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ABSTRACT
Background: Several glenohumeral joint (GHJ) positions have been recommended for assessing and correcting pos-
terior shoulder tightness (PST) however, there is no agreement on which position is better for differentiating posterior 
muscle tightness from posterior capsular tightness. The purpose of this study was to compare the range of motion 
change before and after an external humeral rotator muscle fatigue protocol in order to identify a position that shows 
maximum range of motion change.

Methods: ROM changes across four PST measurements were compared before, immediately after, at 24 hours after, 
and 48 hours after an external rotator fatigue protocol. Muscle stiffness of the infraspinatus and the teres minor (using 
a myotonometer) and external rotation force production (using hand-held dynamometry) were measured to verify 
muscle fatigue. 

Results: There was a statistically significant interaction between measurement and condition (F = 2.47, p = 0.02). 
The planned one factor repeated measure ANOVA for each condition revealed that ROM change was statistically sig-
nificant between PST measurements for all conditions. Post hoc comparisons indicated statistically significant greater 
overall ROM changes in a measurement combining GHJ extension and internal rotation compared to other tested 
measurements. There was also a main effect of time on infraspinatus muscle stiffness (F = 10.5, p < 0.0001). Post hoc 
comparison indicated a statistically significant increase in infraspinatus stiffness immediately after the fatigue proto-
col (p < 0.05).

Conclusion: Immediate ROM reduction was observed across all the measurements except horizontal adduction 
(HAD). Maximum ROM reduction after an external rotation fatigue protocol was measured in a position of GHJ 
extension.

Clinical Relevance: Posterior muscle tightness may influence the internal rotation range of motion to a greater 
extent when measured in glenohumeral joint extension.

Keywords: Glenohumeral joint, muscle stiffness, clinical measurement, horizontal adduction, internal rotation.

Levels of Evidence: II-B
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INTRODUCTION
Loss of internal rotation range of motion (ROM) of the 
dominant glenohumeral joint of overhead-throwing 
athletes is well documented.1-13 This internal rotation 
(IR) loss is attributed to osseous and soft tissue adap-
tation and is referred to as posterior shoulder tight-
ness (PST) and develops in response to prolonged 
exposure to high levels of repeated overloading.1,8,14 
Although several positions for assessing and correct-
ing PST have been recommended, there is no con-
sensus on which position is better for differentiating 
posterior muscle tightness from posterior capsular 
tightness. Positions for assessing and stretching pos-
terior shoulder tissues usually involve either adduct-
ing the humerus across the body or a combination 
of humeral flexion and IR.14-18 Tyler et al. described 
a measurement in which the subject is side lying, 
and the humerus is flexed to 90� and is horizontally 
adducted (HAD). Both Laudner and Myers described 
another measurement of PST similar to the hori-
zontal adduction position, but performed in supine 
lying.17,19 A disadvantage of both of these measure-
ments is that it is not known which structure from 
the posterior shoulder limits the motion.16 Laudner 
discusses that posterior deltoid, infraspinatus, teres 
minor and, latissimus dorsi may impact the magni-
tude of glenohumeral joint (GHJ) motion in horizon-
tal adduction.16 Others have also noted that external 
rotator (ER) muscles extensibility possibly influnces 
the PST measurement in both the supine and HAD 
postions.20 

Another method to assess PST is by using the Sleeper 
stretch position. In this position the humerus is ele-
vated to 90� and internally rotated with patient in side 
lying.8,18,21 The strains on the posterior shoulder tissues 
in a position simulating Sleeper stretch were tested by 
Borstad and Dashottar using cadaver shoulders.22 They 
also included a modified version of the Sleeper’s stretch 
where the humerus was only elevated to 60� (named 
“low flexion”) in order to avoid impinging the rotator 
cuff muscles during the measurment. Higher strains on 
the posterior capsule but not on the posterior muscles 
were reported in both of these positions suggesting that 
these positions may be better for assessing posterior 
capsule but may not be optimal for assessing the poste-
rior muscles. In the same study, higher strains on the 
posterior muscles were reported in two measurements; 
1) simulating HAD and, 2) simulating scapular plane 

humeral abduction to 60� (SAB) with internal rotation. 
In a similar study, Muraki et al aimed to identify the 
most effective stretching position for rotator cuff mus-
cles by comparing the strains on the posterior shoulder 
muscles across several GHJ positions.23 Their assump-
tion was that positions that lead to higher strains on the 
muscles are better for stretching. They reported higher 
strains on the external humeral rotators in a postion 
of humeral extension and internal rotation (EIR) but 
not in a position simulating horizontal adduction.23 A 
limitation of these studies is that strain, which is a valid 
outcome measure for assessing muscle length change 
cannot be easily quantified in the clinical setting. 
Therefore, it is important to assess a clinically quan-
tifiable variable across these positions, such as ROM, 
before one position can be recommended.22 

To study the GHJ ROM changes surgical alteration 
of the GHJ posterior capsule in a cadaveric model is 
commonly used. A benefit of using a cadaveric model 
is that it allows the researchers to alter the length and 
mechanical properties by plicating24,25 or thermally 
treating the capsule22,26 and observing the direct 
effects of capsular alteration on the GHJ ROM. Any 
such direct manipulation of muscle length or mechan-
ical properties cannot be done on human subjects for 
testing the ROM changes, however, immediate ROM 
changes can be induced by acute bouts of repeated 
eccentric exercises.27 These acute ROM changes are 
attributed to muscle microstructural damage, edema 
accumulation,28 and increase in muscle passive ten-
sion and stiffness.29 The authors of the current study 
decided to use this known muscular response to acute 
eccentric exercise in order to induce ROM changes 
and compare the effect across four positions recom-
mended for assessing and correcting PST. 

In this study, muscle stiffness was used as a way to 
substantiate muscle fatigue after repeated exercises 
aimed at the external rotator muscles. Muscle stiffness 
is quantified by measuring the magnitude of resis-
tance when muscle is compressed perpendicular to its 
length.30 A myotonometer (Neurogenic Technologies 
Inc., Missoula, MT, USA) was used to objectively quan-
tify the muscle stiffness in this study. The purpose of 
this study was to compare the ROM changes before 
and after external humeral rotator muscle fatigue to 
identify a position with maximum ROM change. The 
hypothesis was that following external rotator fatigue, 
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the magnitude of ROM change will be greater in a mea-
surement combining humeral extension and internal 
rotation (EIR) of all the measurements tested. This 
hypothesis was formulated on the basis of maximum 
strains reported in this position in previous studies.22,23

METHODS

Subjects
Twenty-seven participants (18 females and 9 males) 
between the ages of 18-40 years (Mean age 27±4.3 
years) without shoulder pain were recruited for this 
study. All but one was right hand dominant. Using 
G power software (Heinrich-Heine-Universität Düs-
seldorf), with the power set at 0.8 and α at 0.05, the 
sample size for a small effect size (0.25) was calcu-
lated to be 24. The Ohio State University Institutional 
Review Board approved this study. All volunteers 
were informed about the study procedures and pro-
vided informed consent to participate.

Procedure 

Primary Study 
The experiment began with baseline recordings for 
muscle stiffness and ROM. After these baseline mea-
surements, external rotation force was measured 
using a hand held dynamometer and subjects were 
instructed to initiate the fatigue protocol. When the cri-
terion for fatigue (40% reduction) was achieved (deter-
mined by external rotation force testing), the muscle 
stiffness and ROM measurements were repeated. Two 
examiners performed the measurements; examiner 1 
oriented the shoulder joint for measurements and was 
blinded to GHJ ROM values. In addition, examiner 
1 also measured external rotation force and muscle 
stiffness. Examiner 2 measured and recorded the GHJ 
ROM values and was blinded to the hypothesis of the 
study. All measurements were repeated 3 times and 
the means were used for statistical analysis.

Range of Motion Measurement
Repeated measures of GHJ ROM across four PST 
measurements were recorded before, immediately 
after, at 24 hours, and at 48 hours after a fatigue 
protocol of the non-dominant GHJ external rota-
tors. The order of the PST measurements was ran-
domized using a computer-generated sequence. All 
measurements were taken at the end of the passive 
ROM with no overpressure. The effect of gravity on 

the arm was allowed to move the joint to the end of 
passive range for SAB and Low Flexion (LF), while 
the examiner moved the joint to the end of passive 
range for both HAD and EIR (details in Table 1). 

A goniometer (Baseline evaluation instruments, Fab-
rication Enterprises Inc. White Plains, NY, USA) was 
used to control the starting position for each mea-
surement. For EIR, SAB and LF a digital inclinometer 
(Baseline evaluation instruments, Fabrication enter-
prises Inc. White Plains, NY, USA) was aligned with the 
radial styloids. For HAD the inclinometer was placed 
on the posterior arm. All the angles were controlled 
by aligning the arm with a 360� goniometer fixed at 
60� and kept in direct line of sight of examiner 1. 

Muscle stiffness
Infraspinatus and teres minor muscle stiffness were 
measured using a myotonometer. The myotonome-
ter is considered a reliable tool for measuring mus-
cle stiffness and, has been used in the past to assess 
muscle stiffness.30-34 Briefly, the myotonometer mea-
sures muscle stiffness by quantifying the amount of 
tissue displacement as the probe is pushed down 
perpendicular to the muscle belly. The magnitude 
of tissue displacement is recorded at eight 0.25 N 
force increments up to a maximum force of 2 N. Sub-
sequently, manufacturer provided software gener-
ates a force-displacement graph and calculates the 
area under the curve (AUC) of the graph expressed 
in N.mm.31 Less tissue displacement under the same 
force results in smaller AUC, indicating a harder tis-
sue. To measure the muscle stiffness each subject 
was in a sitting position with arms at side. To ensure 
reproducibility, a standardized measurement loca-
tion was marked on each subject (Table 2) and, 
examiner 1 did all the measurements. To verify repeat-
ability of Myotonometer measurements, pre-fatigue 
muscle stiffness was measured twice in 15 partici-
pants. These repeated pre fatigue muscle stiffness 
measurements were done at an interval of approxi-
mately 20 minutes, based on the time it took for par-
ticipants to finish the experimental protocol. 

External rotation force
External rotation force was measured to objectively 
mark the end of the fatigue protocol. External rotation 
force was measured using a hand-held dynamometer 
(Lafayette instruments Co., IN, USA) with participants 
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Table 1. Tested measurements. All the measurements were performed passively and subjects were 
instructed to relax their shoulder and arm. Note: No overpressure was applied in scapular plane 
abduction and low fl exion, rather; only gravity was allowed to pull the forearm to the end range. 
In extension with internal rotation and horizontal adduction tests, scapular movement marked the 
end of passive range

Position Experimental Position and Procedure Figure of the Position

Scapular Plane 
Abduction 
(SAB) 

In standing, shoulder joint abducted 60° in the 
POS with the neutral GH IR/ ER rotation; add GH 
internal rotation.  

Low Flexion 
(LF) 

In standing, shoulder joint flexed to 60°; add 
internal rotation  

Horizontal 
adduction 
(HAD) 

In supine lying, shoulder joint flexed to 90°; 
adducted across the body. A wedge angled 30° 
was placed under the scapula to maintain the 
scapular plane 

* Goniometers fixed at 60° and 90° were used to orient the shoulder joint to the starting 

position of all the measurements.  

Extension with 
internal rotation 
(EIR) 

In sitting, shoulder joint abducted to 60°* in the 
plane of scapula (POS) and then horizontally
abducted 90° with the elbow maintained in 90°
flexion; add GH internal rotation.  

Table 2. Placement of the Myotonometer, in all the measurements participants were sitting with 
the, arms at the side, forearm pronated and palm resting on thighs

retemonotoyMehtfotnemecalPelcsuM

Infraspinatus  2.5 cm inferior from the midpoint of the spine of scapula 

Teres Minor 1/3rd of the way on a straight line between the posterior-lateral 
angle of acromion and the inferior angle of the scapula along its lateral 
border 

positioned in side lying on their dominant side. The 
non-dominant arm was kept adducted and in neutral 
rotation with the elbow flexed to 90� while examiner 
1 performed an internal rotation break test. The hand 
held dynamometer was placed on the posterior aspect 
of the forearm between the ulnar and radial styloids. 

The external rotation force was recorded prior to and 
immediately following the fatigue protocol. A force 
reduction of 40% from the pre-fatigue value was used 
to objectively define the end of fatigue protocol. A 
25% force reduction has also been used to indicate 
fatigue35 however, in pilot testing the authors’ found 
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that most participants retained the ability to lower 
the weight under control at 25% force reduction, but 
lost that ability when they reached about 40% force 
reduction. Therefore, 40% force reduction was used 
to define the end of the fatigue protocol. 

Each participant performed the fatigue protocol in 
side lying by repeatedly raising and lowering the 
forearm from a position of maximum internal rota-
tion while holding a dumbbell equivalent to approx-
imately 5% of their body weight.36 Oral cues were 
given to participants to maintain proper form during 
the protocol. The concentric (external rotation) phase 
of the protocol was assisted when the participants 
were unable to externally rotate the arm actively. To 
emphasize the eccentric contraction, no assistance 
to the eccentric (internal rotation) phase was given 
and participants were instructed to lower the dumb-
bell under control. The movement was considered 
controlled if the lowering phase lasted at least 2 sec-
onds. Inability to lower the dumbbell under control 
in two consecutive attempts was used to mark the 
subjective end of the fatigue protocol, after which 
external rotation force was immediately measured. If 
the objective force decrease did not meet the criteria 
participants resumed the fatigue protocol.

Secondary Study
Forearm Rest Angle: A secondary study was con-
ducted to objectively assess the change in the ROM 
measured in EIR position with out relying on the 
examiners subjective determination of end range 
passive motion. For this we measured the angle that 
the forearm makes with the vertical in the starting 
position of Extension with IR. Briefly, after abduct-
ing the arm to 60� in the plane of scapula, 90� of 
horizontal abduction was added with the elbow 
maintained in 90� flexion (Figure 1). These mea-
surements were recorded in 20 participants before, 
immediately after the fatigue protocol, and at 24 and 
48 hours post fatigue. 

STATISTICAL METHODS

Primary Study
Range of Motion: The primary dependent variable 
in this study was GHJ ROM change across the 4 PST 
measurements. The intra-rater reliability estimates 
(Intraclass correlation coefficients (3,3) and standard 

error of measurement) for each ROM measurement 
at each time point were calculated. The GHJ ROM 
change for each measurement was calculated by 
subtracting the post fatigue, 24 hour, and 48 hour 
ROM from pre fatigue ROM, referred to as condition 
I (Pre-fatigue ROM – Post- fatigue ROM), condition 
II (Pre-fatigue ROM – 24 Hour ROM), and condition 
III (Pre- fatigue ROM- 48 Hour ROM) respectively. 
The change score was used because the authors 
were interested in identifying the measurement that 
shows maximum change in the ROM, and because it 
normalizes the GHJ ROM across subjects.

To examine the effect of measurement (4 levels) and 
condition (3 levels) on ROM change, a 2 factor repeated 
measures ANOVA was run. To assess assumptions of 
sphericity, Mauchly’s test result was run and evaluated. 
If assumptions were violated, Greenhouse–Geisser (G–
G) and Huynh–Feldt (H–F) corrections were planned 

Figure 1. Forearm rest angle measurement. The forearm rest 
angle is defi ned as the angle that the forearm makes relative 
to the vertical. Forearm position is considered externally 
rotated (dashed black line) if oriented lateral to vertical (solid 
red line) and internally rotated if oriented medial to vertical 
(dashed red line). 
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to determine statistical significance, which was set at 
p < 0.05. Because the aim was to identify a position 
that showed greater ROM change, a separate 1 factor 
(measurement position) repeated measure ANOVA 
was also planned for each condition. 

Muscle Stiffness: The within day reliability of the 
muscle stiffness measurements was examined by 
calculating the intraclass correlation coefficient 
(ICC3,3) among the 2 baseline measures in the sub-
set of 15 participants. The infraspinatus and teres 
minor muscle AUC over time (4) was analyzed using 
separate 1 factor repeated measure ANOVA. Tukey-
Kramer post hoc comparisons were planned for sig-
nificant main effects of time.

Secondary Study
Forearm Rest Angle: A separate 1 factor repeated mea-
sure ANOVA was run to examine the effects of time on 
forearm rest angle. Tukey- Kramer post hoc analyses 
were planned for significant main effects. All statistical 
analyses were performed using NCSS 2001 (Kaysville, 
Utah, USA) and the α level was set at 0.05.

RESULTS

Primary Study
Range of Motion: The within day intra-rater ICC’s 
and standard error of measurement (SEM) for ROM 
measured in each position at each time point are pre-
sented in Table 3. In general the ICCs ranged from 
0.92 to 0.98 and SEM were lowest for HAD (1.2�-1.7�) 
and highest for EIR (2.5�-4.4�). There was a mean 
reduction of 59% in isometric external rotation force 
immediately after the fatigue protocol.

Two-factor repeated measure ANOVA for ROM change 
indicated a statistically significant interaction effect 
between measurement and condition (F=2.47, p=
0.02). Separate one factor repeated measure ANOVA 
revealed that for condition I, extension with IR mea-
surement showed statistically significant greater ROM 
change (19.9�) compared to LF (7.5�), SAB (6.8�) and 
HAD (0.5�). In addition, both LF and SAB ROM change 
were also statistically significant compared to HAD 
ROM change. In conditions II and III, extension with 
IR showed greater ROM change (12.9� and 12.3�) than 
LF (3.3� and 3.8�), SAB (1.9� and 2.5�) and HAD (-0.9� 
and 0.0�), respectively and was statistically significant 
(Figure 2). 

Muscle Stiffness: Muscle stiffness was measured as 
the area under the curve (AUC) of the force displace-
ment graph gen II-B erated by the Myotonometer. 
The within day ICC’s (3,3) for the pre fatigue muscle 
stiffness were 0.95 and 0.97 for infraspinatus and 
teres minor respectively. One factor repeated mea-
sure ANOVA indicated a significant main effect of 
time for infraspinatus AUC (F= 10.5, p<0.001). Teres 
minor AUC did not reach statistical significance (F= 
0.74, p=0.53) (Figure 4). 

Secondary Study
Forearm Rest Angle: Separate 1 factor repeated mea-
sure ANOVA for forearm rest angle indicated a sta-
tistically significant main effect of time (F = 13.54, 
p < 0.001). Tukey-Kramer post hoc analysis indi-
cated that the forearm rest angle immediately after 
fatigue was significantly greater than at 24 and 48 
hours (Figure 3).

DISCUSSION
The results of this study demonstrated that the mag-
nitude of ROM change quantified after an external 
rotator fatigue protocol differs among tested PST 
measurements. The hypothesis of this study was 
that maximum ROM changes after an external rota-
tor fatigue protocol would be observed in a measure-
ment combining humeral extension with internal 
rotation or in horizontal adduction. This hypothesis 
was generated based on the evidence from cadaver 
studies where maximum strains on the posterior 
muscles were observed in these positions.22,23 The 
results show that after external rotator fatigue maxi-
mum ROM reductions were observed in extension 
with IR but not in horizontal adduction. This find-
ing is supported by a previous cadaveric study that 
quantified the strain on the infraspinatus muscle 
and reported that infraspinatus is maximally length-
ened in extension with IR.23 The results of the pres-
ent study taken together with past findings suggests 
that a position of extension with internal rotation 
could be useful in assessing the IR ROM loss that 
might be due to infraspinatus tightness. 

Horizontal adduction is often used to assess PST how-
ever; in this study HAD ROM after fatigue was not 
significantly changed. This finding is also supported 
by previous studies where no significant infraspi-
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Table 3. Intra-rater reliability estimates for range of motion measured across the four 
measurements at each time point. ICC’s were calculated from the repeated measures of  
ROM that were done consecutively on each subject by the same examiner

Measurement Time ICC SEM

Extension with IR Pre-Fatigue 

Post Fatigue 

24 Hours 

48 Hours 

0.98 

0.93 

0.98 

0.98 

2.5° 

4.4° 

2.5° 

2.5° 

SAB Pre-Fatigue 

Post Fatigue 

24 Hours 

48 Hours 

0.95 

0.96 

0.92 

0.95 

2.4° 

2.2° 

2.6° 

2.3° 

HAD Pre-Fatigue 

Post Fatigue 

24 Hours 

48 Hours 

0.97 

0.95 

0.94 

0.96 

1.7° 

1.6° 

1.6° 

1.2° 

LF

ICC=Intraclass correlation coefficient; SEM= Standard error of measurement;
SAB= Scapular plane abduction to 60 °, with internal rotation;
HAD= Horizontal adduction; LF= Low flexion, with internal rotation.

Pre-Fatigue 

Post Fatigue 

24 Hours 

48 Hours 

0.95 

0.93 

0.96 

0.95 

2.1° 

2.3° 

2.2° 

2.3° 

natus strain increases were reported in horizontal 
adduction.22 A possible reason for this may be that 
the motion of the humeral head occurring in hori-
zontal adduction may be limited by posterior deltoid, 
latissimus dorsi, teres minor, and infraspinatus.16 In 
this study the fatigue protocol was aimed at the exter-
nal rotator muscles however, the muscle stiffness of 
teres minor was not significantly increased following 
the fatigue protocol. Posterior deltoid muscle stiffness 
was not measured in this study. It is possible that 
the ROM measured in HAD is influenced by teres 
minor and posterior deltoid and to a lesser degree 
by infraspinatus. Another explanation for no signif-
icant changes in horizontal adduction may be that 
ROM in this position is influenced by posterior cap-
sule.37 Harryman et al37 in a cadaveric study reported 
increased anterior and superior humeral translations 
in horizontal adduction after experimental posterior 
capsular tightening. The increase in antero-supe-

rior humeral translation may result in limitation of 
humeral motion by bony approximation before the 
infraspinatus is fully lengthened. 

In the present study ROM loss was also significant in 
LF and SAB measurements however the magnitude of 
the measured differences was much smaller. Because 
a greater observable change in a measurement may be 
easier to detect in a clinical setting, the use of exten-
sion with IR may be preferable to LF and SAB. The 
ROM change in supine internal rotation with humerus 
abducted to 90� was not measured. This decision 
was made because it has been reported that the IR 
ROM measured in this position is greatly affected by 
humeral torsion.38 The aim of the current study was 
only to compare the ROM changes that occurred due 
to muscle fatigue and future studies should explore 
the influence of humeral torsion on ROM measured in 
extension with internal rotation position. 
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An external rotator fatigue protocol was used to 
induce immediate ROM changes.36 These changes 
have been attributed to microstructural damage 
resulting in edema, increased muscle passive ten-
sion and, muscle stiffness.29,39,40 Although the pro-
tocol consisted of both concentric and eccentric 
components, the researchers emphasized the eccen-
tric component by not giving any assistance during 
the eccentric phase of the protocol. Microstructural 
damage to the muscle following the protocol was 
not directly measured however, reduction in the 
isometric force is considered an indicator of muscle 
damage.41 A mean reduction of 59% in the isomet-
ric external rotation force following the protocol 
suggests that the fatigue protocol used successfully 
affected the muscle condition. 

Muscle stiffness of infraspinatus and teres minor 
were analyzed using two separate 1 factor repeated 
measure ANOVAs. They were analyzed separately 
because descriptive analysis showed different pre 
fatigue infraspinatus (AUC 13.2 ± 2 N.mm) and teres 
minor (AUC 21.2±3.8 N.mm) measures of muscle 
stiffness (Figure 2). Because the magnitude of muscle 
stiffness difference between infraspinatus and teres 
minor was greater than the magnitude of muscle stiff-
ness change over time, including muscle as a factor 
in ANOVA model would have reduced the power of 
the test to detect an interaction between muscle stiff-
ness and time. Before the initiation of the fatigue pro-
tocol muscle stiffness was measured twice to assess 
the within day reliability of the hardness measure-
ment. High ICC’s (0.95 & 0.97) among the repeated 
baseline hardness measurements and a significant 
change in muscle stiffness after the fatigue protocol 
suggests that in the present study Myotonometer was 
able to detect muscle stiffness changes. 

There was no objective measure of the force applied 
by the examiner during extension with IR measure-
ment, which may have introduced examiner bias. To 

Figure 2. Area under the curve (AUC) of a) Infraspinatus; 
and b) Teres minor. Y-axis- area under the curve (in N.mm), 
X-Axis- time points at which the stiffness was measured. 
* indicates statistically signifi cant infraspinatus AUC reduc-
tion immediately after the external rotator fatigue. Error bars 
represent standard deviations.

Figure 3. Forearm rest angle variation across the time 
points. * indicates statistically signifi cant  increase in forearm 
rest angle post fatigue and decrease in Infraspinatus  area 
under the curve (AUC). The primary Y-axis denotes the exter-
nal rotation angle of the forearm; secondary Y-axis denotes 
the Infraspinatus AUC in N.mm. Note that the secondary Y-
axis starts at 10 N.mm.
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address the lack of objective measure of the exam-
iner force, a secondary study was conducted. In 
the secondary study the forearm rest angle rest in 
the starting position of extension with IR (Figure 1) 
was measured. Because this measurement excludes 
examiner force while keeping other conditions the 
same, the potential for examiner bias is minimized. 
There was a statistically significant change in the fore-
arm rest angle immediately after the fatigue protocol, 
corroborating the results of the primary study where 
maximum ROM change was observed in the EIR posi-
tion. Although a statistical relationship among the 
infraspinatus muscle stiffness measurements and 
forearm rest angle was not explored, it is worth not-
ing that forearm rest angle change coincided with 
infraspinatus muscle stiffness over time (Figure 3) 
similar to changes noted in previous studies.42,43 The 
variation of the forearm rest angle with infraspinatus 
muscle stiffness change suggests that the results of 
the primary study that ROM measured in EIR were 
not influenced by the external force applied by the 
examiner.

The posterior capsule of the GHJ may also affect the 
ROM in the positions tested in this study however, 
it is safe to assume that the GHJ posterior capsule 
did not influence the ROM changes observed. First, 
if the exercise protocol used in this study did alter the 
capsule, one would expect increased, not decreased 
ROM because repeated internal and external rota-
tions are used to precondition the capsule to gain 
maximum GHJ ROM.25 Second, the participants were 
not overhead athletes, a population known to have 
GHJ posterior capsular adaptations in response to 
long duration of repeated overloading.1,8 Third, any 
permanent structural or mechanical changes in the 
capsule would take longer than 48 hour to develop.44

The results of the present study should be inter-
preted in the light of several limitations. First, the elec-
tromyographic (EMG) activity of the muscles during 
the ROM measurement was not recorded. This was 
done to simulate the ROM measurements, as they 
will be done in clinics where monitoring EMG activ-
ity during the examination is not the norm. Although 
subject relaxation during the measurements was not 
quantified, the examiner used his 20 years of muscu-
loskeletal clinical experience to subjectively deter-
mine when relaxation was achieved, which parallels 

standard clinical measurement procedures. Muscle 
stiffness measured using the Myotonometer may be 
influenced by subcutaneous tissue thickness. How-
ever, use of a within-subject design means that any 
effect of subcutaneous tissue on muscle stiffness 
measurements is consistent for each subject. Third, 
because participants were young adults without 
shoulder pain, and had no history of participation in 
overhead throwing activities, the results of the study 
should not be generalized to elderly or adolescent 
individuals, to those with shoulder pain, or to over-
head athletes who could have increased humeral tor-
sion or altered scapular position that may influence 
the PST measurements.13,45 

CONCLUSION
The ROM changes that were measured across the four 
tested PST measurements varied after an external 
rotation fatigue protocol. Maximum ROM change was 
measured in a measurement combining GHJ exten-
sion and internal rotation. The results of this study 
might help clinicians to evaluate ROM loss due to 
infraspinatus muscle tightness. However, before the 
clinical use of extension with internal rotation can be 
recommended, further evaluation of this measure-
ment in different populations with known humeral 
torsion and scapular position changes is necessary. 
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