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Background  
Overhead athletes are susceptible to shoulder injuries, among which rotator cuff injuries 
are common and often directly associated with muscle weakness. Therefore, valid and 
reliable measures of rotator cuff strength at sport specific positions may be a vital part of 
sports physical therapy practice. 
Purpose: The current study aimed to determine the inter- and intra-tester reliability of 
measuring shoulder internal rotation (IR) and external rotation (ER) strength at a novel 
testing position, 130° of abduction and compared to the 90°/90° position. A secondary 
aim was to assess concurrent validity between measurements taken with the Humac® 
Norm™ Isokinetic Dynamometer (IKD) and Microfet® 2 hand-held dynamometer (HHD). 

Study Design   
Inter-Rater and Intra-Rater Reliability and Criterion Validity 

Methods  
Twenty-five (n=25) healthy participants were recruited for this study. Exclusion criteria 
included prior shoulder surgery, shoulder injury within the last three months, and 
contraindications to exercise according to ACSM guidelines. Participants performed 
maximal isometric shoulder external and internal rotation strength testing at both 90° 
and 130° of shoulder abduction. On the first day, participants were tested on the IKD at 
both positions, followed by each tester using the HHD. Participants returned 7-14 days 
later for repeat testing using the HHD only. ICC values were calculated for each rater, 
instrument, and testing position. Bland-Altman plots were created to establish limits of 
agreement. Minimal detectable change values were calculated. 

Results  
Inter- and intra-rater reliability for testing isometric strength using a hand-held 
dynamometer was good to excellent for both shoulder positions with ICC values 
consistently above 0.8. Concurrent validity between the HHD and IKD was poor to 
moderate with ICC values ranging from 0.1-0.4. However, Bland-Altman plots 
demonstrated that the difference in strength measures was within the limits of 
agreement. 

Conclusion  
Shoulder IR and ER strength testing at 130° of abduction shows strong inter-rater and 
intra-rater reliability for measurement in sport specific positions. 
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INTRODUCTION 

Shoulder injuries are common in overhead athletes in
volved in sports such as volleyball, baseball, and handball. 
These athletes often subject their shoulders to repetitive, 
high velocity movements that place stress on both the ac
tive and passive structures within the joint.1,2 Much of the 
current research investigating shoulder injuries in over
head sports involves throwing athletes. In throwing ath
letes’ shoulders, during the cocking and deceleration 
phases of throwing, the glenohumeral joint (shoulder) must 
withstand distraction forces up to 120% of bodyweight,3 

and shoulder internal rotation torques between 40-50 New
ton-meters (Nm), respectively.4 Fleisig et al.,5 examined 
the torques placed on the throwing athlete’s shoulder and 
found high levels of internal rotation torque which is 
thought to contribute to the risk of overuse shoulder in
juries. These high forces imparted on the shoulder also 
affect volleyball players during routine hitting maneuvers 
such as spiking and serving. Epidemiological evidence indi
cates that about 8-20% of injuries in volleyball occur at the 
shoulder.1,2,6‑9 Volleyball players are typically afflicted with 
various shoulder pathologies, often resulting from overuse, 
including rotator cuff tendinopathy, suprascapular nerve 
impingement, and labral pathology.2 Despite this, shoulder 
injuries and pathologies in overhead athletes are under
studied when compared to the lower extremities. 
In particular, strength of the rotator cuff muscles’ is crit

ical for overhead athletes to function at a high level as 
deficits in rotator cuff strength have been shown to be asso
ciated with elevated injury risk.7,9 There are various meth
ods to assess rotator cuff strength including the gold-stan
dard, stationary isokinetic dynamometer or the portable, 
cost-efficient, and widely available handheld dynamometer 
(HHD). As with all clinical testing, it is important to have 
valid and reliable methods for assessing strength. While the 
HHD is a clinically effective tool for measuring strength and 
it has been shown to have strong reliability and validity 
with stationary dynamometers, they can be subject to high 
variability due to patient set-up, HHD placement, and pa
tient compliance.10,11 

The majority of studies have performed rotator cuff 
strength testing in a neutral position, 0° of abduction.10,
12 However, when evaluating overhead athletes, it is more 
common to also assess rotator cuff strength in more “sport 
specific” positions such as the 90°/90° position which in
volves 90° of abduction and elbow flexion.13‑15 While mea
surements taken in the 90°/90° position are easily replica
ble and have high reliability and validity,13‑15 a significant 
limitation is that it does not best capture the positional 
strength for overhead athletes who perform their sport in 
greater degrees of shoulder abduction. Volleyball players, 
for example, perform front row attacks, serves, and over
head hits between 116°-130° of shoulder abduction, and 
approximately 90° of shoulder external rotation (ER).4,16 

Along with the range of motion demands, the shoulder 

undergoes high angular velocity of IR, reaching at times 
2594°/sec, which generates exceedingly high ball spiking 
speeds around 15.5 m/s.4 Due to the high demand that vol
leyball players place on their shoulders, it is pertinent to 
develop strength testing methods to more accurately reflect 
the positioning of the upper extremity during sport perfor
mance. Establishing a more sport-specific testing position 
would also assist in identifying risk factors for shoulder in
juries throughout a season and potentially assist in injury 
prevention programming. 
Therefore, the purpose of this current study was to de

termine the inter- and intra-rater reliability of measuring 
shoulder internal rotation (IR) and external rotation (ER) 
strength at a novel testing position, 130° of abduction and 
compared to the 90°/90° position. A secondary aim was 
to assess concurrent validity between measurements taken 
with the Humac® Norm™ Isokinetic Dynamometer and Mi
crofet® 2 hand-held dynamometer (HHD). 

METHODS 

PARTICIPANT RECRUITMENT 

After receiving approval from the Institutional Review 
Board at the medical institution, twenty-five (n=25) 
healthy, active participants were recruited from an outpa
tient sports medicine facility. A power analysis was con
ducted prior to data collection. A sample size of 25 subjects 
was considered to sufficiently power for the study. 
All participants were recreationally active and between 

18-50 years old. Participants were excluded if they had ex
perienced shoulder pain in the prior three months, previous 
shoulder surgery, or contraindication to exercise as out
lined by the ACSM guidelines.17 An electronic informed 
consent form was read, reviewed and signed prior to any 
performance testing. All data was blinded and stored on 
a secure database, REDCap® (Vanderbilt University, 
Nashville, TN) electronic data capture tools.18 

INSTRUMENTATION 

Testing equipment included the Humac® Norm™ (CSMi, 
Soughton, MA) isokinetic dynamometer (IKD) and the Mi
crofet® 2 HHD (Hoggan Scientific LLC, Salt Lake City, UT). 

TESTING PROCEDURE 

On testing Day 1, participants performed a five-minute 
warmup on an upper body ergometer at a self-selected in
tensity and demographic data including height, weight and 
arm length, measured from the lateral epicondyle to the 
head of the 3rd metacarpal, was obtained. 
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Figure 1. Testing position on the Humac® Norm™ IKD        
for measuring isometric shoulder IR and ER strength         
at the 90°/90° position.     

ISOMETRIC TESTING USING THE ISOKINETIC 
DYNAMOMETER 

The participants were then tested on the IKD and randomly 
assigned to begin with the right or left shoulder. The par
ticipants were positioned by both Tester 1 and 2 together 
in a seated position on a foam pad, spine flat against a 
24-inch plyo box, and legs supported by a foam roller and 
positioned close to the IKD arm so that their arm was in 90° 
of both elbow flexion and shoulder abduction while holding 
onto the handle attachment (Figure 1). These angles were 
verified by goniometric measurement by both testers. Test
ing began with one familiarization rep at approximately 
75% maximal voluntary contraction (MVC), patient deter
mined, for shoulder IR, prior to a 20 second rest period. The 
participant was instructed to maintain their scapulae flat 
on the box, hips on the ground and contralateral arm over 
the testing shoulder while performing the isometric con
traction. This was then repeated for three maximal effort 
trials of three second contractions, followed by a 20 second 
rest period between reps. This process was again performed 
for shoulder ER, prior to the arm being elevated to 130° 
of abduction following the same testing procedure above, 
for shoulder ER and IR. The other shoulder was tested fol
lowing the already described procedure. Consistent verbal 
encouragement was provided to the participant during the 
testing. The average peak torque of the three repetitions 
which was converted to Newtons via  and 
was used for analysis to compare to the HHD, which outputs 
force in Newtons. 

Figure 2. Testing positions for HHD at 130 degrees of         
abduction.  
Figure 2a. testing position for isometric shoulder IR with the HHD at 130 degrees abduc
tion. Figure 2b. testing position for isometric shoulder ER with the HHD at 130 degrees 
abduction. 

ISOMETRIC TESTING USING THE MICROFET® 2 HHD 

Following testing on the IKD, the subject was given five 
minutes of rest. They were randomly assigned to test with 
Tester 1 or 2 and randomly assigned which shoulder would 
be tested first. Each tester independently positioned the 
patient relative to the wall, in the same position described 
above see Figure 2a and b, provided stabilization to the box 
for support, and verified shoulder position with goniomet
ric measurement. For testing IR, the HHD was placed in the 
palm of the subject’s hand. For testing ER, the dynamome
ter was secured to the back of the subject’s hand. The par
ticipant began by testing shoulder IR at the 90°/90° posi
tion with one familiarization repetition, followed by three 
maximal effort contractions for three seconds, followed by 
20 seconds of rest in between repetitions. The patient was 
allowed to rest their arm down between repetitions to avoid 
fatigue effects. The patient was then tested for shoulder 
IR at 130° of abduction following the same process. This 
was then repeated for shoulder ER, before switching arms. 
Following testing of both arms, the participant was then 
tested by the other tester, following the same procedure as 
outlined above. Data were collected for the three maximal 
effort contractions and averaged to find the peak average 
force. 
On testing Day 2, which occurred 7-14 days after the ini

tial testing, the participant was instructed to warmup again 
on the upper body ergometer. Testing on the IKD was not 
performed on Day 2, rather only HHD was performed by 
each tester. The participant was again randomly assigned to 
a tester and which shoulder to be tested first. The testing 
procedure was the same as described in the prior paragraph. 
For further details regarding the testing protocol, consult 
with the Figure 3 flow diagram. 

STATISTICAL ANALYSIS 

Intraclass correlation coefficients (ICCs) were calculated to 
determine reliability and validity of isometric strength 
measurements from a novel, sport specific testing position 
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Figure 3. Flow diagram outlining the testing protocol       
utilized in the current study.      

between a stationary IKD and an HHD and between a novice 
and experienced physical therapists (one and five years of 
experience respectively) using only the HHD. The general 
guidelines for interpreting ICCs are as follows: values less 
than 0.5 indicate poor reliability, values between 0.5 and 
0.75 indicated moderate reliability, values between 0.75 
and 0.9 indicate good reliability, and values exceeding 0.9 
indicate excellent reliability.19 In addition, the limits of 
agreement between measurements from the two testing 
devices were evaluated using Bland-Altman plots. Addi
tional analyses involved quantifying responsiveness of test
ing strength in this novel position by calculating the min
imal detectable change. Statistical analysis was performed 
using BlueSky Statistics version 7 (BlueSky Statistics LLC, 
Chicago, IL). 

RESULTS 

PARTICIPANT DEMOGRAPHICS 

Twenty-five participants completed the full testing battery. 
The average age of the participants was 27 years old (± 4.4 
years) with 13 subjects being male and 12 being female. 
All participants were healthy without a history of shoulder 
surgery or contraindications to exercise as outlined in the 
inclusion criteria. 

RELIABILITY 

Inter-rater reliability demonstrated a strong relationship 
and overall good to excellent agreement. This was true dur
ing both Day 1 and Day 2. The ICC values and standard de
viations (SD) can be seen in Table 1. Intra-rater reliability 
was also strong between the experienced (Tester 1) and 

novice (Tester 2) clinicians with good to excellent agree
ment. 

CONCURRENT VALIDITY BETWEEN TESTING METHODS 

There was moderate to poor agreement between the HHD 
and IKD for isometric strength testing in all testing posi
tions and both limbs. The ICC values for shoulder ER at 
90° was 0.296 and 0.449 on the right and left shoulders re
spectively. The ICC values for shoulder IR at 90° was 0.405 
and 0.331 on the right and left shoulders respectively. The 
ICC values for shoulder ER at 130° was 0.192 and 0.321 on 
the right and left shoulders respectively. The ICC values 
for shoulder IR at 130° was 0.413 and 0.368 on the right 
and left shoulders respectively. This data is summarized in 
Table 1. 
Bland-Altman plots were created as a method of qualita

tive analysis of the concurrent validity and agreement be
tween testing methods.20 These plots for each testing po
sition can be observed in Appendix 1. To summarize these 
plots, HHD measurements consistently reported greater 
strength measurements compared to the IKD. For shoulder 
ER strength at 90° of abduction, the HHD strength mea
surements were greater by between 11-20 newtons (N). For 
shoulder IR strength at 90° of abduction, the HHD strength 
measurements were greater by 36-37N. For shoulder ER 
strength at 130° of abduction, the HHD strength measure
ments were greater by between 15.6-19.4N. For shoulder IR 
strength at 130° of abduction, the HHD strength measure
ments were greater by between 34.7-39.7N. A summary of 
these average strength differences between devices can be 
observed in Table 2. 

RESPONSIVENESS 

In addition to reliability measures, responsiveness mea
sures were calculated with minimal detectable change 
(MDC). These values for each shoulder position are listed in 
Table 1. 

DISCUSSION 

The current study’s purpose was to determine the inter-
rater and intra-rater reliability of using HHD measurements 
of rotator cuff strength at 90° and 130° of abduction as well 
as the concurrent validity of HHD compared to the IKD. The 
results indicate good to excellent agreement for intra- and 
inter-rater measurements. This demonstrates that hand-
held dynamometry is a reliable measure between sessions 
and clinicians to measure shoulder RC strength at both 
90° and 130° degrees of abduction. The results are consis
tent with the current body of research indicating that us
ing HHD to quantify rotator cuff strength is reliable within 
and between raters.13,15 Two studies13,15 previously have 
assessed the 90° of abduction position and other common 
positions to measure shoulder strength. Based on the liter
ature review, no study prior to this has assessed the ability 
to reliably measure rotator cuff strength at 130° of abduc
tion. The results indicate that clinicians of multiple experi
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Table 1. Reliability and Concurrent Validity of shoulder strength testing in 90° and 130° of abduction. Values are                 
listed as inter-class correlation coefficients (ICC) unless noted.         

Right 
shoulder Position 

Inter-
Rater 
Session 1 

Inter-
Rater 
Session 2 

Intra-
Rater 
Novice 

Intra-
Rater 
Advanced 

Inter-
Methods 

Minimal 
Detectable 
Change (N) 

External 
rotation at 
90° 0.882 0.933 0.872 0.904 0.296 17.07 

Internal 
rotation at 
90° 0.942 0.958 0.850 0.868 0.405 76.16 

External 
rotation at 
130° 0.918 0.934 0.875 0.894 0.192 38.77 

Internal 
rotation at 
130° 0.933 0.971 0.886 0.877 0.413 83.65 

Left 
shoulder Position 

Inter-
Rater 
Session 1 

Inter-
Rater 
Session 2 

Intra-
Rater 
Novice 

Intra-
Rater 
Advanced 

Inter-
Method 

Minimal 
Detectable 
Change (N) 

External 
rotation at 
90° 0.937 0.926 0.786 0.899 0.449 31.76414 

Internal 
rotation at 
90° 0.926 0.905 0.920 0.854 0.331 60.33209 

External 
rotation at 
130° 0.932 0.936 0.849 0.897 0.321 10.27907 

Internal 
rotation at 
130° 0.870 0.934 0.838 0.764 0.368 38.09581 

Table 2. Bland-Altman Analyses of method agreeability between HHD and IKD measurements. Values listed are              
the average difference in force measured in Newtons. Negative values indicate that the HHD measured force                 
greater than what was measured on the IKD.         

Bland-Altman Analyses 

Position Left Shoulder Mean Difference (N) Right Shoulder Mean Difference (N) 

ER at 90 -11 (-17.77, -4.31) -20.4 (-26.34, -14.40) 

IR at 90 -36.5 (-46.47, -26.58) -37 (-47.27, -26.74) 

ER at 130 -15.6 (-21.27, -9.96) -19.4 (-26.63, -12.17) 

IR at 130 -34.7 (-42.47, -26.97) -39.7 (-49.53, -29.92) 

ence levels can reliably measure ER and IR strength in the 
130 degrees of abduction position. This is consistent with 
a study performed by Roy et al.10 who found a high de
gree of reliability when testing shoulder flexion and exten
sion strength at 140° of abduction as well as rotator cuff 
strength at 90°. In terms of responsiveness, this study es
tablishes a minimal detectable change for shoulder rotator 
cuff strength in this testing position. However, these val
ues for MDC may be larger in the normal population sam
ple with large standard deviation between subjects, and dif
ferent results may occur in an athletic population whose 
shoulder strength measures may be more similar to each 
other. 

The agreement between the hand-held measurements 
and IKD was moderate to poor. The HHD consistently over
estimated rotator cuff strength when compared to the sta
tionary dynamometer. HHD and stationary dynamometers 
have been compared previously and show moderate to 
strong correlations when examined in the lower extremity. 
Hirano et al. compared knee extensor strength between 
devices and found ICC’s greater than 0.7521. Muff et al. 
also examined the ability to measure quadriceps and ham
strings strength between HHD and stationary dynamome
ters with the ICC’s ranging between 0.72-0.87.21 Additional 
studies have examined concurrent validity of shoulder ER 
and IR strength, and this has been previously reported to 
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be 0.664-0.792),15 0.65-0.82,22and 0.45-0.8112 demonstrat
ing moderate to strong agreement between devices at the 
90°/90° and standard neutral positions.12,15,22 Although 
the present study demonstrated moderate to poor agree
ment between the devices, the Bland Altman plots display 
no inherent, systematic biases in the measurements. This 
implies that the devices should not be used interchange
ably. The differences seen in measurement between devices 
may be related to patient comfort during testing, for exam
ple the arm being tested on the IKD was freely hanging, as 
compared to the HHD testing setup where the participant 
was able to brace their arm on the wall. 
The positions of measurement for this testing protocol 

were chosen to be easily reproducible in a clinic setting. 
Previous studies assessing rotator cuff strength at 90° of 
abduction are often performed in the supine position,15,22 

as well as in a standing position.12 Rotator cuff strength has 
also typically been assessed in the scapular plane of mo
tion.10,12 The testing protocol in this current study was de
signed to avoid compensatory trunk involvement (i.e. trunk 
flexion for IR and trunk extension for ER) during shoul
der force production, which may artificially inflate the force 
generated. The results demonstrate strength was reliably 
measured within and between raters. This indicates that 
this position can be considered when assessing shoulder ER 
and IR strength, potentially testing at both the 90°/90° po
sition and the 130° of abduction position. 

LIMITATIONS 

There are several limitations to the study design. First, 
the participant sample was not a random selection, but a 
convenience sample. This sample included young to mid
dle-aged, active individuals without a history of shoulder 
surgery or current shoulder pain. This limits the general
izability of these procedures when assessing patients with 
current shoulder pain or dysfunction. 
The testing position selected for this study included the 

use of a 24-inch plyo box to stabilize the participant’s 
spine. Depending on the length of the individual’s torso, 
this may have affected the participant’s ability to produce 
force related to how much surface area of the participant’s 
torso was along the box. 
There was also a risk for an order or learning effect as 

the participant performed testing on the IKD prior to the 
HHD. It is possible that as participants gained experience 
with the testing positions, they produced more force. Addi
tionally, there is a possibility of a fatigue effect, with HHD 
measurements possibly being artificially lower due to al
ways being tested second. However, previous research on 
learning effects on the Y-Balance Test has shown that re
sults plateau after six repetitions.23 While this is a differ
ent testing procedure, it is reasonable to extrapolate given 
that each participant performed over 10 repetitions in each 
position for each shoulder in the study design, any learning 
effects are likely negated by the protocol. To combat fa
tigue, a 5-minute break was instituted between testing of 
the IKD and HHD. Rest time between repetitions was also 

instituted between repetitions, similar to previously pub
lished protocols.10,12 

Another limitation is the use of a single familiarization 
trial with each testing medium and position. This was cho
sen to also combat the effects of fatigue and complete each 
testing session in a timely manner. However, with only a 
single familiarization trial, the possibility of a learning ef
fect across a participant’s testing increases, as well as a 
higher variability in results as testing positions become 
more known. Future studies could remedy this by having a 
separate familiarization session so that all participants are 
exposed to the testing procedure prior to data collection. 
There was also risk of bias as Tester 1 recorded the HHD 

data while Tester 2 performed testing and vice versa. In or
der to combat this, data were recorded on different RED
Cap® columns that were hidden from the recorder as soon 
as the data was recorded. Although the results were not 
hidden from the recorder before testing, with the amount of 
data collected, it is unlikely the testers could memorize the 
previously recorded data. Care was also taken to avoid this 
bias through randomization of which tester would conduct 
HHD first. 

FUTURE DIRECTIONS 

Future research should focus on furthering the ability to 
reliably measure rotator cuff strength in these positions 
for overhead athletes, notably volleyball players. This cur
rent data also allows the ability to track strength changes 
throughout seasons for volleyball athletes and this should 
be considered. These measurements could also be applied 
across seasons and cohorts to determine correlations to in
jury occurrence and metrics of performance. Howard et al. 
measured torques at the shoulder to be 44 N-m due to in
ternal rotation (IR) and 63 N-m for horizontal adduction 
during a volleyball spike.6 Due to these high torque values, 
exploring strength measurements across a season can give 
necessary information that would inform programming to 
prevent or reduce injury risk. Isometric strength has already 
been used in baseball populations to help track these met
rics. Testing in more sport-specific positions, such as 130° 
of abduction for volleyball, can assist in more accurately 
identifying pertinent deficits. 

CONCLUSION 

The results of this current study demonstrate shoulder IR 
and ER isometric strength testing in 130° of abduction can 
be done with excellent inter and intra-rater reliability. The 
current testing protocol had fair, or poor to fair, agreement 
compared to the gold standard IKD. Therefore, results be
tween the two measurement devices, although reliable, are 
not valid comparisons (should not be used interchange
ably). More research is also needed to determine if clini
cians can reliably measure strength in these positions in 
both injured and healthy overhead athletes. 
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