retracted

medially. The underlying subscapularis tendon was then
identified and incised horizontally. The shoulder capsule
was entered by performing a T-shaped arthrotomy, and
retractors were placed to allow for full exposure of the gle-
noid. With the approach complete, the shoulder injury was
addressed with suture anchor repair of any capsulolabral
detachment, that is, Bankart lesion, and a capsular plication
for repair of any existing capsular redundancy. A standard
deep and superficial soft-tissue closure was performed, a
sterile dressing was placed over the wound, and the operated
shoulder was placed in a shoulder immobilizer.

The arthroscopic procedure was performed through a
standard posterior arthroscopy viewing portal. A diagnos-
tic arthroscopy was performed, and the intra-articular
lesions were identified and documented. Any labral
detachment, that is, Bankart lesion, was repaired using
suture anchor fixation and arthroscopic tying techniques.
Capsular redundancy was addressed with suture plication
of the redundant capsule. A sterile dressing was applied
over the wound and the operated shoulder placed in a
shoulder immobilizer.

Follow-up visits and rehabilitation protocols were iden-
tical for both surgical groups. Patients were allowed to see
the physiotherapist of their choice. The rehabilitation pro-
tocol was a guideline, and the patients/therapists were per-
mitted to modify the program based on the patient’s
progress. In the operating room, patients’ shoulders were
placed in a shoulder immobilizer that was worn for 2 to 4
weeks. At 2 weeks, passive- and active-assisted ROM exer-
cises were allowed for elevation and ER to neutral. At 6
weeks, active shoulder exercises in all planes of motion
were allowed with progression to strengthening exercises
when tolerated. Each patient was encouraged to individu-
alize modifications to his or her program depending on the
extent of the original injury, type of surgery performed,
level of pain, degree of stiffness, and strength. Return to
sport was allowed on completion of the program and at
least 4 months after surgery. Return to sport was depend-
ent on their progress but was generally allowed by 4
months. Compliance to the rehabilitation protocol and
patient attendance (at physiotherapy) were not recorded.

Testing Instrument

A standardized testing protocol using the Biodex System
3 isokinetic dynamometer (Biodex Medical Systems,
Shirley, NY) was employed by a research coordinator who
was blinded to treatment allocation (open vs arthro-
scopic). Patients were seated with their feet on a footrest,
their trunk firmly against a backrest, and were stabilized
with 3 straps (2 across the chest and 1 across the pelvis).
The shoulder was positioned in 90° of abduction and the
elbow at 90° of flexion. The level on the dynamometer was
used to ensure the forearm was parallel to the floor, estab-
lishing a measurable and reproducible arm position. The
elbow and forearm were supported in a cuff attachment
and secured with a Velcro® strap for further stabilization.
There was a handle at the end of the attachment that the
patient grasped during the testing. The axis of rotation of
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the dynamometer was aligned with the shoulder joint
along the longitudinal axis of the humerus through the
olecranon. The seat and subject were rotated 30° toward
the testing arm so that measurements were performed in
the scapular plane. From this position, external and inter-
nal testing ranges were set so that the shoulder would
move through a 90° ROM: –40° of IR to 50° of ER.

Testing included a brief information session followed by
a 5-minute warm-up on an upper body ergometer and light
stretching. The nonoperative limb and slower angular
velocity were tested first in all patients. Participants per-
formed 2 submaximal repetitions on the dynamometer to
become familiar with the testing procedure. A 1-minute
rest was employed before full testing.

CONSENTED

(n = 48)

 

 

Open: n = 24 

Enrollment  

 

Eligible (n = 106)

Not Eligible: n = 38
Failed index procedure; surgery on other
shoulder/arm; not yet 1 year postoperative.
*groups not reported as surgical results
cannot be revealed until main study is
complete. Male = 33 / Female = 5

Eligibility - Assessed for Eligibility (n = 144) 

 

Contact Made (n = 77) 

Unable to Contact: n = 29
Includes: mail, telephone and e-mail attempts.
Mail – return to sender; telephone – wrong
number; e-mail – bounced back to sender.
Open = 18 / Arthro = 11
Male = 22 / Female = 7 

 

Declined: n = 8

Open = 3/Arthro = 5
Male = 7/Female = 1 

 

 

Moved: n = 12

Open = 7/Arthro = 5
Male =11/Female= 1

 
 

 

Contact then
LTF: n = 9

Open = 3/Arthro = 6
Male = 9/Female = 0
 

 

 

STRENGTH  TESTED
(n = 48) 

 

 

Analysis 

 

Arthroscopic: n = 24 

Figure 1. Flow diagram of patients. LTF, Lost to follow-up.
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Strength Testing

Isokinetic concentric and eccentric peak strength tests
were performed at angular velocities of 60 deg/s and 180
deg/s for both IR and ER of the shoulder. Three maximum
repetitions were performed at each angular velocity with a
1-minute rest between velocities. The average peak
moment was calculated as the average of the 3 repetitions.

Outcome Measures

Strength outcomes were calculated for angular velocities of
60 deg/s and 180 deg/s, for concentric and eccentric con-
tractions, and for internal and external shoulder rotations.
For each subject, the average peak moment from the 3
trials at each angular velocity was calculated. Strength
deficits were calculated as the average peak moment for
nonoperative contralateral limb minus operative limb.
Percentage strength deficits were calculated as the difference
between limbs (contralateral nonoperative minus opera-
tive) divided by the contralateral limb. All measurements
were body-mass normalized and reported in Newton
meters per kilogram (N.m/kg).4,7,14,16,27,28

The primary outcome was isokinetic internal concentric
contraction shoulder rotation strength at 60 deg/s. The
major difference between the arthroscopic and open proce-
dure is the disruption of the subscapularis tendon with an
open repair. The subscapularis muscle functions as an
internal rotator of the shoulder; therefore, IR was selected
as the primary motion of interest. An angular velocity of 60
deg/s was selected as the primary angular velocity because
velocities greater than 180 deg/s have been reported as
having only fair reproducibility,5 and slower speeds are
considered to be more representative of functional tasks.19

A 1-sided sample size calculation was performed using
strength deficit estimates obtained from pilot testing, with
an α of .05 and a β of .8 resulting in the need for 24 patients
per group.

Secondary outcome measures included the American
Shoulder and Elbow Surgeon (ASES) score and ROM data,
which were recorded at baseline and at 1 year.

Statistical Considerations

Data were entered into Microsoft Excel (Microsoft Corp,
Redmond, Wash) and imported into SPSS Version 14.0
(SPSS Inc, Chicago, Ill). An unpaired t test was performed
for the primary outcome with significance set at P < .05.
Confidence intervals (CIs) were calculated for all secondary
measures. Regressions were performed in Stata Version
9.0. (Stata, College Station, Tex) on an exploratory basis for
age, gender, and arm dominance.

RESULTS

Demographics and Baseline Characteristics

Forty-eight patients (38 men, 10 women) with an average
age of 30.6 years (range, 18-59 years) consented to participate
in the study. Demographic data are presented in Table 1. The

2 groups were similar in age, mass, gender, and time from
surgery to strength testing. With respect to which arm was
operated on (dominant vs nondominant), 58.3% of patients
in the open group had surgery on their dominant arm com-
pared with only 25% in the arthroscopic group. Baseline
ASES scores were similar between the 2 groups (Table 1).

Primary Outcome (Concentric Internal
Rotation at Strength 60 deg/s)

No statistical differences were detected between operative
groups for concentric IR strength at 60 deg/s (P = .677; dif-
ference = 0.011 N.m/kg; 95% CI, –0.043 to 0.066) (Table 2).
Two outliers were identified in the open group; both
patients were men who had surgery on their nondominant
arm with body masses of 72 kg and 101 kg. One patient
indicated he was having trouble contracting the muscles in
his operative arm during both concentric and eccentric
testing at 60 deg/s but did not report any episodes of insta-
bility. When data for the outliers were removed from
the dataset, the P value remained relatively unchanged
(P = .691; 95% CI, –0.058 to 0.039).

Secondary Outcomes

Group means, the differences between groups, and CIs for
all secondary strength outcomes are presented in Table 2.
Internal rotation strengths for both groups are similar with the
exception of 180 deg/s concentric contraction. At 180 deg/s,

TABLE 1
Demographic Characteristics for the Open and

Arthroscopic Surgical Groups

Arthroscopic
Characteristic Open Group Group

Gender
Men, n 18 20
Women, n 6 4

Mean age, y (SD) 30.8 (10.2) 30.4 (10.7)
Median body mass, kg 79.0b 80.9c

Mean surgery to test date, 20.5 (7.8) 18.2 (8.9)
mo (SD)

Dominant arm as operative 14 (58.3) 6 (25)
arm, n (%)

Baseline ASESa score (SD) 78.1 (15.6) 71.0 (19.3)
External rotation at side, deg (SD)

Operative 60.7 (16.7) 56.1 (19.1)
Nonoperative 63.8 (18.5) 62.6 (17.1)

External rotation in
abduction, deg (SD)
Operative 84.3 (15.3) 85 (11.2)
Nonoperative 96.0 (14.6) 94.0 (9.6)

aASES, American Shoulder and Elbow Surgeon score; SD, stan-
dard deviation.

b25th percentile, 71.2; 75th percentile, 92.5.
c25th percentile, 74.0; 75th percentile, 90.2.
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the arthroscopic group mean was negative, indicating the
operative arm was stronger than the nonoperative arm,
resulting in a comparatively large difference of 0.05 N.m/kg.

Mean ER strength values suggest that strength deficits
exist in the operative arm when compared with the con-
tralateral nonoperative limb. The nonoperative arm was
stronger than the operative arm across almost all measures.
This is true even for the open stabilization group in whom
60% of the subjects had their surgery on their dominant limb.
Eccentric ER strength at 180 deg/s produced the largest dif-
ference between groups (0.047 N·m/kg) (Table 2).

Strength deficits expressed as a percentage of the non-
surgical limb are presented in Table 3. For IR, both groups
demonstrated strength deficits ranging from –6.9% to
10.4%. Although large standard deviations exist in these
groups, the overall trend is showing consistent strength
deficits across angular velocities and contraction types.
External rotation testing shows consistent strength

deficits in the operative limb in both surgical groups, rang-
ing from 3.1% to 20.6%.

There was no evidence to suggest a difference between
groups in mean ASES scores at 1 year after surgery: open =
93.3 (SD, 9.67); arthroscopic = 92.1 (SD, 11.6); difference = 1.2;
95% CI, –5.14 to 7.40. Range of motion at 1 year after surgery
showed similar results for both the open (IR = 66.1 [SD, 18.1];
ER at side = 43.5 [SD, 14.6]; ER in abduction = 91.5 [SD, 8.9])
and arthroscopic groups (IR = 71.5 [SD, 19.6]; ER at side = 46.3
[SD, 14.1]; and ER in abduction = 88.2 [SD, 17.6]).

Exploratory

Linear regression analyses revealed that surgery on a
patient’s nondominant arm is predictive of strength deficit
(Table 4). The strength deficits were greater if the non-
dominant arm was the operative arm, regardless of sur-
gery type (open or arthroscopic).

TABLE 2
Mean Strength Deficit (Nonoperative Minus Operative Limb) and Confidence

Intervals for Peak Moment Strength Deficitsa

Open Procedure,b Arthroscopic Procedure,b Between Group
Internal Shoulder Rotation Mean Deficit (SD) Mean Deficit (SD) Differencec (95% CI)

60 deg/s concentricd 0.065 (0.09) 0.054 (0.09) 0.011 (–0.043 to 0.066)
180 deg/s concentric 0.024 (0.11) –0.030 (0.09) 0.054 (–0.003 to 0.112)
60 deg/s eccentric 0.083 (0.12) 0.063 (0.17) 0.020 (–0.067 to 0.106)
180 deg/s eccentric 0.064 (0.13) 0.066 (0.16) –0.002 (–0.085 to 0.081)

Open Procedure,b Arthroscopic Procedure,b Between Group
External Shoulder Rotation Mean Deficit (SD) Mean Deficit (SD) Differencec (95% CI)

60 deg/s concentric 0.068 (0.11) 0.088 (0.06) –0.020 (–0.075 to 0.034)
180 deg/s concentric 0.040 (0.08) 0.039 (0.06) 0.001 (–0.040 to 0.043)
60 deg/s eccentric 0.064 (0.09) 0.049 (0.09) 0.015 (–0.038 to 0.067)
180 deg/s eccentric 0.022 (0.10) 0.069 (0.06) –0.047 (–0.098 to 0.003)

aValues are reported as N.m/kg. CI, confidence interval; SD, standard deviation.
bA negative value in either the open or arthroscopic column implies the operative arm was stronger than the nonoperative arm.
cThe mean difference was calculated as open minus arthroscopic.
dPrimary outcome measure.

TABLE 3
Internal and External Rotation Strength Deficits Expressed as a Percentagea

Internal Shoulder Rotation Open Group, % Strength Deficit Mean (SD) Arthroscopic Group, % Strength Deficit Mean (SD)

60 deg/s concentric 10.1% (14.5) 7.4% (12.0)
180 deg/s concentric 2.9% (17.9) –6.9%b (15.7)
60 deg/s eccentric 10.4% (13.9) 6.1% (23.4)
180 deg/s eccentric 7.3% (15.1) 8.0% (19.5)

External Shoulder Rotation Open Group, % Strength Deficit Mean (SD) Arthroscopic Group, % Strength Deficit Mean (SD)

60 deg/s concentric 17.0% (27.6) 20.6% (16.4)
180 deg/s concentric 12.3% (24.7) 9.4% (19.4)
60 deg/s eccentric 12.5% (17.9) 10.3% (18.2)
180 deg/s eccentric 3.1% (21.6) 11.9% (11.8)

aDifference between limbs (uninjured minus operative) divided by the uninjured limb × 100. SD, standard deviation.
bA negative percentage deficit demonstrates a relative strength gain; the operative limb is stronger than the nonoperative control limb.
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DISCUSSION

The current standard of care for recurrent anterior shoul-
der dislocation is surgical stabilization using either an
arthroscopic or open technique. Comparison of these tech-
niques has generally used redislocation rates as the pri-
mary outcome measure without a detailed examination of
strength.

The results of this clinical trial demonstrated no signifi-
cant isokinetic strength deficits when directly comparing the
operative arms of patients undergoing an arthroscopic ver-
sus open surgical stabilization. Our study demonstrated both
IR and ER strength deficits after open (IR = 2.9% to 10.4%;
ER = 3.1% to 17%) and arthroscopic procedures (IR = –6.9%
to 8.0%; ER = 9.4% to 20.6%). Interestingly, the ER deficits
were larger than the IR deficits (in both groups). This sug-
gests that, in this patient population using the described
open surgical technique, violation of the subscapularis does
not conclusively result in an IR strength deficit. Instead,
patients in both groups exhibit both IR and ER deficits,
which are consistent with either the inability of the shoulder
joint to achieve strength in the operative limb equal to the
contralateral limb after these procedures or under-rehabili-
tation of the shoulder.

If directed rehabilitation protocols are unable to correct
this deficit, an ER strength deficit could theoretically func-
tion as a protective mechanism against future dislocations.
Under-rehabilitation could include any or all of the follow-
ing: incomplete rehabilitation, program deficient in exer-
cises for the internal and external rotators, lack of
inclusion of scapular stabilization exercises in rehabilita-
tion, or lack of continued conditioning after initial postop-
erative rehabilitation since surgery. Although the
rehabilitation component of our study was generalizable
(closely represents what happens in real practice), it does
not permit us to make conclusions regarding its effects on
the results. However, similar ASES scores suggest the
groups had equal rehabilitation as they regained equal
function. The relationship between strength and function
is not fully understood; this is an important area of future
research in this population. In order to further elucidate
the cause of the strength deficits, we must determine if the
identified strength deficits can be eliminated with a
focused and aggressive rehabilitation protocol.

Although no difference in IR strength was found
between the 2 groups, several issues must be taken into
account when examining the data. The open Bankart
repair group was repaired using a subscapularis split sur-
gical approach as opposed to the historical standard of
detaching the subscapularis tendon.2 This has been the

evolution of this surgical technique at our institution and
highlights the fact that both the arthroscopic and open
techniques are continuing to evolve. This may account for
the lack of strength deficit demonstrated in the open
group, and thus the possibility of strength deficits in an
open group with detachment of the subscapularis tendon is
still in question. Future investigations, including an open
repair group with detachment of the subscapularis tendon,
would further delineate this issue.

Patients in this study were drawn from a population par-
ticipating in a larger randomized trial. To reduce the poten-
tial for selection bias, eligible patients were contacted in a
consecutive fashion by 1 individual using a standardized
protocol. The distribution of characteristics such as surgical
(treatment) group and gender for patients who declined,
moved, or were lost to follow-up is similar to those patients
who responded and participated in the study. Therefore, the
authors suggest that the magnitude of distortion introduced
by any potential bias would be negligible.

The issue of arm dominance could also play a role in our
results. The exploratory regression analysis demonstrated
that the strength deficits were less if the dominant arm
was the surgical limb than if the nondominant arm was
the surgical limb. The current study results could be
skewed because the open surgical group had more patients
who had surgery on their dominant arm (and thus less
strength deficits) than the arthroscopic group. Unfortunately,
there are no baseline data to explain the relationship
between arm dominance and strength before surgery. This
study provides evidence that arm dominance is a variable
to consider in future clinical trials.

The strengths of this study include the randomized
design with a well-recognized, objective outcome measure
of isokinetic strength. The isokinetic strength testing fol-
lowed a standardized, pilot-tested protocol performed by 1
individual blinded to treatment allocation. It is the first
study to directly compare strength outcomes between the
open and arthroscopic surgery types. We attempted to per-
form comprehensive strength testing, including both con-
centric and eccentric contractions, with 2 angular
velocities. Testing was performed in a functional position:
the scapular plane and at 30° of flexion.

In conclusion, there is no evidence of a difference in
1-year postoperative shoulder strength between patients
having an arthroscopic versus an open subscapularis split
shoulder stabilization procedure. Further study is required
to determine if detachment of the subscapularis tendon
yields increased IR strength deficits and, secondly, to eval-
uate the effect of different rehabilitation programs on post-
operative strength.

TABLE 4
Linear Regression Analysis of Strength Deficit

Predictor Coefficient, N.m/kg Standard Error Statistic, t P Value

Dominant arm is operative arm –0.09096 0.03760 –2.42 .020
Constant 0.12573 0.02427 5.18 <.001
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