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Background  
Proprioception is crucial for shoulder stability, yet clinical methods for assessing all 
aspects, particularly the sense of force (SOF) -the ability to perceive, interpret, and 
reproduce force at a joint-are limited. The purpose of this study was to test a new SOF 
protocol with a handheld dynamometer (HHD) and examine its agreement with an 
isokinetic dynamometer (IKD), as well as its reliability and the effect of contraction 
intensity. 

Design  
Cross-sectional measurement study. 

Methods  
Fifty-one healthy participants were assessed for SOF using an Isokinetic dynamometer 
(IKD) and a HHD to evaluate the agreement between the two methods. Of the initial 
sample, 25 participants completed a second session with the HHD, enabling the 
evaluation of the protocol’s reliability exclusively with this device. Error score were also 
compared between three different contraction intensities: 10%, 30% and 50% of maximal 
voluntary isometric contraction (MVIC). Intra-class correlation coefficients (ICCs), 
standard error of measurement (SEM), and minimal detectable change (MDC) for 
intra-rater (within-day and between-day) and inter-rater (within-day) reliability while 
agreement between the tools was assessed using regression line method. 

Results  
Agreement between devices was low with a poor correlation observed between 
measurements. The HHD SOF protocol showed low to moderate reliability for intra-rater 
between-day assessments, with ICCs from 0.44 to 0.64. The absolute reliability MDC95 
ranged from 12% to 42%. Inter-rater within-day reliability was low, with ICCs from 0.007 
to 0.43. Significant differences in error scores were observed between the HHD and IKD at 
30% and 50% MVIC, and higher error scores were noted at Target 10% MVIC compared to 
30% and 50%. 
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Conclusions  
The SOF protocol using HHD demonstrates moderate reliability but low inter-rater 
reliability. Different tools yield varying results, with force intensity impacting SOF error 
scores, while rotation does not. 

Level of evidence    
2b 

BACKGROUND 

The glenohumeral (shoulder) joint is the most mobile artic
ulation of the human body.1 Due to this vast mobility, pro
prioception is particularly crucial to keep the humeral head 
centered throughout range of motion and ensure upper 
limb optimal function.2 Proprioception deficits may result 
in a decrease in shoulder stability, alteration in the control 
of the shoulder, and eventually to injuries, pain and disabil
ity.3,4 Therefore, in clinical settings, all aspects of shoulder 
proprioception should be objectively measured to charac
terize the proprioceptive deficits that need to be rehabil
itated in order to improve treatment outcomes.5,6 Capsu
loligamentous and musculotendinous tissues contribute to 
proprioceptive feedback through the inputs provided by 
mechanoreceptors located within these structures.7,8 These 
inputs provides neural substrates for the central nervous 
system to refine the motor output required for maintaining 
should stability.9,10 

Research on shoulder proprioception has mainly focused 
on joint position sense (JPS) and sense of movement (SOM), 
while only few studies have investigated shoulder sense of 
force (SOF).6,8,9,11‑13 SOF encompasses the ability to per
ceive, interpret, and reproduce force applied to or gener
ated by a joint, integrating sensory and motor components 
to achieve precise joint control.14 Since the glenohumeral 
joint relies primarily on dynamic control to maintain sta
bility, the evaluation of SOF could be of clinical interest. 
Indeed, SOF is largely derived from peripheral afferent in
flow rather than central signals when subject has to repro
duce a force with the same limb.15,16 The main proprio
ceptors for SOF appear to be Golgi tendon organs whereas 
muscle spindles are primarily responsible for JPS but there 
is no clear consensus.15,17 As neuromuscular control of the 
rotator cuff is important for stabilizing the joint and lim
iting the risk of injury, it could be of interest to assess 
SOF in rehabilitation setting.18,19 Although some measure
ment techniques have been proposed to assess SOF, mostly 
using isokinetic dynamometer (IKD), their implementation 
in clinical practice is limited due to the equipment and 
time required to perform these evaluations.8,9,20 In con
trast, hand-held dynamometers (HHD) are reliable to mea
sure forces, relatively cheap and quick and easy to use.20 

To date, no HHD protocol has been proposed that assesses 
shoulder SOF and the psychometric properties of this mea
surement are unreported. Previous studies conducted on 
the elbow joint indicate than SOF protocols could be im
pacted by contraction intensity and the type and nature of 
movement reproduced by the participants.11,13,21 

The purpose of this study was to test a new SOF protocol 
with a handheld dynamometer (HHD) and examine its 

agreement with an isokinetic dynamometer (IKD), as well 
as its reliability and the effect of contraction intensity. 

STUDY DESIGN 

Cross-Sectional measurement Study 

MATERIALS AND METHODS 

PARTICIPANTS 

Participants aged 18-35 years with no self-reported shoul
der pain or disability were included. Exclusion criteria in
cluded previous dislocation, subluxation, surgery of the up
per quadrant, or pain in these regions within the six 
months prior to the study. The study was approved by the 
Erasme ULB Ethical Committee (registration number 
B4062021000304), and all participants provided written in
formed consent. 

STUDY PROTOCOL 

All measurements were conducted at the Research Unit of 
Rehabilitation Sciences, Université Libre de Bruxelles, and 
ERASME Hospital, Brussels. Upon arrival, participants’ so
ciodemographic data, arm dominance, injury status, well
being (Hooper index), fatigue (Visual analog scale) and 
sport activity were recorded online. Arm dominance was 
defined by the arm used to throw a ball. 

Participants underwent two evaluation sessions, sepa
rated by three to six days. The first session (n=51) assessed 
inter-device agreement and provided preliminary data on 
the HHD SOF protocol’s error score. Only the dominant arm 
was tested using both the IKD (Cybex Human Norm, Hu
mac, CA, USA) and HHD (MusTec BioFET, Almere, Nether
lands), with the order of assessments randomized through 
a blind draw. 

Twenty-five participants from the initial sample volun
teered for a second session focused on HHD reliability, eval
uating intra-rater (inter-day) and inter-rater reliability on 
the dominant arm, and intra-rater (intra-day) reliability on 
the non-dominant arm by the same operator to minimize 
fatigue and save time. Due to the HHD SOF protocol’s dura
tion (approximately two hours), both arms were used alter
nately to measure different reliability parameters, follow
ing the findings of Manheout et al.13 that SOF evaluation is 
consistent between arms in healthy individuals. Only HHD 
reliability was evaluated in the second session, as previous 
studies have already reported ICC values for IKD in SOF 
protocols,12 and logistical constraints limited access to the 
IKD for this second session. 
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Figure 1. Organization of the experiment.     
DA: dominant arm; FR: Force reproduction; HHD: Hand held dynamometer; IK: Isoki
netic dynamometer; MVIC: maximal voluntary contraction; min: time duration in min
utes; NDA: non dominant arm 

Participants performed submaximal isometric contrac
tions with a hold-to-rest ratio of ten seconds on:off in the 
testing position for three minutes to warm up and famil
iarize themselves with the force reproduction tasks. After 
a two-minute rest, maximal voluntary isometric contrac
tions (MVIC) in both internal and external rotation were 
assessed. Following a three-minute rest, six force repro
duction tasks were performed, with three targets and two 
isometric contractions in both internal and external rota
tion. Three trials were performed for each of the conditions. 
The testing device (IKD or HHD) was randomly selected and 
kept consistent in both sessions. A 15-minute break was 
provided between each device protocol. See Figure 1 for a 
protocol overview. 

SENSE OF FORCE PROTOCOL 

TESTING POSITION 

The testing position was consistent across all measure
ments (Figure 2). Participants lay supine on a table with 
the arm abducted at 90°, the shoulder in neutral rotation, 
and the elbow flexed at 90°. The arm was supported by the 
table to prevent horizontal abduction. The non-tested arm 
rested on the belly. A strap around the anterior superior il
iac spine stabilized the participant’s position. Participants 
wore a blindfold and closed their fist during the HHD pro
tocol to mimic the handle used in the IKD protocol, ensur
ing standardized hand positioning. Visual feedback was en
tirely removed in all testing conditions to ensure unbiased 
sensory input. 

For IKD measurements, the dynamometer axis was 
aligned with the projection of the humeral head’s center of 
rotation at the elbow level. Participants grasped the han

dle of the shoulder-elbow attachment with their forearm in 
pronation. All tests were conducted in the isometric mode. 

For HHD testing, the forearm was placed against the 
HHD (2 cm proximal to the ulna styloid process on the dor
sal forearm for external rotation [ER] or ventral forearm 
for internal rotation [IR]). The examiner positioned them
selves in a lunge stance opposite to the direction of force 
measurement, stabilizing their elbows against their stom
ach. “Make” tests were used during MVIC and force repro
duction tasks due to their superior reliability compared to 
“break” tests.22 This testing position was chosen to be close 
to the apprehension test position, a clinical sign indicative 
of shoulder instability.23 Additionally, this position is prac
tical for clinical settings, as it is easy for patients to relax 
in a supine position, and clinicians can replicate the setup 
quickly between evaluations and devices. 

MAXIMAL VOLUNTARY ISOMETRIC CONTRACTION 
(MVIC) TESTING 

The MVIC of the shoulder rotators was conducted in the 
same testing position. Participants gradually increased 
force from zero to maximum within two seconds, maintain
ing it for five seconds. Three trials were performed, with 60 
seconds of rest between trials and rotations to prevent fa
tigue. The highest MVIC force was used to determine the 
three targets (10% MVIC, 30% MVIC, 50% MVIC) for the 
force reproduction tasks.13,24 This intensity range was se
lected to accommodate future testing on pathological pop
ulations. Previous studies on the elbow joint have shown 
differences in SOF scores based on intensity.21 Participants 
had three minutes to familiarize themselves with the re
production task at different target intensities with auditive 
feedback, followed by a three-minute break before perform
ing the force reproduction task. 

FORCE REPRODUCTION TASK 

The force reproduction task involved isometric contractions 
(%MVIC), divided into two phases: the target phase and 
the reproduction phase.24 In the target phase, participants 
gradually matched the target force within two seconds, 
guided by verbal cues from the assessor, and sustained the 
contraction for eight seconds.16 During this phase, partic
ipants focused on the sensation of force generated by the 
shoulder rotators. All target phases were completed before 
starting the reproduction phase. 

In the reproduction phase, participants attempted to 
reach the target force within a 10-second window without 
feedback from the investigator. They verbally signaled 
when they believed they had reached the target, maintain
ing the contraction until the investigator instructed them 
to stop. The three seconds following the participant’s signal 
were recorded for analysis. A 20-second break separated the 
target and reproduction phases, during which participants 
kept their testing arm in the same position. Three trials 
were performed at each contraction intensity and rotation, 
with a 10-second rest between trials. The order of contrac
tion and rotation was randomly determined, and a 30-sec
ond rest was provided between each target. (Figure 3) 
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Figure 2. Picture of the setting position during all the experimentation          
A: HHD SOF protocol; B: IKD SOF protocol 

Figure 3. General description of the Sense of Force protocol         
R: rest period between two isometric rotations or two different targets; r: rest period between each of the 3 trials; MVIC:maximal voluntary isometric contraction 

DATA REDUCTION 

Raw data from the IKD and HHD were extracted into 
spreadsheets. Mean and standard deviation were calculated 
using Excel V.16.56 for Mac. To measure the accuracy of 
the sense of force (SOF), relative error (RE) and constant 
error (CE) scores were used. For each trial, the error score 
was calculated as the difference between the targeted force 
(%MVIC) and the observed force, with the average of three 
trials analyzed. RE was expressed as the absolute difference 
from the target, while CE was calculated without using ab
solute values to indicate the direction of mismatch. A posi
tive CE score indicated an overestimation of the target. The 
coefficient of variation (CV) was calculated to represent the 
steadiness of force reproduction, expressed as a proportion 
of the mean force produced during the three trials. 

SAMPLE SIZE AND STATISTICAL ANALYSIS 

Based on similar studies12,13 and COSMIN recommenda
tions,25 51 healthy adults were included. With seven ob

servations by subject , alpha at 0.05 and level of power at 
0.8, twenty-five subjects were required to complete the re
liability analysis.26 Statistical analysis was performed using 
JASP software (version 0.13.1), with a significance level set 
at p<0.05. The Shapiro-Wilk test was used to assess nor
mality. A paired t-test was conducted to assess systematic 
differences between sessions in terms of wellbeing and fa
tigue. 

Intra-rater (inter-session) reliability was assessed be
tween sessions 1 and 2 on the dominant arm, while intra-
rater (intra-session) and inter-rater (intra-session) reliabil
ity were evaluated during Session 2 on the non-dominant 
arm. The intraclass correlation coefficient (ICC) formula 3,k 
was used to calculate reliability, with ICC values ranging 
from 0 (no reliability) to 1 (perfect reliability).27,28 The 
standard error of measurement (SEM) and minimal de
tectable change (MDC95) were calculated to assess absolute 
reliability. SEM was calculated as SD x √(1-ICC), and 
MDC95 as SEM * 1.96 * √2.29,30 

A linear regression was performed between HHD and 
IKD measurements (dependent variable) and the theoreti
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Table 1. MVIC of dominant arm expressed in N.m/kg and N/kg )           

Tools MVIC ER (N.m/kg) MVIC IR (N.m/kg) MVIC ER (N/kg) MVIC IR (N/kg) 

HHD 0.55 ± 0.13 0.55 ±0.14 2.02±0.43 2.03±0.51 

IK 0.45 ±0.13 0.41±0.13 1.68±0.43 1.51±0.44 

MVIC, maximal voluntary isometric contraction; ER, external rotation ; IR, internal rotation; N, Newton; N.m, Newton meter; Kg, kilogram 

cal target from MVIC testing (independent variable). Bias, 
precision, and agreement between the two methods were 
assessed.31 As measurement units differed (N for HHD and 
N.m for IKD), total bias was calculated for each device using 
the formula: bias = α + 𝑥 * (β -1), where α represents differ
ential bias and β represents proportional bias.32 Nonpara
metric t-tests were used to compare the total bias between 
the two devices. 

A two-way ANOVA for repeated measures was con
ducted, with %Target and sense of rotation as independent 
variables and RE score as the dependent variable. Post hoc 
analyses with Bonferroni corrections were performed, and 
RE scores were compared between IKD and HHD for similar 
targets. 

RESULTS 

Twenty-four females (age = 23 ± 2 years old, height = 1.68 
± 0.08 m, body mass = 60 ± 8 kg, weekly global sports vol
ume= 4 ± 3 h) and 27 males (age = 23 ± 3 years old, height = 
1.80 ± 0.06 m, body mass = 78 ± 11 kg, weekly global sports 
volume= 4 ± 4 h) participated in the first session. Of these, 
25 participants(14 females; age = 22 ± 2 years old, height = 
1.68 ± 0.08 m, body mass = 61 ± 8 kg, weekly global sports 
volume= 4 ± 3 h and 11 males ; age = 24 ± 2 years old, height 
= 1.80 ± 0.06 m, body mass = 80 ± 9 kg, weekly global sports 
volume= 4 ± 5 h) participated in the second measurement 
session. 

There were no significant differences for wellbeing para
meters and self-reported fatigue and pain between Session 
1 and Session 2 (p-value > 0.05). Self-reported fatigue was 
also not significatively different between pre- and post-test 
values withing a session (p-value > 0.05). 

MVIC data are summarized by mean and standard devia
tion in Table 1. 

HAND HELD DYNAMOMETER – SENSE OF FORCE 
PROTOCOL RELIABILITY ANALYSIS 

Intra-rater (inter-session) reliability ICCs ranged from 0.44 
(30% IR) to 0.64 (50% ER), indicating low to moderate re
liability. SEM values varied from 4% (50% ER) to 12% (10% 
IR), with MDC95 ranging from 12% to 42%. Intra-rater (in
tra-session) reliability ICCs ranged from 0.27 (30% IR) to 
0.84 (10% ER), showing low to high reliability. SEM values 
ranged from 3% (50% ER) to 11% (10% IR), and MDC95 
ranged from 9% to 30%. Inter-rater (intra-session) reliabil
ity ICCs ranged from 0.07 to 0.43, indicating little to low re
liability, with SEM values from 5%(50%RE) to 19%(10%IR) 
and MDC95 from 13% to 53%.(Table 2). 

INTER-DEVICE AGREEMENT BETWEEN HANDHELD 
DYNAMOMETER AND ISOKINETIC DYNAMOMETER 

Total bias was significantly different (p-values < 0.05) be
tween HHD and IKD SOF protocol at 30% and 50 % MVIC 
but not at 10% MVIC. HHD target at 50%IR presented the 
highest bias with -12.34 (Table 3). 

There were significant differences between rotations for 
each tool (p-values < 0.005) with ER presenting lower total 
bias at 10% MVIC and 50%MVIC than IR and the opposite 
at 30% MVIC for IKD. For HHD ER presented lower total 
bias for all targets (p-value<0.001). 

IMPACT OF SOF PROTOCOL MODALITIES ON THE ERROR 
SCORE 

CE score ranged from -8 (50%IR) to 16 (10%IR), whereas RE 
and CV ranged from 7 (50%IR) to 19 (10%ER) and 3% to 6%, 
respectively (Table 4 for details). 

There was no significant difference between Session 1 
and Session 2 for all measurements except for CE 30%IR 
and CV 50%IR (p-value<0,05). 

Two-way Anova showed a significant effect of target in
tensity on SOF protocol error score, F(2,100)=10,72, p<0.01. 
No significant effects were found for rotations or target*ro
tation, F(2,100)=0,23,p=0,788. 

Post hoc test showed a difference between targets at 10% 
MVIC and 50% MVIC (P<0.001) and targets at 10% and 
30% MVIC (P<0.001) but not between 30% and 50% MVIC. 
Comparing RE between devices for the same target, HHD 
showed significantly lower values than IK for all targets and 
rotations. 

DISCUSSION 

The main goal of this study was to develop a new clinical 
protocol for assessing a relatively unexplored aspect of pro
prioception: the SOF. The specific aims were to appraise 
the relative and absolute reliability of the HHD protocol, 
to determine the agreement between two devices in assess
ing SOF, and to present initial findings regarding parame
ters influencing the SOF error score. Globally, the results 
suggest that the relative reliability of the HHD protocol for 
evaluating SOF range from low to high for intra-rater mea
surements and from little to low for inter-rater measure
ments. 

Key results from this investigation reveal better intra-
rater (inter-day) absolute reliability for higher targets (30 
& 50%MVIC) compared to lower targets (10%MVIC), with 
SEM and MDC ranging from 4% (Target 50%ER) to 15% 
(Target 50%IR). Moreover, employing the same protocol for 
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Table 2. Relative and absolute reliability parameters of HHD SOF protocol          

Test Retest Intra rater Inter Rater 

ICC(CI95%) SEM 
(%) 

MDC 
(%) 

ICC(CI95%) SEM 
(%) 

MDC 
(%) 

ICC(CI95%) SEM 
(%) 

MDC 
(%) 

Target 10% ER 0.46( -0.21 - 0.76) 12 35 0.84( 0.64 - 0.93) 6 17 0.26( -0.68 - 0.67) 18 51 

IR 0.48 (-0.18 - 0.77) 15 42 0.66 (0.24 - 0.85) 11 30 0.24 (-0.72 - 0.66) 19 53 

Target 30% ER 0.60 (0.09 - 0.83) 5 13 0.35 (-0.47 -0.72) 7 21 0.38 (-0.41 – 0.72) 8 21 

IR 0.44 ( -0.27 - 0.75) 5 15 0.27 (-0.67- 0.68) 7 20 0.07 ( -0.67 - 0.59) 9 25 

Target 50% ER 0.64 (0.17 - 0.84) 4 12 0.77 (0.47 - 0.90) 3 9 0.43 (-0.30 - 0.75) 5 13 

IR 0.56(0.04 - 0.80) 5 15 0.72(0.37 - 0.88) 5 13 0.40(-0.37 - 0.73) 6 16 

ER, external rotation; IR, internal rotation;HHD, hand held dynamometer; SEM, standard error measurement; MDC, minimal detectable change; ICC, intra class correlation coefficient 
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Table 3. Mean and standard deviation of the total bias         
for HHD and IK     

Total Bias HHD Total Bias IKD 

10%ER 1.51±0.68 1.48 ±1.38 

10%IR 1.77±0.85 2.14±0.53 

30%ER* 0.12±1.67 1.33 ±1.50 

30%IR* -1.49±1.64 -0.42±0.85 

50%ER* -10.32±6.32 -4.04±3.13 

50%IR* -12.34±8.00 -6.42±3.38 

ER, external rotation; IR, internal rotation; CI ,confidence interval; HHD, hand held dy
namometer; IKD, isokinetic dynamometer, *, p-value<0,05 significant statistical differ
ence between tools 

SOF assessment with different tools yielded different re
sults, precluding direct tool comparisons. Finally, the SOF 
error score appears to be influenced by the intensity of con
traction but not by the direction of the isometric contrac
tion. 

RELIABILITY 

The reliability findings differ from previous studies on 
shoulder SOF. Dover et al.12 reported high test-retest (in
tra-rater inter-day) reliability, while Manheout et al.13 

showed high reliability for internal (Cronbach’s α=0.85) and 
external rotation (Cronbach’s α=0.91). In contrast, low to 
moderate intra-rater (inter-day) reliability was observed. 
Differences in testing positions, statistical analysis, and as
sessment tools likely contributed to these discrepancies. 
Dover et al.12 used a standing position with an IKD but did 
not report specific ICC values or details about their reli
ability analysis. Manheout et al.13 used a seated position 
with a stationary dynamometer and a different statistical 
approach (Cronbach’s alpha). The current study employed a 
HHD protocol where the examiner held the device without 
external stabilization, possibly leading to higher variabil
ity compared to IKD. Proprioception measurement is in
fluenced by testing position,33 making direct comparisons 
challenging. However, the simplified HHD protocol was de
signed to save time during clinical assessments. Better reli
ability during intra-rater testing and at higher contraction 
intensities was observed, possibly due to the challenges in 

Table 4. Descriptive statistic of the Error score (%) and steadiness(%) )of the HHD’s SOF protocol ±SD                

RE CE CV 

Mean S1 
(%)± SD 

Mean 
S2(%)± SD 

Mean S1 
(%)± SD 

Mean 
S2(%)± SD 

Mean S1 
(%)± SD 

Mean 
S2(%)± SD 

10%ER 19(±17.20) 15(±16.93) 15(±20.56) 9(±21.60) 5(±1.29) 6(±1.74) 

10%IR 19 (±23.22) 16 (±18.53) 16(±25.93) 15(±20.1) 5(±1.37) 5(±1.27) 

30%ER 9(±8.51) 6 (±6.01) 1(±12.48) 0(±9.02) 3(±0.95) 3(±1.15) 

30%IR 9(±6.61) 8(±7.65) -1(±11.67) -6(±9.88)* 3(±1.44) 3(±0.62) 

50%ER 10(±8.68) 7(±5.39) -6(±12.38) -3(±8.80) 3(±1.67) 3(±1.53) 

50%IR 7 (±7.50) 9 (±8.91) -6(±8.92) -8(±10.32) 4(±2.20) 3(±1.59)* 

RE, relative error; CE, Constant error; CV, coefficient of variation; HHD, handheld dynamometer; ER, external rotation; IR, internal rotation; *, significant differences (p-value<0,005) 
between S1 and S2 

guiding patients verbally at lower intensities, where they 
may rely more on other sensory information like skin re
ceptors.34 The lack of external fixation may have increased 
variability at low intensity due to HHD orientation and skin 
pressure. 

INTER-DEVICE AGREEMENT 

A secondary objective of this study was to assess the agree
ment between HHD and IK in measuring SOF. Since the 
conditions for Bland-Altman’s limits of agreement method 
were not met, regression analysis was used.31,32 The tar
geted values were in Nm for IK and in N for HHD, so each 
device was compared to its’ perfect theoretical target based 
on MVIC testing, describing this outcome as total bias eval
uation for each tool. 

Regarding agreement, the IKD had a significantly lower 
total bias than HHD (p<0.05) for targets and rotations above 
30% MVIC. Muscles involved in internal rotation, being 
larger, may cause more compensation during isometric 
contraction, and the IKD likely provided better support, 
particularly at the elbow joint. Despite using the make test 
in the HHD protocol, variation in examiner-applied pres
sure could have led to differences in bias and error scores 
between the two devices. Overall, the total bias was greater 
for the HHD across all targets and rotations, with both tools 
showing a similar performance trend (same bias direction) 
and differences only in the extent of bias between devices. 

ERROR SCORE 

Force reproduction was generally overestimated at 10% 
MVIC and underestimated at 50% MVIC for both methods, 
with higher error scores at 10% MVIC compared to 30% and 
50%. Similar trends were noted by Henry et al.24 and Es
reoglu et al.,16 showing overestimation at low force levels. 
The discharge rate of muscle spindles and proprioceptors, 
which increases with higher force, correlates with the level 
of sensory input available to the central nervous system.35 

Onneweer et al.36 found that force reproduction error 
scores depend on contraction intensity, whereas joint posi
tion sense (JPS) does not. SOF likely relies on muscle spin
dles and Golgi tendon organs, both of which provide bet
ter feedback at higher contraction intensities.16 At lower 
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force levels, other sensory strategies, such as tactile infor
mation, may guide movement and force production.34 For 
a more accurate assessment of SOF through propriocep
tion, clinicians should consider using contraction intensi
ties above 30% MVIC. Lastly, neither arm dominance nor 
contraction direction significantly affected the relative er
ror score (p>0.005), consistent with other studies on shoul
der proprioception.16,17 

CLINICAL IMPLICATIONS AND RECOMMENDATIONS 

This study provides preliminary guidelines for clinicians in
terested in assessing proprioception, specifically the SOF. 
First, it is crucial to acknowledge that direct comparison 
of data obtained from HHD or IK is not reasonable. There
fore, it is important to specify the tools employed for as
sessment when communicating with other medical profes
sionals. Second, since the direction of isometric contraction 
(IR or ER) at 90° abduction and neutral rotation does not 
appear to significantly impact the SOF error score, selecting 
the direction that aligns with the clinical presentation of 
each patient is recommended to save time. Future research 
is warranted to examine the applicability of the SOF proto
col in pathological populations, such as patients with an
terior instability, who may experience apprehension in ex
treme positions.37 Third, study findings indicate that the 
target at 50% demonstrated the highest reliability, empha
sizing its priority in assessment for diagnosis purpose. 
However, given the low to moderate intra- and inter-rater 
ICC values, clinicians should refrain from using the SOF 
protocol as a diagnostic tool or for patient categorization at 
this time. Instead, they should focus on the use of absolute 
reliability metrics to inform sensory-driven rehabilitation 
or training programs.27 Clinically meaningful changes in 
SOF can be considered only if patients show an improve
ment in their RE error score by 12% or 15% or more. Finally, 
as ICC values are low to moderate, it may be beneficial to 
alter the protocol by using a strap to secure the HHD as well 
as an external fixation device for the HHD to control com
pensations at the shoulder and minimize the impact of the 
clinician during measurement. While the strap provides ad
ditional feedback to patients, the potential improvement in 
reliability may outweigh this potential bias. 

LIMITATIONS AND FUTURES DIRECTIONS 

Several limitations of this study need to be considered. It 
was decided to simulate a clinical setting by using minimal 
equipment, a decision that may have introduced compen
satory factors during the HHD force reproduction protocol 
when compared to IKD. Moreover, this protocol lasted al
most two hours, and it cannot be excluded that participants 

experienced fatigue or lacked motivation, which could have 
influenced the results. Although efforts were made to con
trol these factors by assessing fatigue and pain and pro
viding precise instructions to participants on how to move 
their arm, the study results may still have been impacted 
by them. However, in real-life clinical practice, applying the 
SOF protocol with a single patient focusing on one inten
sity and one direction, would take less than ten minutes. 
This streamlined approach would minimize patient fatigue 
while offering clinicians a practical and objective measure 
for proprioception. Nevertheless, further research is needed 
to determine whether SOF can be effectively trained, im
proved, and translated into real life scenarios over time. 
Furthermore, it is essential to note that the data were ex
clusively collected from healthy young individuals, pre
venting the generalization of these findings to other popu
lations or individuals with pathological conditions. 

In future research on this topic, the development of a 
more concise protocol with fewer targets and the imple
mentation of a strap to minimize compensations at the 
shoulder joint and enhance movement control should be 
considered. Additionally, the use of an external fixation for 
the HHD to reduce the impact of the examiner during data 
recording could be beneficial. Finally, future studies exam
ining the SOF in participants with shoulder conditions are 
required. 

CONCLUSION 

The results of this study indicate that an optimal combi
nation of relative and absolute reliability (moderate) was 
achieved at 50%MVIC for both intra- and inter-rater relia
bility. Consequently, clinicians are advised to use this test
ing parameter when assessing SOF. It is important to spec
ify the tools used for SOF assessment, as the results of this 
study indicate that they cannot be used interchangeably. 
Finally, no significant differences were reported between 
internal and external rotation error scores. However, the 
intensity of the contraction impacted the error score dif
ferently. Specifically, higher error scores were observed at 
lower intensity (10%MVIC) compared to higher intensities 
(30%MVIC, 50%MVIC). 
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