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Background: Physical therapy (PT) is often prescribed for patients with rotator cuff tears. The extent to which PT influences
strength, range of motion (ROM), and patient-reported outcomes has been studied extensively, but the effect of PT on in vivo joint
kinematics is not well understood.

Purpose: To assess the influence of symptomatic rotator cuff pathology and the effects of PT on shoulder motion, strength, and
patient-reported outcomes.

Study Design: Controlled laboratory study.

Methods: Twenty-five patients with a symptomatic rotator cuff tear and 25 age-matched asymptomatic control subjects were
recruited. Shoulder motion was measured using a biplane radiography imaging system, strength was assessed with a Biodex
dynamometer, and patient-reported outcomes were assessed using the Western Ontario Rotator Cuff Index and visual analog
scale (VAS) pain scores. Data were acquired from the patients before and after 8 weeks of physical therapy. Data were acquired at
1 time point for the control subjects.

Results: Compared with the control subjects, patients with a symptomatic rotator cuff tear had significantly worse pain/function
scores (P < .01); less ROM (P < .01); lower abduction (ABD), external rotation (ER), and internal rotation (IR) strength (P < .01); less
scapulothoracic posterior tilt (P¼ .05); and lower glenohumeral joint elevation (P < .01). Physical therapy resulted in improved pain/
function scores (P < .01), increased ROM (P < .02), increased scapulothoracic posterior tilt (P ¼ .05), increased glenohumeral joint
elevation (P ¼ .01), and decreased acromiohumeral distance (AHD) (P ¼ .02).

Conclusion: Compared with age-matched controls, patients had worse pain/function scores, less ROM, and lower ABD, ER, and
IR strength. Patients also had less scapulothoracic anteroposterior tilt, less glenohumeral joint elevation, and an altered gleno-
humeral joint contact path. PT resulted in improved pain/function scores, increased ROM, greater posterior scapulothoracic tilt,
increased glenohumeral joint elevation, an increased range of superoinferior joint contact, and a lower mean AHD. Of these dif-
ferences, PT only returned scapulothoracic tilt to control levels.

Clinical Relevance: This study documents the effects of PT on shoulder motion and conventional clinical outcomes. It is expected
that understanding how changes in joint motion are associated with conventional clinical outcomes will lead to improved non-
operative interventions for patients with rotator cuff tears.
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Rotator cuff tears are common, affecting about 40%
(or more) of individuals older than 60 years26,41,55 and
accounting for an economic burden of $3 to $5 billion per

year in the United States alone.50,54 Many interventions
have been described for managing rotator cuff tears, but
current clinical practice guidelines support physical ther-
apy (PT) as the first option and surgical repair later if
shoulder pain and dysfunction persist, even though evi-
dence does not yet exist to unequivocally support the use
of a specific PT protocol or surgical technique.1,6,17,44,48
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Previous research has investigated how PT affects conven-
tional clinical outcomes, specifically, patient-reported out-
comes29,47 and strength.18,35,46 Other recent research has
investigated the effects of arm positioning on acromiohum-
eral distance (AHD),20,21,49 but little is reported on the
effects of PT on AHD. For patients suffering with a rotator
cuff tear, PT is based on the premise that restoring joint
motion is one of many important factors that likely contrib-
ute to a satisfactory clinical outcome. However, there is
mixed evidence regarding the efficacy of PT programs to
have an appreciable impact on shoulder motion.33 For exam-
ple, Camargo et al14 used electromagnetic sensors to evalu-
ate the effects of a 4-week exercise program in patients with
impingement syndrome. The study reported significant dif-
ferences in scapular kinematics, but these changes in scap-
ular motion were small (1�-3�) and not considered clinically
meaningful.14 In contrast, previous studies have evaluated
the effects of exercise programs in swimmers19 and patients
with impingement39 but have failed to detect significant dif-
ferences in shoulder kinematics. There is some evidence that
patients with impingement or shoulder pain have altered
scapulothoracic and/or glenohumeral joint (GHJ) motion
when compared with healthy subjects,30,31,34 but these dif-
ferences also tend to be subtle (eg, differences in scapular
upward rotation of up to 7�30). Taken together, these studies
suggest that alterations in shoulder motion due to pathology
or treatment are likely small and may be difficult to detect in
a reasonable sample size when using a motion capture sys-
tem that relies on skin-mounted markers or sensors. Conse-
quently, the effects of rotator cuff pathology and PT on
shoulder motion are still not fully understood.

The objectives of this study were to assess the influ-
ence of symptomatic rotator cuff pathology and the
effects of PT on shoulder motion, strength, and patient-
reported outcomes. We hypothesized that patients with a
symptomatic rotator cuff tear would have a smaller
AHD, altered scapulothoracic motion, lower range of
motion (ROM), altered GHJ motion, and lower strength
when compared with age-matched control subjects. We
also hypothesized that PT would result in significant
improvements in AHD, scapulothoracic motion, ROM,
strength, and patient-reported outcomes.

METHODS

Subjects

After institutional approval and informed consent, 2 subject
populations were recruited for this study. The patient popu-
lation consisted of 25 patients (mean age, 60.2 ± 8.4 years;

range, 48-79 years; 7 males, 18 females) who had been diag-
nosed by an orthopaedic surgeon with a chronic (symptoms
>6 months), small (<3 cm in greatest diameter) rotator cuff
tear that had been documented using either magnetic res-
onance imaging (MRI) or ultrasound; 21 tears were docu-
mented with ultrasound and 4 were documented with MRI.
All imaging was interpreted by a musculoskeletal radiolo-
gist. Potential study participants were excluded if they had
any other injury or disease that may have interfered with
shoulder function, had an outstanding workers’ compensa-
tion claim, or had been treated previously for their rotator
cuff tear. Patients were recruited over 17 months from the
Department of Orthopaedic Surgery at Henry Ford Health
System. Twenty of 25 patients presented with tears in their
dominant shoulder. For comparison, a control population
was recruited that consisted of 25 age-matched volunteers
(mean age, 59.0 ± 5.5 years; range, 51-74 years; 7 males, 18
females) who denied any history of shoulder pain, injury, or
surgery. A standard clinical ultrasound examination was
performed to document the condition of the rotator cuff in
the dominant shoulder of each control subject. Thirty
patients were initially recruited to participate in the study
but 5 dropped out. None of the control subjects dropped out
of the study.

Physical Therapy

Patients with a symptomatic rotator cuff tear were pre-
scribed a standardized PT protocol that was based on pre-
viously reported systemic reviews.15,16,24,28,45,53 The PT
protocol included supervised and home-based exercises
designed to improve ROM and strength. Supervised ther-
apy by 1 of 19 different physical therapists occurred approx-
imately 2 to 3 times per week for approximately 8 weeks.
Patients were instructed to perform ROM exercises daily
and rotator cuff strengthening and scapulothoracic retrain-
ing exercises 3 times per week. To enhance the uniformity
of PT, the physical therapist study coordinator (D.C.) com-
municated weekly with the therapists responsible for treat-
ing patients enrolled in the study. Electronic medical
records were reviewed to document each patient’s number
of supervised visits with a physical therapist.

Patient Testing

In vivo shoulder kinematics were measured using a biplane
radiography imaging system during frontal-plane abduc-
tion, starting with the subject’s arm at his or her side and
ending at approximately 120� of abduction. Testing was
performed on the symptomatic shoulder of the patients and
the dominant shoulder of the control subjects. Subjects
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were instructed to perform this motion in 2 seconds, and the
motion speed was guided by a metronome. Subjects per-
formed this shoulder motion while holding a 0.45-kg hand
weight. Three trials were acquired, with a minimum of
2 minutes between trials. Radiographic images of the
shoulder were acquired at 60 Hz with the biplane radio-
graphy system. A computed tomography (CT) scan of the
humerus, scapula, and upper thorax was also acquired
from each participant. The CT images were manually seg-
mented and reconstructed into 3-dimensional (3D) bone
models for the humerus, scapula, and ribs 3 and 4 (Mimics
13.1; Materialise). The 3D locations of anatomical land-
marks were identified and used to define anatomical coor-
dinate systems for the humerus, scapula, and thorax.7-10

Shoulder Motion

The 3D position and orientation of the humerus, scapula,
and ribs 3 and 4 were measured from the biplane radiogra-
phy images using model-based tracking, which has been
shown to be accurate to within ±0.4 mm and 0.5�.9,11 Using
these data, we measured conventional humerothoracic, gle-
nohumeral, and scapulothoracic kinematics.4,9 Scapu-
lothoracic and glenohumeral ranges of motion were
calculated from 20� to 105� of humerothoracic elevation.
In addition, GHJ contact patterns were estimated by com-
bining the joint motion data measured from biplane radio-
graphic images with the subject-specific bone models.8

Briefly, the GHJ contact center was estimated by calculat-
ing the centroid of the minimum distance between humerus
and glenoid bone model surfaces for each frame of data
and expressing the contact center position relative to the
glenoid. To account for differences in subject size, these
estimates of the GHJ contact center were normalized
relative to the glenoid height and width as determined
from the patient-specific bone models. Using these data,
we determined the mean anteroposterior (AP) contact cen-
ter and the average superoinferior (SI) contact center over
each trial. In addition, we calculated the AP contact center
range, the SI contact center range, and the contact center
path length over each trial.8,10 The technique for estimat-
ing GHJ contact patterns was also used to determine the
AHD. Specifically, we calculated the shortest distance
between the humeral and acromial surfaces for every
frame of data and then computed the mean distance
over the entire trial. The GHJ contact center data and
acromiohumeral data were determined from 20� to 70� of
glenohumeral elevation.

Clinical Outcomes

Isometric shoulder strength while seated was measured
using an isokinetic dynamometer (Biodex System 2) during
frontal-plane abduction (ABD) at 30� abduction, sagittal-
plane elevation (ELEV) at 30� of elevation, internal rota-
tion (IR) at 15� of frontal-plane abduction and 0� of humeral
rotation, and external rotation (ER) at 15� of frontal-plane
abduction and 0� of humeral rotation.10 Three trials were
acquired at each position, and both shoulders were tested.
To account for differences in strength among subjects,

strength of the involved shoulder was calculated as a per-
centage of the uninvolved shoulder. For control subjects,
the strength data were normalized by calculating dominant
shoulder strength as a percentage of nondominant shoulder
strength. Patient-reported outcomes were assessed using a
10-cm visual analog scale (VAS) for pain and the Western
Ontario Rotator Cuff Index (WORC). The VAS asked study
participants to rate their shoulder pain on the day of labo-
ratory testing. The WORC is a disease-specific quality-of-
life measurement tool that provides a cumulative score
based on the domains of physical symptoms, sport/recrea-
tion, work function, lifestyle function, and emotional func-
tion. The WORC has been shown to be a valid and reliable
measurement tool for patients with rotator cuff disease.27

Last, active range of motion (AROM) and passive range of
motion (PROM) while seated were manually measured
using a goniometer for frontal-plane ABD, sagittal-plane
ELEV, IR, and ER. The IR and ER measurements were
performed from a starting position of 90� of frontal plane
abduction and the forearm parallel to the ground. For the
AROM measurements, study participants were asked to
move their shoulders as far as possible unless limited by
pain. For the PROM measurements, study participants were
instructed to allow the examiner to move their shoulders as
far as possible unless limited by pain. ROM data were
acquired from the dominant shoulder of the control subjects.
Three ROM measurements were taken for each subject at
each testing time point. These clinical outcomes were
assessed by physician-trained laboratory personnel with
extensive experience in acquiring these outcome measures.

For the patients with a symptomatic rotator cuff tear,
all data were acquired prior to beginning PT and again
within 1 week on completion of approximately 8 weeks of
PT. Data from the control subjects were acquired at a single
time point.

Statistical Analysis

For all analyses, the data from all 3 trials were averaged.
Outliers were identified as any data that were ±2.5 stan-
dard deviations away from the mean and excluded from
analysis. Differences between the patients’ pre- and post-
PT measures of shoulder motion, strength, ROM, pain, and
WORC scores were assessed using paired t tests. Differ-
ences in shoulder motion, strength, and ROM between con-
trol subjects and patients both prior to PT and after PT
were assessed using unpaired t tests. Significance was set
at P � .05.

RESULTS

The patients’ mean age (60.2 ± 8.4 years; range, 48-79 years)
was not significantly different than that for the control sub-
jects (59.0 ± 5.5 years; range, 51-74 years; P ¼ .55). The
rotator cuff tear was in the dominant shoulder in 80%
(20 of 25) of patients. The patients completed a mean
9.8 ± 2.7 (range, 6-15) supervised PT sessions. The
mean treatment duration for physical therapy patients was
47.4 ± 19.4 days (range, 19-71 days).
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Ultrasound Imaging

Only 9 of 25 asymptomatic control subjects were identified
as having a normal, healthy rotator cuff. Tendinosis of the
rotator cuff in general or supraspinatus in particular was
noted in 15 control subjects, 4 control subjects were iden-
tified as having a partial-thickness rotator cuff tear, and 3
control subjects were identified as having a full-thickness
rotator cuff tear. These 3 rotator cuff tears were described
by the radiologist as a small- to moderate-sized mildly
retracted tear measuring 1.5 cm (AP), a small nondis-
placed tear measuring 0.6 cm (AP), and a 0.7-cm (AP) tear
with differential retraction of approximately 2.4 cm. The
symptomatic patients had a mean tear size of 1.4 cm
(range, 0.8-2.6 cm).

Patient-Reported Pain and Function

PT had a significant effect on pain, with the VAS
decreasing from 3.8 ± 2.7 (range, 0-9) before PT to
1.7 ± 2.1 (range, 0-7) after PT (P < .01). The patients’
composite WORC scores also improved significantly,
from 40.6 ± 22.7 (range, 6.1-85.3) before PT to 70.3 ±
26.7 (range, 15.7-99.7) after PT (P < .01). In addition,
the individual domains of the WORC score (physical
function, sports, work, lifestyle, and emotions) improved
significantly after PT (P < .01). Not surprisingly, the
control subjects’ WORC score (98.2 ± 2.8; range,
89.6-100) was significantly higher than that for patients
both before (P < .01) and after (P < .01) PT.

Range of Motion

PT had a significant effect on active ROM (Table 1 and
Figure 1). Specifically, there were statistically significant
increases in active ROM during ABD (P ¼ .01), ELEV
(P < .01), ER (P ¼ .02), and IR (P ¼ .03). Prior to PT, all
patients’ active ROM measures were significantly lower
than those for control subjects (P < .01) (Table 1 and
Figure 1). After PT, the patients’ active ROM remained
significantly lower than those for control subjects for ABD
(P ¼ .03), ELEV (P ¼ .05), and ER (P < .01).

PT also resulted in significant increases in passive ROM
(Table 1). Specifically, there were statistically significant
increases in passive ROM during ABD (P < .01), ELEV
(P ¼ .02), ER (P ¼ .01), and IR (P < .01). Prior to PT, all
of the patients’ passive ROM measures were significantly
lower than the control subjects’ (P < .01). After PT, the
patients’ passive ROM remained significantly lower than
the control subjects’ passive ROM for ABD (P ¼ .03), ER
(P < .01), and IR (P < .01), but no difference was detected
between the control subjects and patients in passive ROM
during ELEV (P ¼ .33).

Shoulder Strength

PT had no significant effect on normalized shoulder
strength (Table 1 and Figure 2). Compared with control
subjects, the patients’ normalized strength was signifi-
cantly lower both before and after PT for ABD, ER, and
IR (P < .01) (Table 1 and Figure 2). No significant

TABLE 1
Clinical Outcome Measuresa

Measure Control Pre Post

P Value

Pre vs
Control

Post vs
Control

Pre vs
Post

Age, y 59.0 ± 5.5 (51-74) 60.2 ± 8.4 (48-79) — .55 — —
Subjective pain and function

Pain VAS 0.0 ± 0.2 (0-1) 3.8 ± 2.7 (0-9) 1.7 ± 2.1 (0-7) <.01 <.01 <.01
WORC 98.2 ± 2.8 (89.6-100) 40.6 ± 22.7 (6.1-85.3) 70.3 ± 26.7 (15.7-99.7) <.01 <.01 <.01

Active ROM, deg
ABD 180 ± 0 (180-180) 131.5 ± 54.1 (25.7-180) 164.7 ± 31.6 (87.7-180.0) <.01 .03 .01
ELEV 180 ± 0 (180-180) 140.7 ± 50.2 (34.7-180) 169.4 ± 22.8 (101-180) <.01 .05 <.01
ER 102.0 ± 8.8 (85.3-120) 71.5 ± 25.4 (9.7-103) 86.2 ± 15.4 (58.3-116.3) <.01 <.01 .02
IR 64.7 ± 10.3 (47.3-95.7) 40.2 ± 24.1 (0-83.7) 55.4 ± 23.3 (13-85.7) <.01 .08 .03

Passive ROM, deg
ABD 180 ± 0 (180-180) 135.2 ± 52.2 (44.3-180) 164.3 ± 32.4 (83-180) <.01 .03 <.01
ELEV 180 ± 0 (180-180) 145.7 ± 48.5 (58.7-180) 176.8 ± 15.1 (109-180) <.01 .33 .02
ER 103.6 ± 7.8 (88.3-120) 74.3 ± 27.0 (9.3-128.3) 88.4 ± 16.0 (40-110.3) <.01 <.01 .01
IR 57.3 ± 10.3 (42.3-78) 34.3 ± 16.2 (10-66.3) 43.8 ± 15.6 (14.3-76.3) <.01 <.01 <.01

Normalized strength, %

ABD 96.8 ± 33.9 (36.1-172.5) 63.8 ± 41.0 (0-146.7) 59.7 ± 27.3 (9.0-120.8) <.01 <.01 .17
ELEV 82.9 ± 22.2 (32.9-122.1) 78.3 ± 46.0 (0-179.6) 58.9 ± 32.3 (5.4-127.3) .67 <.01 .11
ER 111.9 ± 16.3 (80.8-136.9) 69.3 ± 24.0 (20.2-114.7) 83.7 ± 27.7 (29.2-135.2) <.01 <.01 .09
IR 111.7 ± 20.7 (70.1-148.0) 78.3 ± 29.5 (15.6-144.6) 87.9 ± 26.1 (10-142.6) <.01 <.01 .33

aData are reported as mean ± SD (range). Boldfaced numbers indicate statistically significant difference (P � .05). ABD, coronal plane
abduction; ELEV, sagittal plane elevation; ER, external rotation; IR, internal rotation; post, post–physical therapy; pre, pre–physical therapy;
ROM, range of motion; VAS, visual analog scale; WORC, Western Ontario Rotator Cuff index.
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differences in ELEV strength were detected between con-
trol subjects and patients before PT (P ¼ .67), but after PT,
the patients’ ELEV strength was significantly lower than
that for control subjects (P < .01).

Scapulothoracic ROM

PT had a modest effect on joint ranges of motion during
shoulder elevation (Table 2 and Figure 3). The range of
scapulothoracic AP tilt increased from 20.0� ± 8.3� before
PT to 24.6� ± 4.2� after PT (P ¼ .05). The range of scapu-
lothoracic upward rotation from pre-PT (23.8� ± 12.3�) to
post-PT (27.4� ± 7.6�) time points was not found to be sta-
tistically significant (P ¼ .17). The range of scapulothoracic

internal/external rotation was also not found to be signifi-
cantly different between pre-PT (10.3� ± 7.2�) and post-PT
(9.8� ± 5.2�) time points (P ¼ .68). Prior to PT, patients had
significantly lower scapulothoracic AP tilt than control sub-
jects (P ¼ .05), but otherwise no statistically significant
differences in scapulothoracic ranges of motion were
detected between control subjects and patients (P > .33).

Glenohumeral ROM

PT resulted in increased glenohumeral ELEV range of
motion, increasing from 37.0� ± 17.9� before PT to 47.3� ±
9.2� after PT (P ¼ .01) (Table 2). However, these ranges of
motion were significantly lower than that for control sub-
jects before (P < .01) and after (P ¼ .01) PT.

Glenohumeral Joint Contact Patterns

The humerus’ path of contact on the glenoid moved primar-
ily in the SI direction during shoulder elevation for both
control subjects and patients (Figure 4). More specifically,
the joint contact center moved superiorly on the glenoid,
with increasing shoulder elevation in the control subjects.
However, for patients, the joint contact center moved infe-
riorly on the glenoid from approximately 20� to 50� of gle-
nohumeral elevation and then reversed direction and
moved superiorly on the glenoid. This pattern of joint con-
tact occurred at both the pre- and post-PT time points,
although the joint contact center moved more superiorly
on the glenoid after PT. No difference in mean SI joint
contact center was detected between control subjects and
patients before PT (P ¼ .16) or between controls and after
PT (P ¼ .10) (Figure 5).

PT did not significantly change the patients’ joint contact
path length (Table 2; P ¼ .10), and neither the pre- nor the
post-PT values of the path length were significantly differ-
ent than those of control subjects (P > .23). PT resulted in
an increase in the range of SI joint contact (P ¼ .01), but no
changes due to PT were detected in the range of AP joint
contact (P ¼ .48). No difference was detected between con-
trol subjects and patients (before and after PT) in terms of
the AP range of joint contact (P > .17) and the SI range of
joint contact (P > .39).

Acromiohumeral Distance

In control subjects and patients, the AHD was at its max-
imum at 20� of glenohumeral elevation and decreased to a
minimum at approximately 50� to 55� of glenohumeral ele-
vation (Figure 6). The mean AHD from 20� to 70� of gleno-
humeral elevation decreased from 4.1 ± 1.6 mm before PT to
3.8 ± 1.6 mm after PT (P ¼ .02). The decrease in AHD from
before to after PT was statistically significant at 25� of gle-
nohumeral elevation and again from 35� to 45� of gleno-
humeral elevation. The mean AHD from 20� to 70� of
glenohumeral elevation for the control subjects was 4.6 ±
1.2 mm. The control subjects’ AHD was significantly
greater than the patients’ pre- and post-PT AHD from 55�

to 70� of glenohumeral elevation (Figure 6).

Figure 1. Physical therapy (PT) resulted in a statistically
significant increase in active range of motion during coronal
plane abduction (ABD), sagittal plane elevation (ELEV),
external rotation (ER), and internal rotation (IR).

Figure 2. No statistically significant differences in normalized
shoulder strength were detected as a result of physical
therapy (PT). ABD, coronal plane abduction; ELEV, sagittal
plane elevation; ER, external rotation; IR, internal rotation.
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DISCUSSION

Compared with age-matched asymptomatic subjects, the
study indicated that patients with a symptomatic rotator
cuff tear had worse pain/function scores, less ROM, and
lower ABD, ER, and IR strength. These patients also had
less scapulothoracic AP tilt, less GHJ elevation, and an

altered GHJ contact path than control subjects. The study
also indicated that PT resulted in improved pain/function
scores and increased ROM. In addition, after PT, patients
had greater posterior scapulothoracic tilt, increased GHJ
elevation, an increased range of SI joint contact, and a
lower mean AHD.

There is ample evidence that PT has a positive effect on
clinical outcomes in patients suffering from rotator cuff
pathology, and the findings from the current study are con-
sistent with previous research. For example, Kuhn et al29

reported that approximately 6 weeks of PT resulted in sig-
nificant improvements in pain/function scores and shoulder
ROM. Significant improvements in patient-reported pain/
function scores and ROM after PT, either alone or in con-
junction with other modalities, have been reported in other
studies.2,5,32,39,40 The improvements in patient-reported
pain and function in this study are encouraging, since cur-
rent clinical practice guidelines support PT interventions
as the first option in managing rotator cuff tears. Specifi-
cally, the improvements in ROM due to PT generally
exceeded the minimal clinically important difference
(MCID) of 10� to 15� as reported by Muir et al,43 the
increase in WORC score of approximately 30 points
exceeded the MCID of 11.7,27 and the decrease of 2.1 points
for VAS pain exceeded the MCID of 1.4 as previously
reported.52 It was perhaps not surprising that no signifi-
cant differences in shoulder strength were detected in the
current study, as this finding is consistent with previous
research,3,51 and increasing shoulder strength was not the
sole objective of the exercises prescribed in the PT protocol.

TABLE 2
Joint Kinematic Measuresa

Measure Control Pre Post

P Value

Pre vs
Control

Post vs
Control

Pre vs
Post

Scapulothoracic ROM (Figure 3), deg
Internal/external rotation 11.0 ± 4.8 (3.5 to 21.8) 10.3 ± 7.2 (1.8 to 24.1) 9.8 ± 5.2 (3.3 to 20.5) .69 .41 .68
AP tilt 25.0 ± 5.2 (15.7 to 34.3) 20.0 ± 8.3 (4.8 to 32.5) 24.6 ± 4.2 (19.2 to 36.1) .05 .73 .05
Upward/downward

rotation
26.5 ± 5.6 (17.3 to 39.1) 23.8 ± 12.3 (5.5 to 50.0) 27.4 ± 7.6 (16.3 to 45.1) .33 .62 .17

Glenohumeral ROM, deg
Elevation 54.0 ± 5.2 (43.2 to 61.0) 37.0 ± 17.9 (2.9 to 61.6) 47.3 ± 9.2 (18.9 to 60.7) <.01 .01 .01

Joint contact path (Figure 4)
Path length, % glenoid

height
31.6 ± 11.0 (17.2 to 58.8) 26.7 ± 15.8 (0 to 65.6) 33.0 ± 15.0 (5.2 to 59.4) .23 .72 .10

Joint contact center (Figure 5)
Mean SI position, % glenoid

height
6.1 ± 8.8 (–12.2 to 18.7) 2.4 ± 8.9 (–15.5 to 20.0) 1.8 ± 9.4 (–20.9 to 19.6) .16 .10 .49

Mean AP position, % glenoid
width

–4.3 ± 6.0 (–17.5 to 8.6) –4.8 ± 6.8 (–15.4 to 11.2) –4.9 ± 10.9 (–31.5 to 15.2) .78 .80 .20

SI range, % glenoid height 12.6 ± 5.9 (4.9 to 29.9) 11.0 ± 6.1 (0.0 to 23.2) 14.2 ± 7.1 (2.5 to 29.6) .39 .40 .01
AP range, % glenoid width 8.8 ± 4.1 (3.8 to 21.3) 7.1 ± 4.2 (0.0 to 19.0) 8.8 ± 4.1 (3.8 to 21.3) .17 .33 .48

Acromiohumeral distance (Figure 6)
Mean, mm 4.6 ± 1.2 (2.9 to 8.2) 4.1 ± 1.6 (1.7 to 8.0) 3.8 ± 1.6 (0.9 to 7.8) .22 .07 .02

aData are presented as mean ± SD (range). Boldfaced numbers indicate statistically significant difference (P � .05). AP, anteroposterior;
post, post–physical therapy; pre, pre–physical therapy; ROM, range of motion; SI, superoinferior.

Figure 3. Physical therapy (PT) resulted in a significant
increase in scapulothoracic anterior/posterior tilt range of
motion (P ¼ .05). After PT, the anterior/posterior tilt was not
different from controls (P ¼ .73).
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Furthermore, previous research suggests that a longer
exercise duration (eg, 12 vs 8 weeks) and/or a more rigorous
strength-building protocol may be necessary to demon-
strate significant improvements in strength in this patient
population.36

Despite the significant improvements after 8 weeks of PT
in conventional clinical outcome measures, the study is

consistent with previous reports indicating that PT has
only a subtle effect on GHJ or scapulothoracic motion pat-
terns.14,19,30,31,33,39 For example, previous studies have
reported that 4- to 6-week exercise programs result in only
small and potentially clinically insignificant changes in
scapulothoracic motion.14,39 Similarly, Lawrence et al30

also reported subtle differences in scapulothoracic upward
rotation and AP tilt of approximately 3� to 7� between sub-
jects with and without shoulder pain. The findings on

Figure 4. The lines superimposed on the glenoid indicate the path of joint contact during shoulder elevation for (A) control subjects,
(B) patients before physical therapy (PT), and (C) patients after PT. In each figure, the open circle (�) indicates the center of contact
at 20� of glenohumeral elevation and the closed circle (�) indicates the center of contact at 70� of glenohumeral elevation. The
arrows indicate the direction of the contact path with increasing glenohumeral elevation.

Figure 5. The control subjects’ mean joint contact center was
positioned higher on the glenoid than the patients’ mean joint
contact center, although no significant differences were
found (P � .10). PT, physical therapy.

Figure 6. Physical therapy (PT) resulted in a small decrease in
the acromiohumeral distance at certain glenohumeral joint
angles (25�, 35�-45�). The control subjects’ acromiohumeral
distance was significantly greater than the patients’ acromio-
humeral distance from 55� to 70� of glenohumeral elevation
before and after physical therapy (P < .02). Statistically
significant difference *between pre- and post-PT values and
#between control subjects and physical therapy patients
(P � .05).
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scapulothoracic motion from the current study, which indi-
cate increases in the ranges of AP tilt and upward rotation
of approximately 3� to 5�, are consistent with previous stud-
ies. Although this study was not designed to evaluate the
association between changes in joint motion and improve-
ments in clinical outcomes, it is possible that changes in
joint motion may indeed play a role in the etiology and
treatment of rotator cuff pathology. It is important, how-
ever, to recognize that the MCID for changes in scapu-
lothoracic motion, as well as the minimum change in
scapulothoracic motion that can be accurately and reliably
detected in a clinical setting, have not yet been established.

The study indicated that, prior to PT, symptomatic rota-
tor cuff tear patients had approximately 5� less scapular
posterior tilt (P ¼ .05) than control subjects and that PT
increased posterior tilt and essentially restored it to control
subject levels. These findings are consistent with the con-
cept of scapular dyskinesis and emphasize the importance
of improving scapular mobility and stability in patients
with rotator cuff pathology.13,22,23,25 It is tempting to sug-
gest that an increase in posterior tilting of the scapula may
decrease impingement pain by increasing the acromiohum-
eral distance, but the mean acromiohumeral distance in
this study actually decreased slightly after PT (P ¼ .02)
(Figure 6). Furthermore, Karduna et al21 demonstrated in
a cadaver study that posterior tilting had no effect on sub-
acromial contact forces. Consequently, if decreases in pain
after PT are related to changes in scapulothoracic motion, it
seems unlikely that this is due solely to changes in AP tilt of
the scapula.

The average GHJ contact paths (Figure 4) and joint con-
tact centers (Figure 5) are consistent with previous stud-
ies10,12,37 and provide insight into the relationship between
GHJ mechanics and rotator cuff pathology. For example,
there was little difference in the mean SI joint contact cen-
ter between the asymptomatic control subjects in the cur-
rent study (mean age, 59.0 ± 5.5 years) and younger
asymptomatic control subjects in previous work (mean age,
30.2 ± 7.9 years).10 The SI joint contact center of the older
subjects in the current study was located 6.1% above the
midpoint of the glenoid, whereas the SI joint contact center
of the younger subjects was located 7.5% above the mid-
point of the glenoid. However, the path lengths were sub-
stantially different, with the younger control subjects
having a path length of only 21.5% ± 10.4% of glenoid
height versus the older control subjects’ path length of
31.6% ± 11.0% of glenoid height. This finding may suggest
that GHJ excursion increases with age, perhaps due to
decreases in rotator cuff strength or changes in neuromus-
cular function, and that this change in joint mechanics may
contribute to the development of rotator cuff pathology.
However, it is important to reiterate that 16 of the 25 older
control subjects in the current study had some form of
ultrasound-diagnosed rotator cuff pathology, and therefore
we cannot eliminate the possibility that rotator cuff pathol-
ogy precipitated this change in joint mechanics.

The joint contact paths reported in the current study also
suggest that supraspinatus function is significantly com-
promised in patients with a symptomatic rotator cuff tear.
Specifically, inferior translation of the mean joint contact

center from approximately 20� to 50� of GHJ elevation is a
strong indication that the supraspinatus, which electro-
myographic studies indicate should be active over this
range of motion,16 is not helping to stabilize the humerus
against the glenoid. Consequently, it is not surprising that
the joint contact center moves inferiorly on the glenoid dur-
ing this range of motion. This finding is consistent with
previous research by Millett and colleagues,42 who reported
that the humeral head center translates 1 to 2 mm inferi-
orly during shoulder elevation in patients with a rotator
cuff tear. Furthermore, this finding of inferior motion of the
joint contact center at lower elevation angles is consistent
with previously reported findings in patients who have had
surgical rotator cuff repair.10 Consequently, these data sug-
gest that the mechanical function of the supraspinatus that
appears to be lost or diminished in patients with a painful
rotator cuff tear is not adequately restored through surgical
repair. However, it is important to acknowledge that elec-
tromyographic activity of the supraspinatus or other rota-
tor cuff muscles was not measured in this study.

Another important finding from this study is that the
mean joint contact center in the patients with a symptom-
atic rotator cuff tear is located near the equator of the
glenoid (Figure 5). In contrast, previous research has
shown that the mean joint contact center of patients with
a surgically repaired (and intact) rotator cuff tear is located
approximately 10% more superiorly on the glenoid.10 Taken
together, these findings suggest that perhaps there is a
significant difference in the GHJ mechanics between the
patients in this study and those who eventually require
surgery. Alternatively, these findings suggest that some
aspect of surgery, either the surgical repair procedure or
postoperative rehabilitation, results in the humerus being
positioned more superiorly on the glenoid than the preop-
erative (ie, post-PT) condition. It is plausible to hypothesize
that current surgical repair protocols place the repair tis-
sues under excessive tension, which in turn translates the
humerus into a position located more superiorly on the
glenoid. This hypothesis about excessive repair tension is
supported by a study by McCarron et al,38 who reported
that tantalum markers implanted at the time of rotator cuff
repair demonstrate substantial (15-20 mm) medial retrac-
tion of the repair, with most of that retraction occurring
within the first 3 months after surgical rotator cuff repair.
Although the only consequence of excessive repair tension
in patients with a small rotator cuff tear may be altered
GHJ mechanics, excessive repair tension may help explain
the high incidence of recurrent tears in patients with a
medium/large rotator cuff tear.

As with any study, this one was not without limitations.
First, the individualized approach of delivering treatment
made it difficult to ensure a uniform PT protocol among
patients. Patient compliance with the home-based portion
of the PT protocol was not measured, largely because no
practical method exists yet for accurately and objectively
assessing a patient’s home-based PT activities. Another
limitation is that the radiography-based technique for mea-
suring in vivo joint motion does not take cartilage into con-
sideration, but Massimini et al37 reported that the location
of the mean joint contact center is not significantly affected
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by the presence/absence of cartilage. It was also a limitation
of this study that the data were confounded to some extent
by changes in the patients’ ROM between the pre- and post-
PT testing time points. For example, before PT, only 44% of
patients were able to achieve 120� of humerothoracic eleva-
tion during in vivo joint motion testing, whereas 80% were
able to meet or exceed this ROM at their post-PT visit.
Since these inevitable differences made it difficult to select
an ROM that was common to all study participants, we
selected the ranges of 20� to 70� of glenohumeral elevation
and 20� to 105� of humerothoracic motion to enable direct
comparisons with previous research on postsurgical
patients.10 Additional limitations included variability
among patients in the number of supervised therapy visits
and the duration of treatment, the use of a convenience
sample, assessors who were not blinded to the study parti-
cipants’ treatment groups, and inclusion of subjects with
asymptomatic rotator cuff pathology in the control group.

In summary, this study demonstrated that there are
appreciable differences in conventional clinical outcomes
when comparing patients with a symptomatic rotator cuff
tear to asymptomatic control subjects and that PT has a
significant effect on clinical outcomes; however, physical
therapy did not restore patients to the levels of controls.
The differences in joint motion between patients and con-
trol subjects, or between pre- and post-PT time points, are
much more subtle. Ongoing research is aimed at more pre-
cisely defining the relationship between rotator cuff integ-
rity, joint motion, strength, and conventional clinical
outcomes.
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