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Abstract
A repeated-measures design was used to assess gle-
nohumeral rhythm in 10 patients with shoulder impinge-
ment and 10 pain-free persons and to assess the effects 
of subacromial injection on glenohumeral rhythm within 
the impingement group. Scapular-plane anterior-to-pos-
terior x-rays of the scapula and humerus were obtained 
at 5 angles of arm elevation (resting, 30°, 60°, 90°, 120°). 
For the impingement group, x-rays were repeated after 
subacromial injection (10 mL of 1% lidocaine). No sig-
nificant differences in glenohumeral rhythm were found 
between the impingement and control groups across all 
arm-elevation angles.

Subacromial impingement is the most common 
cause of shoulder pain.1 Clinically, patients pre- 
sent with a painful arc of motion during active arm 
elevation, typically 70° to 120°.2 Shoulder crepitus, 

weakness, and tenderness are also commonly reported.3 
Pain associated with subacromial impingement also can be 
reproduced passively by stabilizing the scapula and elevat-
ing the patient’s arm with the glenohumeral joint internally 
rotated. Neer2 called this maneuver the impingement sign. 
Subacromial impingement can be clinically confirmed 
when pain decreases after an injection of 10 mL of 1% 
lidocaine beneath the acromion.2

Although subacromial impingement is a common ortho-
pedic problem, the etiology of this disorder has not been 
clearly documented. Neer2 described subacromial impinge-
ment as the result of a mechanical process in which there is 
compression of the supraspinatus tendon and subacromial 
bursa between the humeral head and the acromion/cora-

coacromial ligamentous complex. This repetitive compres-
sion has been reported to lead to inflammation, fibrosis, 
and, ultimately, rupture of the rotator cuff.3

Although the mechanism of subacromial impingement 
is commonly accepted as being mechanical, what causes 
this mechanical compression has not been clearly eluci-
dated. There are several hypothesized factors, including 
rotator cuff weakness, glenohumeral capsular tightness, 
muscle imbalance, shape of the acromion, and altered gle-
nohumeral rhythm.1,4-20 Given the large variety of factors 
implicated in subacromial impingement, proposed treat-
ment approaches have been many and varied.1,4,7,10,16,21-25

One component commonly addressed in the conserva-
tive treatment of subacromial impingement is restoration 
of glenohumeral rhythm.4,16,21,23-30 Glenohumeral rhythm 
is defined as the ratio of humeral motion to motion of the 
scapula on the thorax.31 Although abnormal glenohumeral 
rhythm could be the result of excessive motion of the 
scapula, limited scapular mobility has been postulated as 
being more closely associated with subacromial impinge-
ment.32 This premise is based in part on the belief that, in 
persons with subacromial impingement, the scapula lacks 
normal upward rotation, which could potentially limit 
clearance for the greater tuberosity of the humerus dur-
ing active elevation and increase compression under the 
acromion.2 As the treatment of subacromial impingement 
is often directed toward improving scapulothoracic mobil-
ity as well as strengthening the scapular stabilizers and 
upward rotators, the role of altered glenohumeral rhythm 
in this symptomatic population needs to be adequately 
documented. In addition, it is not known whether altered 
glenohumeral rhythm is a cause or effect of subacromial 
impingement syndrome.

Using static radiographic techniques, Poppen and 
Walker31 quantified glenohumeral and scapulothoracic 
motion in 15 patients with various shoulder pathologies. 
They found glenohumeral rhythm to be altered in patients 
with shoulder pathology but did not report the specific 
glenohumeral rhythm abnormalities in relation to the dif-
ferent diagnoses. Paletta and colleagues,33 using similar 
radiographic techniques to assess glenohumeral rhythm in 
patients diagnosed with shoulder instability and with rota-
tor cuff tears, reported a significant difference in glenohu-
meral rhythm for the instability group versus individuals 
without shoulder pathology.
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Evidence of altered scapular rotation in persons 
with symptoms of subacromial impingement was pro-
vided by Ludewig and Cook,32 who reported decreased 
upward scapular rotation at 60° of humeral elevation in 
the scapular plane compared with individuals with non-
painful shoulder motion. In contrast, Lukasiewicz and 
colleagues34 quantified 3-dimensional (3-D) scapular 
kinematics and did not find any differences in upward 
scapular rotation between impingement and control 
groups. However, it should be noted that the study con-
ducted by Lukasiewicz and colleagues34 evaluated only 
3 angles of arm elevation (resting, 90°, maximum ele-
vation). Although the studies by Ludewig and Cook32 
and Lukasiewicz and colleagues34 provide some insight 
into the role of the scapula in this syndrome, the role 
of scapular rotation and, perhaps more important, the 
relationship of scapular motion with respect to the 
humeral motion (ie, glenohumeral rhythm) needs to be 
further defined. To date, no study has quantified gleno-
humeral rhythm in an impingement population.

The present study was conducted to determine whether 
patients with symptoms of shoulder impingement demon-
strated altered 2-dimensional (2-D) glenohumeral rhythm 
compared with asymptomatic controls and to assess the 
effects of subacromial injection of 10 mL of 1% lidocaine 
on 2-D glenohumeral rhythm within the impingement 
group. We hypothesized that patients with symptoms of 
shoulder impingement would demonstrate altered gle-
nohumeral rhythm (decreased scapular upward rotation 
relative to humeral elevation) and that glenohumeral 
rhythm would be restored by the pain-relieving subacro-
mial injection.

Materials and Methods

Subjects
The study included 5 men and 5 women (mean age, 
40.3 years; SD, 8.5 years) with symptoms of shoul-
der impingement and 5 men and 5 women (mean age, 
40.4 years; SD, 8.7 years) who were asymptomatic. 
The 10 persons with shoulder pain were seeking medi-
cal care for their symptoms and were recruited from 
the Healthcare Consultation Center at the University 
of Southern California. Only patients with a history 
related to overuse or insidious onset and diagnosed with 
a positive subacromial impingement test by an ortho-
pedic surgeon were considered. Minimizing the pos-
sibility that symptoms were related to tensile failure of 
the supraspinatus tendon (ie, rotator cuff tear) involved 
excluding from the study patients who were older than 
45 and patients whose symptoms resulted from trauma 
or acute dislocation.2,3,15,28 Mean time from onset of 
symptoms was 5.9 months (range, 2 weeks to 2 years). 
Eighty percent of the patients with symptoms of shoul-
der impingement reported an activity-related mechanism 
of injury (reaching, pushing, pulling, lifting), and 90% 
reported symptoms in the dominant arm.

The diagnosis of subacromial impingement syndrome 
was based on 4 clinical criteria: painful arc on active eleva-
tion of the arm in the scapular plane, pain on palpation of the 
subacromial space, decreased active range of motion (ROM) 
in elevation compared with the contralateral side (≥ 20° 
side-to-side difference as determined by goniometer), and 
positive Neer impingement test.2,3,9 Subjects were excluded 
from the study if there was evidence of glenohumeral joint 
instability, as indicated by a positive relocation test or sulcus 
sign; rotator cuff tear, as indicated by a positive drop arm 
test; humeral head, glenoid, or acromial fractures; previous 
shoulder surgery on the involved side; moderate to severe 
scoliosis; neuromuscular disorders affecting the shoulder or 
trunk muscles; tumors or masses in the shoulder; or congeni-
tal anomalies affecting the shoulder.

The asymptomatic controls were recruited from the staff 
and employees of the University of Southern California 
Health Sciences campus and were matched with the 
patients on age, sex, and arm dominance. Several criteria 
were used to select controls: no history of shoulder pain or 
pathology, no current shoulder pain, full active and passive 
range of glenohumeral joint motion, normal strength of the 
shoulder musculature, no neurologic disorders, no tumors 
or masses in the shoulder, and no congenital anomalies 
affecting the shoulder.

The number of subjects recruited for this study was 
based on a sample size calculation. Ten subjects would be 
required per group to detect a 30% difference in kinematic 
variables (significant group effect) with a power level of 
.80 (a = .05 for a 1-tailed test).

Procedure
Before participation, the procedures and risks of the study 
were explained to all subjects, and informed consent was 
obtained. For the impingement group, active range of arm 
elevation in the scapular plane was recorded with a stan-
dard goniometer.35 Magnitude of pain associated with arm 
elevation was assessed with a visual analog scale and was 
at least 50% reduced in order to be included.

Five anterior-to-posterior x-rays of the scapula and 
humerus were obtained at resting and at 30°, 60°, 90°, and 
120° of arm elevation in the scapular plane (Figure 1). To 

Figure 1. Standard x-ray taken in scapular plane (60°) for mea-
surement of glenohumeral and scapulothoracic angles.
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ensure a perpendicular view of the scapula, subjects stood 
at a 30° to 45° angle with respect to the x-ray source, and 
the x-ray tube was adjusted for each subject such that the 
scapula was parallel to the x-ray plane.31 A metal chain 
(visible in the x-ray field) was hung as a plumb line and 
served as a vertical axis for measurements (Figure 1).

All x-rays (with the exception of the resting view) were 
taken with the subject performing a static isometric contrac-
tion. Each arm-elevation angle was determined with a goni-
ometer, and a mark on a stationary pole provided feedback 
regarding arm position during the radiographic procedure. 
When the estimated degree of arm elevation (using the 
goniometer) was compared with the actual elevation angle 
based on x-ray measurements, the difference between the 
2 measures (when averaged across all angles of arm eleva-
tion) was 7.9°, with the largest variability between the 2 
measurements within the resting to 30° range.

Subjects were required to hold each position for approxi-
mately 10 seconds. To prevent a lateral trunk lean toward the 
noninvolved side, a crutch was placed upright into the axilla 
opposite the arm being x-rayed. A 1-minute rest was given 
between each of the x-rays obtained. None of the subjects 
reported fatigue during the radiographic evaluation.

After the initial radiographic evaluation, each patient in 
the impingement group received a subacromial injection 
of 10 mL of 1% lidocaine administered by an orthopedic 
surgeon. Five minutes after receiving the injection, the 
patient was instructed to repeat active arm elevation in the 
scapular plane, and pain was reassessed. The injection was 
considered positive if there was pain reduction of at least 
50% with active elevation. If the pain criterion was met, 
the same radiographic procedures were repeated. If pain 
was not reduced by 50%, the patient did not continue in the 
study. All subjects evaluated met the pain criterion.

Data Analysis
Each x-ray was evaluated to determine the glenohumeral 
angle and the scapulothoracic angle as reported by Poppen 
and Walker.31 The glenohumeral angle was defined as the 
angle formed by a line defining the longitudinal axis of the 
humerus and a line defining the orientation of the glenoid 
fossa (Figure 2). The longitudinal axis of the humerus 
bisected the proximal third of the bone, whereas the line 
defining the orientation of the glenoid connected the superior 
and inferior aspects of the fossa.31 Scapulothoracic angle was 
defined as the angle formed by a line defining the orientation 
of the glenoid fossa and a vertical line perpendicular to the 
horizontal plane (Figure 3). As with the glenohumeral angle, 
the line defining the orientation of the glenoid connected the 
superior and inferior aspects of the fossa. The vertical line 
in the x-ray field was defined by the plumb line chain and 
represented the y-axis of the trunk.31

Glenohumeral rhythm was defined as the ratio of the 
glenohumeral angle to the scapulothoracic angle. To deter-
mine the ratio of glenohumeral motion to scapulothoracic 
motion for a given subject, the glenohumeral angle from a 
given position was subtracted from the glenohumeral angle 
of the next consecutive position. The same was done for the 
scapulothoracic angles, and a ratio was then determined. 
Glenohumeral rhythm for a given ROM was defined as 
the ratio of the glenohumeral angle to the scapulothoracic 
angle between consecutive arm-elevation angles (ie, rest-
ing to 30°, 30° to 60°, 60° to 90°, 90° to 120°).23,31,36 For 
example, a value of 2.0 was indicative of 2° of glenohu-
meral joint motion for every 1° of scapulothoracic motion 
for a given arc of motion. This method of determining 
glenohumeral rhythm has previously been shown to be 
capable of assessing differences between various clini-
cal populations.31,33 All radiographic measurements were 
made by the same investigator using a standard straight 
edge and a goniometer.

Measurement Reliability
To assess the intrarater reliability of the measures used to 
calculate glenohumeral rhythm, x-rays from 4 asymptomatic 
subjects were evaluated on 2 separate occasions, 2 weeks 
apart. The same procedures were used for both measurement 
sessions, as described above. The investigator was blinded 
to the results of previous measurements (all lines drawn on 
film were erased). New x-rays were not taken as part of the 
reliability assessment.

Statistical Analysis
Intrarater reliability of the 2 measures used to calculate 
glenohumeral rhythm was assessed with the intraclass cor-
relation coefficient (ICC: 3,1).37 ICCs were generated with 
the equation BMS – EMS / BMS + (k – 1) EMS, in which 
BMS = between-subjects mean square, EMS = error mean 
square, and k = number of raters (k = 1 in this case, as only 
1 rater measured angles). A univariate, repeated-measures 
analysis of variance (ANOVA) using the reliability data was 
performed to obtain the necessary values for the ICC equa-

Figure 2. Glenohumeral angle (oGH) was defined as the angle 
formed by a line bisecting the longitudinal axis of the humerus 
(g) and a line connecting the superior and inferior aspects of 
the glenoid fossa (y).
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tion. For both the glenohumeral and scapulothoracic angle 
measurements, factors used in the ANOVA were subjects 
(4) and trial (2). Reliability of measurements was assessed at 
each degree of arm elevation.

To determine whether glenohumeral angle and scapulo-
thoracic angle varied between the impingement and control 
groups, separate 2x5 (group x angle) ANOVAs with repeat-
ed measures on 1 factor (angle) were used. To determine 
whether glenohumeral rhythm varied between groups, a 
2x4 (group x range) ANOVA with repeated measures on 1 
factor (range) was used.

To determine whether glenohumeral angle and scapulo-
thoracic angle varied within the impingement group before 
and after injection, separate 2x5 (group x angle) ANOVAs 
with repeated measures on 2 factors (injection, angle) 
were used. To determine whether glenohumeral rhythm 
varied between groups, a 2x4 (group x range) ANOVA 
with repeated measures on 2 factors (injection, range) was 
used.

For each repeated-measures ANOVA, significant main 
effects were reported if there was no interaction. If a sig-
nificant interaction was found, the individual main effects 
were analyzed separately. Statistical software (BMDP 
Statistical Software Inc, Los Angeles, CA) was used for all 
analyses. Level of significance was set at P<.05.

Results
For the reliability portion of this study, the ICC for the gleno-
humeral angle (averaged across all angles of arm elevation) 
was .95. Mean ICC for the scapulothoracic angle was .94.

There was no significant difference in the glenohumeral 
angle or scapulothoracic angle between the impingement 

and control groups when averaged across all ranges of 
arm elevation (no group effect, no interaction; Tables I, II). 
Similarly, there was no difference in glenohumeral rhythm 
between the impingement and control groups when averaged 
across all ranges of arm elevation (no group effect, no inter-
action; Table III). The largest difference in glenohumeral 
ratios between the 2 groups was observed from resting to 
30° (impingement group mean, 14.1, and SD, 13.4; control 
group mean, 12.5, and SD, 15.2). However, this was not 
statistically significant.
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Table I. Glenohumeral Angles in Impingement and Control Groups, Mean Degrees (SD)

			             Arm Elevation
Group	 Resting	 30°	 60°	 90°	 120°

Impingement	 13.9 (6.1)	 46.9 (10.6)	 59.5 (9.0)	 71.8 (8.2)	 83.9 (8.4)
Control	 9.2 (4.9)	 42.6 (15.3)	 56.7 (11.7)	 67.9 (7.7)	 76.6 (5.8)

Table II. Scapulothoracic Angles in Impingement and Control Groups, Mean Degrees (SD)

			           Arm Elevation
Group	 Resting	 30°	 60°	 90°	 120°

Impingement	 –3.3 (4.6)	 –2.6 (9.0)	 2.7 (8.7)	 12.5 (9.4)	 27.6 (11.2)
Control	 –4.2 (7.5)	 1.0 (8.7)	 5.3 (10.4)	 16.2 (6.7)	 33.9 (6.2)

Table III. Glenohumeral Rhythmsa in Impingement and Control Groups, Mean Ratio (SD)

				              Arm Elevation Range
Group	 Resting–30°	 30°-60°	 60°-90°	 90°-120°

Impingement	 14.1 (13.4)	 4.9 (4.9)	 1.0 (0.3)	 0.6 (0.3)
Control	 12.5 (15.2)	 5.4 (4.8)	 1.6 (1.5)	 0.6 (0.4)

aDefined as ratio of glenohumeral motion to scapulothoracic motion.

Figure 3. Scapulothoracic angle (oST) was defined as the angle 
formed by a line defining the orientation of the glenoid fossa (y) 
and a vertical line perpendicular to the horizontal (g).
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After the subacromial injection in the impingement 
group, a significant group effect (no interaction) was found 
for both the glenohumeral angle and the scapulothoracic 
angle. Post hoc analysis revealed that, after the subacromial 
injection, there were mean decreases of 5.9° and 6.4° in 
the glenohumeral angle at 60° and 90°, respectively, and 
mean increases of 4.1° and 5.5° in the scapulothoracic 
angle at 60° and 90°, respectively (Tables IV, V). However, 
there was no difference in glenohumeral rhythm within 
the impingement group before and after the subacromial 
injection when averaged across all ranges of arm elevation 
(no injection effect, no interaction; Table VI). The largest 
difference in glenohumeral ratios before and after injection 
was found from resting to 30° (preinjection mean, 14.1, 
and SD, 13.4; postinjection mean, 11.6, and SD, 10.2). 
However, this was not statistically significant.

Discussion
This study found no differences in glenohumeral angle, 
scapulothoracic angle, or 2-D glenohumeral rhythm between 
patients with symptoms of shoulder impingement and asymp-
tomatic controls. More specifically, our data do not support 
the premise that patients with symptoms of shoulder impinge-
ment demonstrate decreased scapular upward rotation relative 
to humeral elevation in the scapular plane.

As no group differences were evident with respect to 
glenohumeral rhythm, it is not entirely surprising that a 
pain-relieving injection did not change this parameter in the 

impingement group. Nonetheless, small but significant dif-
ferences in the glenohumeral angle and the scapulothoracic 
angle were observed after injection. On average, the gleno-
humeral angle was significantly smaller at 60° and 90° after 
injection, and the scapulothoracic angle was significantly 
larger at 60° and 90° after injection. However, these dif-
ferences did not translate into a change in glenohumeral 
rhythm in this range.

That these differences were evident at the ROM points 
that commonly reproduce impingement symptoms sug-
gests that the pain-relieving injection affected scapular 
mechanics. For example, at 60° and 90°, a larger amount 
of scapular upward rotation was found. Thus, to achieve 
the desired angle for testing, less glenohumeral motion was 
required. For the most part, the postinjection values for 
both angles resulted in mean values being closer to those 
of the control group. However, that the 2 groups were not 
significantly different at the start makes interpretation of 
this finding difficult.

The scapulothoracic angle data obtained from the con-
trols compare favorably with the healthy subjects’ 3-D 
scapular upward rotation data reported by Ludewig and col-
leagues.38 In addition, our group comparison results for the 
scapulothoracic angle agree with the data of Lukasiewicz 
and colleagies,34 who reported no significant differences in 
upward scapular rotation between patients with impinge-
ment syndrome and persons without shoulder pathology. 
Similarly, Ludewig and Cook32 reported no differences in 
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Table IV. Impingement Group: Glenohumeral Angles Before and 
After Subacromial Injection, Mean Degrees (SD)

					     Arm Elevation
Group	 Resting	 30°	 60°a	 90°a	 120°

Preinjection	 13.9 (6.1)	 46.9 (10.6)	 59.5 (9.0)	 71.9 (8.4)	 83.9 (8.4)
Postinjection	 15.3 (6.8)	 44.2 (9.1)	 53.6 (9.5)	 65.5 (5.6)	 78.6 (10.2)

aPostinjection value significantly less than preinjection value.

Table V. Impingement Group: Scapulothoracic Angles Before and  
After Subacromial Injection, Mean Degrees (SD)

		  			      Arm Elevation
Group	 Resting	 30°	 60°	 90°	 120°

Preinjection	 –3.3 (4.6)	 –2.6 (9.1)	 2.7 (8.7)	 12.5 (9.4)	 27.6 (11.2)
Postinjection	 –3.8 (5.7)	 0.1 (6.0)	 6.8 (7.3)	 18.0 (5.7)	 31.3 (8.5)

Table VI. Impingement Group: Glenohumeral Rhythms* Before and  
After Subacromial Injection, Mean Ratio (SD)

						      Arm Elevation Range
Group		  Resting–30°		  30°-60°		  60°-90°		  90°-120°

Preinjection		  14.1 (13.4)		  4.9 (4.9)		  1.0 (0.3)		  0.6 (0.3)
Postinjection		 11.6 (10.2)		  4.0 (4.9)		  1.0 (0.6)		  1.0 (0.6)

aDefined as ratio of glenohumeral motion to scapulothoracic motion.
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scapular upward rotation in patients with shoulder impinge-
ment symptoms at humeral angles of 90° and 120°. They 
did report a small but significant difference (4.1°) at 60°, 
but data were collapsed across various loading condi-
tions—making comparisons with our results difficult.

Taken together, the findings of these studies suggest that 
limited scapular upward rotation may not play as large 
as role as previously thought with regard to etiology of 
subacromial impingement syndrome. Although mechani-
cal compression of the supraspinatus between the humeral 
head and the acromion (a result of decreased scapular 
upward rotation) is commonly accepted as a potential cause 
of impingement symptoms, other factors, such as superior 
migration of the humeral head relative to the glenoid fossa, 
should be evaluated. Furthermore, the data of Lukasiewicz 
and colleagues34 and Ludewig and Cook32 suggest that 
scapular motion in different planes (ie, anteroposterior 
tilting in the sagittal plane; superoinferior motion in the 
frontal plane) may be important factors in the etiology of 
subacromial impingement. Continued research is needed to 
clearly define the role of the scapula in this population.

The results obtained for 2-D glenohumeral rhythm in 
our controls compare favorably with the normative data of 
Poppen and Walker.31 For 30° to 120° of elevation, Poppen 
and Walker reported mean glenohumeral rhythm to be 1.25, 
versus our 1.1. In contrast, Inman and colleagues23 reported 
glenohumeral rhythm to be 2.0 throughout the same range 
of elevation. One possible explanation for this discrep-
ancy may be related to Inman and colleagues’ measuring 
glenohumeral rhythm in the frontal plane. Their method 
would lead to errors in quantifying scapular rotation, as the 
scapula rests on the thorax approximately 37° anterior to 
the frontal plane.39

Glenohumeral rhythm is often reported for the overall 
range of arm elevation. However, our study results show that 
the ratio of humeral elevation to scapular rotation was not 
consistent throughout the entire range. For example, during 
arm elevation from resting to 30°, the glenohumeral ratio 
of our control group was 12.5, indicating that most of the 
motion was obtained from the humerus moving away from 
the body, while the scapula contributed very little to overall 
motion. Although the larger contribution of humeral motion 
in relation to scapular motion has previously been observed 
in this range, our glenohumeral ratio was higher than that 
reported by other investigators. For example, Freedman and 
Munro36 reported a value of 1.35, and Poppen and Walker31 
and McQuade and Smidt39 reported values of 4.3 and 7.5, 
respectively. The discrepancy in glenohumeral ratios from 
0° to 30° is consistent with the conclusions of Inman and 
colleagues23 in that, during the initial stages of elevation, 
the scapula tends to “seek stability,” resulting in large vari-
ability in healthy subjects.

The glenohumeral ratio from 30° to 60° was 5.4 for the 
control group, indicating that the scapula contributed a rela-
tively small amount of upward rotation to achieve 60° of 
arm elevation. This ratio is comparable to the 6.7 reported 
by McQuade and Smidt,39 who used a 3-D tracking system. 

From 60° to 90°, however, the contribution of the scapula 
increased substantially (ratio, 1.6), while the final degrees 
of arm elevation were dominated by upward scapular rota-
tion as evidenced by a ratio of .6.

Caution must be taken in generalizing the results of this 
study to the entire subacromial impingement population, as 
only 10 patients were evaluated. Although significant dif-
ferences were observed in kinematic variables within the 
impingement group (preinjection vs postinjection), the a 
priori power analysis revealed we had enough subjects to 
detect a 30% difference in kinematic variables between the 
impingement and control groups. However, data variability 
was higher than expected, and smaller group differences 
were observed. Post hoc analyses revealed power values of 
.73, .43, and .05 for the between-group comparison (sig-
nificant main effect) of glenohumeral angle, scapulothoracic 
angle, and glenohumeral rhythm, respectively. Although a 
modest increase in sample size may have resulted in sig-
nificant group differences for the glenohumeral angle and 
the scapulothoracic angle, a very large sample size would 
have been needed to detect such a small group difference 
in glenohumeral rhythm. Whether the difference detected 
in such an analysis would be considered clinically relevant 
remains to be seen.

Other limitations of this study were that glenohumeral 
rhythm was assessed during an isometric contraction 
rather than during dynamic movement and that gleno-
humeral rhythm was quantified with 2-D measurements. 
Although comparisons of glenohumeral rhythm during 
active and static conditions have not been made, with 
current advances in kinematic magnetic resonance imag-
ing techniques and “open” imaging systems, new studies 
should be able to address this limitation. With regard to use 
of the 2-D measuring technique to quantify glenohumeral 
rhythm, McQuade and Smidt39 reported that quantifica-
tion of upward scapular rotation using 2-D radiographic 
measurement of in vivo glenohumeral elevation showed 
excellent agreement when compared with scapular rotation 
data obtained from electromagnetic sensors placed on the 
scapula and trunk (r2 = .94). This suggests that the 2-D 
technique can provide data comparable to those of current 
3-D techniques using external markers. However, the 2-D 
x-ray technique is subject to projection errors with any 
rotations out of the plane of analysis, which may contribute 
to impingement symptoms.

Conclusions
Patients with symptoms of shoulder impingement did not 
demonstrate differences in 2-D glenohumeral rhythm when 
compared with pain-free controls. Although a pain-reliev-
ing injection led to small but significant increases in upward 
scapular rotation at 60° and 90° in the impingement group, no 
differences in glenohumeral rhythm were observed.

These results do not support the clinical hypothesis that 
altered glenohumeral rhythm may be a contributory factor 
in the etiology of subacromial impingement syndrome. 
Care must be taken in generalizing these findings given the 
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relatively small sample size and the limitations associated 
with our 2-D analysis of glenohumeral rhythm. More work 
is needed to elucidate the mechanical causes of subacro-
mial impingement to assist in the development of specific 
and improved treatment programs.
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