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1. Introduction
Assessment of  shoulder muscle strength plays a crucial 
role in clinical practice and research and is frequently 
applied in both athletic (Fontánez et al., 2023) and 
pathological (Schrama et al., 2014) contexts. It is used to 
evaluate intervention effectiveness (Padulo et al., 2020) 
and quantify impairment. Numerous measurement 
protocols with varying levels of  reliability are available. 
However, despite the increased risk of  shoulder prob-
lems in wheelchair users with spinal cord injury (SCI), 
protocols adapted to this population are rare. As SCI 
directly affects trunk control, adapted strength assess-
ment protocols with adequate reliability are required. 
Therefore, our goal was to evaluate a multidirectional 
shoulder strength assessment protocol adapted specifi-
cally for wheelchair users with SCI. Key considerations 
in the development of  the Shoulder Isometric Force 
Test (SHIFT) protocol included minimizing lever arms, 
stabilizing the trunk, enabling testing in the individual’s 
personal wheelchair, reducing setup complexity, while 
ensuring adequate standardization. The purpose of  
this study is to investigate the intra- and inter-rater 
reliability of  the SHIFT protocol.

2. Methods
This reliability study was conducted in the movement 
laboratory of  Swiss Paraplegic Research in Nottwil, 
Switzerland between February and April 2025. Healthy 
volunteers with pain-free shoulders participated in 
three strength measurement sessions, each separated 

by 48 h. Two sessions were conducted by tester A 
and one by tester B. Isometric shoulder abduction 
(ABD), adduction (ADD), flexion (FLEX), extension 
(EX), internal rotation (IR), external rotation (ER), 
and a combined abduction and external rotation 
task (ABD+ER) were assessed using a dynamometer 
(LSB350, Futek, USA) fixed to a wall-mounted rail. 
Each direction of  movement (DOM) was tested three 
times with a 5 s maximal isometric hold followed by 
30 s rest. Participants were seated in a wheelchair with 
their upper body manually fixated. Arm and body 
position, device placement, instructions, warm-up, 
familiarization and encouragement were standardized. 
Testers and participants were blinded to the results. 
Raw force data were collected and mean isometric 
torque was calculated over a 2 s window centred within 
the force application period and averaged across rep-
etitions. Relative inter- and intra-rater reliability were 
assessed using inter-class correlation coefficients (ICC). 
Absolute reliability was quantified as minimal detect-
able change (MDC) and reported as MDC% relative 
to the mean torque of  test and retest. Measurement 
error was further evaluated using Bland-Altman plots 
and comparison of  limits of  agreement (LoA) with 
the spreads of  scores.

3. Results and discussion
A total of  20 participants (mean age: 36 ± 3 y, height: 
170.8 ± 10.0 cm, weight: 70.6 ± 10.9 kg; 10 females) 
were included in the analysis.
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Relative reliability across most DOMs and rater con-
ditions was good to excellent, with ICCs (95% CI) rang-
ing from 0.92 (0.79-0.97) to 0.98 (0.96-0.99). Absolute 
reliability, expressed as MDC% ranged from 11.6 to 
28.9%. Only inter-rater reliability for EX was lower, 
demonstrating moderate to excellent reliability (ICC 
of  0.82 (0.54-0.93)) and an MDC% of  41.9%. Ratios 
between the LoA and the spread of  means were lower 
than 0.50 for ABD+ER, ADD, IR and ER. In con-
trast, higher ratios were observed for ABD, FLEX and 
particularly EX. The Bland-Altman plot for intra-rater 
ABD and ABD+ER is shown in Fig. 1.

Overall, most DOMs demonstrated high relative 
intra- and inter-rater reliability, except for inter-rater 
EX. The SHIFT protocol therefore provides a robust 
framework for multidirectional shoulder strength 
assessment tailored to wheelchair users and applicable 

in research and applied contexts. High relative reli-
ability supports group-level comparison and inter-
individual ranking. However, as measurement error 
differed between DOMs, precision at the individual 
level also varied. DOMs with lower measurement error 
(ABD+ER, ER, IR, ADD) appear particularly suitable 
for individual monitoring, whereas others (ABD, FLEX, 
EX) may be more appropriate for research and group-
level comparisons. Consequently, caution is warranted 
when interpreting small individual changes.

Only ABD+ER and intra-rater ER, demonstrated 
MDC% values below the predefined 15% threshold. As 
no established minimal clinically important difference 
exists for shoulder strength, this threshold was adopted 
based on previous literature (Sørensen et al., 2021). For 
context, strength changes reported in intervention stud-
ies often exceed this threshold (e.g. ER improvements 

Figure 1: Bland-Altmann plots for intra-rater analysis of (a) shoulder 
abduction and (b) combined shoulder abduction and external rotation 
strength. Measurement unit: Nm. SD: standard deviation.
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ranged from 14.5 to 32.7% across training and surgical 
interventions), suggesting that the observed reliability 
thresholds are within a range relevant to clinically 
meaningful changes.

The potential and clinical relevance of  the combined 
testing of  shoulder external rotation and abduction has 
still to be evaluated.

4. Conclusions
The SHIFT protocol demonstrates robust relative reli-
ability for multidirectional isometric shoulder strength 
assessment and supports group-level comparisons, 
supporting its application in wheelchair users with 
SCI. However, variability in absolute reliability limits 
sensitivity for detecting small individual changes and 
requires cautious interpretation in clinical and sports 
settings. The higher absolute reliability of  the ABD+ER 
measure suggests potential utility for monitoring clini-
cally meaningful strength changes.
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