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Abstract  The shoulder is vulnerable to injury and dislocation in a variety of sports. A new physical performance 
test (PPT) is presented: The Sitting Apprehension Throw Test (SATT), which assesses power of the shoulder in the 
90/90 position and readiness to return to sport. This pilot study determines the intra and inter-rater reliability of the 
SATT in a healthy adult population.18 male military volunteers were assessed by experienced physiotherapists. A 
test-retest design was used with 14-day intervals between sessions. The participant was seated with their arm resting 
on a plinth in the 90/90 position. A 2kg weighted ball was coated in chalk and thrown. Distance thrown was 
measured and repeated three times for each arm. Mean distance was calculated. 18 males, mean age 22 (± 4) had 
mean SATT score 206cm (SD 35), SEM 17cms and MDC90 40cms. There was high interobserver and intraobserver 
reliability with strong correlation between right and left arms (r=0.7)The SATT is reliable and can be used to 
evaluate shoulder power and inform assessment of readiness to return to sport after injury. It is simple, quick and 
easy to perform. 
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1. Introduction 

The shoulder is vulnerable to injury and dislocation in a 
variety of sports and is a commonly injured site for 
military personnel [1,2,3,4,5]. Workplace demands such 
as overhead working, heavy lifting and working in an 
awkward posture also increase risk of shoulder disorders 
[6,7]. Management of shoulder injuries includes rest, 
rehabilitation and surgery, and may result in a significant 
loss of playing time and time out of work [1,2,4,5]. The 
complex mobility of the shoulder joint presents challenges 
to the clinician in assessing when it is appropriate to return 
to training, sport participation and physically demanding 
work after rehabilitation [8,9,10]. There is a clear need for 
objective tests to inform the clinician on the readiness of 
an individual to return to full activities [11]. 

Physical performance tests (PPT) can be used to 
evaluate the performance capacity of an individual’s upper 
extremity and guide rehabilitation after injury 
[10,11,12,13]. To the authors’ knowledge, there is no 
reliable clinical test than can assess shoulder function and 

power, with the shoulder in a position of combined 
abduction and external rotation, the ‘at risk’ position for 
anterior shoulder dislocation. Measurement of power in 
this position is important as it mirrors the soft tissue 
mechanics of the deltoid and rotator cuff during overhead 
activities and sports [14]. The throwing motion requires a 
high level of muscle activation, generates an extraordinary 
demand upon the shoulder joint, and utilises both the 
static and dynamic stabilises of the shoulder [5,15]. 

The authors present a new PPT: The Sitting 
Apprehension Throw Test (SATT). This tests the ability of 
an individual, in a seated position, to throw a weighted ball 
with the shoulder in a starting position of 90° of abduction 
and 90° of external rotation (90/90 position). It measures 
the explosive power of the shoulder, required in many 
sports and activities. This simple yet informative test can be 
conducted in a clinical setting, using minimal equipment 
found in any rehabilitation department. The primary 
objective of this pilot study was to determine the intra and 
inter-rater reliability of the SATT, in a healthy adult 
military population. We hypothesised that the SATT would 
be a reliable test with good intra and inter-rater reliability. 
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2. Materials & Methods 

2.1. Study Design  
The study was approved by the local ministry of 

defence research committee. Male military volunteers 
were sought from a local base affiliated with the hospital. 
This population was selected due to the high incidence of 
shoulder pathology in this population and the high 
physical demands required as part of their training. 
Participants were excluded if they had a diagnosis of 
shoulder pathology which included shoulder instability, 
joint hypermobility, labral tear, rotator cuff tear or fracture 
of the shoulder. Other exclusion criteria included history 
of shoulder pain in the preceding 6 months, current 
treatment of or previous surgery on the shoulder, neck or 
spine.  18 male volunteers took part in this study. A power 
analysis was conducted based on detecting an intraclass 
correlation coefficient (ICC) of 0.85, tested against a null 
hypothesis of 0.60, with a significance level (α) of 0.05 
and desired statistical power of 0.80. A minimum of 18 
participants was deemed sufficient to achieve the target 
power for both intra-rater and inter-rater reliability 
assessments [16,17]. 

All participants watched an instructional video and 
were given a presentation with an information leaflet on 

how to perform the test. Following this, all volunteers 
provided written informed consent for participation in the 
study and were blinded to the results. 

A test-retest design of the SATT was conducted with an 
interval of fourteen days between each test session. Inter 
and intra-rater reliability were investigated during and 
between the sessions. Both examiners were physiotherapists 
with more than 11 years of clinical experience. 

2.2. Equipment & Set-Up  
A 2kg weighted ball (Thera-band soft weight, 

Theraband, Akron, Ohio, USA) was used. This weight 
was chosen as a standard weight commonly available in 
rehabilitation units. Climbers chalk (magnesium carbonate) 
was used to coat the weight and measurements taken from 
the mark this made on the floor once thrown. An 
adjustable height plinth was used to stabilise the 
participant’s arm. To ensure this was standardised 
between participants and throws, tape was used to mark 
10cm from the end of the centre of the plinth which acted 
as the point of positioning for the arm on the plinth. A 
reference point on the floor directly below the centre of 
the front edge of the plinth was made to enable accurate 
measurement of throw length (Figure 1b &Figure 1c). 

1a  

1b 

Figure 1 a & b). Participant positioning for the SATT 
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1c 
Figure 1 c). Measurement of throw length for the SATT. SATT: Sitting Apprehension Throw Test 

2.3. Test Positioning  
The SATT was performed with the participant 

positioned sat adjacent to the plinth with knees in 
extension to facilitate neutral positioning of the spine. All 
participants in this study were able to achieve this sitting 
position but if not, a comfortable sitting position with 
knees bent and the spine maintained in neutral position 
would be acceptable. The shoulder of the upper limb being 
tested was placed in 90° abduction and 90° of external 
rotation (Figure 1a). The plinth height was adjusted to 
enable the participant to place their upper arm to rest on 
the centre of the tape marker positioned across the width 
of the plinth (Figure 1b). By fixing the arm on the plinth, 
it created standardisation between participants of the 
starting position of the throw. To prevent trunk rotation, 
participants were asked to place their opposite palm on the 
corresponding anterior thigh and to maintain this position 
throughout. This test position limited compensatory trunk 
involvement during shoulder power production, which 
could otherwise artificially increase power produced.  

2.4. Warm-up  
Prior to the test, each participant undertook a dynamic 

warmup protocol informed by previous work [18]. In the 
test position, the participant undertook 30 seconds of 
shoulder internal/external rotation slowly through range 
(in the 90/90 position) using the 2kg weighted ball. 
Immediately following this, a familiarisation trial was 
undertaken where participants performed three throws at 
between 50 % and 75% of their maximum effort. Warm- 

up exercises conducted at increasing but less than full 
capacity has been shown to improve performance when 
assessing throwing power [19]. 2 minutes rest was then 
observed before proceeding with the test. This time period 
was chosen as it has been shown to avoid a significant 
decrease in throwing power output [20].   

2.5. Performing the Test 
With the prepared 2kg weighted ball in the throwing 

hand, the participant was asked to externally rotate the 
shoulder as far as possible and to hold this position for a 5 
second count to decrease the stress reflex and as 
standardisation between participants. The participant was 
then instructed to throw the weighted ball with maximal 
effort, forwards as far as possible, whilst maintaining the 

test position. Three throws were undertaken with 2-minute 
rest between each throw to mitigate against fatigue [13]. 
The mean distance of the three throws was calculated and 
used as the score for the SATT.  Each participant 
performed the SATT test once with each examiner per 
session. 

The measurement of throw length was taken between 
the reference point on the floor measured to the closest 
point of the chalk print made during the landing of the 
weighted ball (distance B). 10 centimetres is added to this 
value to account for the distance marked by the tape on 
the plinth (distance A, Figure 1b). Any throws that 
deviated from the established protocol were disregarded, 
and the attempt was repeated.  

2.6. Statistical Analysis   
Results were presented as continuous variables, mean 

and standard deviation (SD). Inter and intra observer 
reliability were assessed using intraclass correlation 
coefficients (ICC2k) and categorised as follows: perfect 
reliability (0.90-0.99), very high reliability (0.70-0.89), 
high reliability (0.50-0.69), moderate reliability (0.26-
0.49), or low reliability (0.00-0.25) [21]. Standard error of 
measurement (SEM) and the minimal detectable change 
(MDC) were also calculated. Correlation analyses were 
conducted using Pearson correlation coefficient (r) and 
categorised as either weak (<0.5), moderate (0.5-0.7), or 
strong (>0.7) [22]. All statistical analyses were performed 
using Stata 15 (Stata Statistical Software: Release 15. 
College Station, TX: StataCorp LLC) and R (R Core 
Team (2021). R: A language and environment for 
statistical computing. R Foundation for Statistical 
Computing, Vienna, Austria).  

3. Results 

Eighteen male volunteers participated in the study with 
a mean age of 22 (± 4.0 years), mean height of 180.5cm (± 
5.8), and mean weight of 82.8kg (± 5.5). The mean SATT 
score was 206cm (SD 34.8), SEM was 17.4cms and 
MDC90 was 40.2cms (Table 1). The SATT was found to 
have very high interobserver reliability, with mean ICC2K 
0.83 (SD 0.07) and high intraobserver reliability ICC2k 
0.68 (SD 0.08). There was strong correlation between 
right and left arms (r = 0.71), see Figure 2.  
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Table 1. Results of the SATT  

Side SATT 
performed on n Mean (range) SD SEM MDC90 

Left 
Right 

Left & Right 

72 
72 
144 

204.3 (113.7-319.0) 
208.7 (124.7-323.0) 
206.5 (113.7-323.0) 

35.3 
34.6 
34.9 

17.4 40.2 

n: number of times test performed 
SD: Standard deviation 
SEM: standard error of measurement 
MDC90: Minimal Detectable Change 
Min: Minimum  
Max: Maximum 

 
Figure 2. Distribution and correlation matrix for the left and right SATT 
results. Distribution plots show the density of results against distance 
thrown (cm). Scatter plot shows individual distance thrown between left 
and right tests with best fit line, 95% confidence intervals and correlation 
coefficient (r) 

4. Discussion 

The current study’s purpose was to determine the intra 
and inter-rater reliability of a novel technique, the SATT, 
to assess shoulder power in a healthy adult population. 
The results indicate high intra- and inter-rater reliability. 
The SATT is therefore a reliable measure of shoulder 
power between sessions and clinicians. To the authors’ 
knowledge, no prior studies have been conducted 
specifically assessing power of the shoulder in the 90/90 
position. Therefore, direct comparisons with related 
reports in the literature are difficult.  

The ASH Test has been shown to be a reliable tool in 
measuring upper limb force production and assessing 
readiness to return to high-intensity activity [23]. This test 
involves the participant placing their arm in the ‘I’, ‘Y’ 
and ‘T’ positions to assess force applied through a 
handheld dynamometer (HHD). However, these test 
positions have limited applicability for overhead activities.  

The 90/90 position of the shoulder is the position in the 
late cocking phase of throwing in many overhead 
activities and sports. It is also the position of maximal 
vulnerability to anterior shoulder dislocation. This 

position places significant demand on the rotator cuff and 
superior labrum, and results in tensile loading of the 
anteroinferior capsule [24,25]. The forceful internal 
rotation required in throwing requires effective muscle 
activation of the shoulder gridle [14].  Rotator cuff 
coordination and control prevents excessive movement of 
the humeral head and reduces stress on the anterior 
shoulder stabilisers [26]. This complex interplay 
highlights the importance of testing the shoulder in the 
90/90 position, when assessing readiness to return to 
overhead sport and activities.  

Several studies have investigated the production of 
shoulder force in this 90/90 position [27,28,29,30,31]. The 
gold standard method to assess force is using an isokinetic 
dynamometer. Whilst this test is reliable, it is expensive, 
cumbersome, time consuming and requires technical 
expertise [31]. A smaller more cost-effective HHD can be 
used as an alternative, but results can be subject to 
variability due to patient set-up, tester strength, placement 
of device and patient compliance [31,32,33]. However, 
when standardisation factors are implemented, 
contemporary literature suggests that HHD is a reliable 
tool [9,27,31,33]. These elements of standardisation have 
been incorporated into the SATT and have likely 
contributed to its reliability. However, in contrast to using 
an HHD, the SATT does not require specialist equipment 
and is therefore cheaper, easier to perform and interpret.  

Positioning of participants in previous studies is 
variable. Many have placed the participant supine [27,34] 
(which is artificial and does not replicate the natural 
throwing position) or standing [29] (which does not control 
for the contribution of the trunk to the kinetic chain). The 
lower limbs and trunk are known to significantly contribute 
to generation of power in throwing [35]. For this reason, the 
SATT adopted a seated position with the arm fixed on a 
plinth. This allowed for standardisation between tests and 
controlled the contribution of the trunk and legs to the 
kinetic chain of throwing.  

Whilst muscle strength is a key component of athletic 
performance, both strength and power are required to 
conduct high performance overhead activities [36,37]. 
Power is the product of force and velocity, the rate at 
which work is performed [38]. Assessment of power is 
crucial to fully assess performance and readiness to return 
to activities. However, measurement of shoulder power is 
challenging. It involves expensive, complex equipment 
and time-consuming analysis [38,39]. The development of 
the SATT aimed to address this by designing a test that 
assed power but was easy to conduct, using equipment 
readily available in the typical rehabilitation setting. 
Increased shoulder power has been shown to result in 
increased ball-throwing distance and this simple principle 
was used as the assessment of power in the SATT 
[38,40,41,42]. 

4.1. Interpreting the SATT 
Studies have shown that there is up to 10% higher 

performance in the dominant arm in throwing activities 
compared to the non-dominant arm [13,24,25]. However, 
our study found minimal variation between the dominant 
and non-dominant arms (0.32%) when performing the 
SATT. This suggests that the SATT could be employed to 
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assess the power in both the injured and uninjured arm. 
Repeatable results in the injured arm equivalent to the 
uninjured side could indicate that the individual is safe to 
return to sporting activities. Results could also be recorded 
and plotted during the rehabilitation process to inform the 
clinician and patient on progress which would be both 
reassuring and motivating. Whilst a single test should not be 
used in isolation to evaluate the readiness of an individual to 
return to sport, the SATT can offer valuable information to 
contribute to this decision-making process [43]. 

4.2. Limitations 
This pilot study is inherently limited by the small 

sample size with narrow patient demographics but is 
adequately powered. Promising results were achieved in 
this healthy young adult male population, but caution 
should be taken when interpreting the results and 
attempting to generalise them. Our study population 
contained no female participants, did not include adults 
above the age of 26 years, nor any participants with 
shoulder pathology. Participants with differing 
demographics to our study population may have had 
different results. However, the SATT has demonstrated 
promising initial results, and this study should be used to 
inform the design of future larger-scale studies.  

4.3. Future Directions 
Larger randomised studies, with broader population 

demographics, should be conducted to further assess the 
reliability of the SATT. Validity of the SATT should be 
investigated by comparing it with similar tests of shoulder 
strength in the 90/90 position, for example with isokinetic 
dynamometry. Following this, the SATT could be more 
widely adopted in the field of rehabilitation to inform 
readiness to return to sport and activities after injury. The 
SATT could also be used to track power throughout a 
season of sport and correlate with injury occurrence and 
performance.  

5. Conclusion 

The SATT is a reliable PPT that can be safely used to 
evaluate shoulder power and inform assessment of 
readiness to return to sport after rehabilitation. It is simple, 
cheap, quick and easy to perform, using equipment 
already available in clinic. The scores are easy to interpret 
and have limited measurement error.   
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