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Abstract
Background: Proprioception, our sense of joint awareness, is a sub-category of somatosensation, known
as our “sixth sense”. It is part of our neuromuscular system, responsible for maintaining joint stability and
preventing injury, particularly amongst shoulders. Proprioception is affected by injury and a decreased
sense of proprioception can cause a predisposition to injury. Despite the importance of proprioception for
shoulder stability, there remains no con�dent way to measure shoulder proprioception in a clinic. 

Purpose: To present a new clinical tool – The Shoulder Proprioception Reaching Test (SPReT) and to
establish the discriminant validity, intra-rater and absolute reliability properties.

Study Design: Cross-sectional clinical measurement study.

Methods: A convenience sample of forty healthy participants was used. A single session (120 minutes)
involved two bilateral evaluations of reaching movements using the SPReT, with a 30-minute rest period.
Twenty participants were randomly selected to further perform a shoulder fatigue protocol of the
dominant shoulder, immediately followed by a third SPReT evaluation. The SPReT involves active
reaching movements in standing and with eyes closed, towards 7 targets in a star formation (active joint
position sense). Discriminant validity (paired t tests), intra-rater reliability (intraclass correlation
coe�cients [ICC]) and absolute reliability (standard error of measurement [SEM] and minimal detectable
change [MDC]) were determined.

Results: The SPReT supports moderate (ICC = 0.45 – 0.71) to good (ICC = 0.77) intra-rater reliability with
SEMs ranging from 1.17 to 2.63 cm and MDC90 from 2.72 to 6.12 cm for all targets. A fatigue effect was
found with the superior and the superior-lateral right targets (P < .05), suggesting possible discriminant
validity with the SPReT tool during elevated reaching movements.

Conclusions: The superior target demonstrated the highest discriminant validity, intra-rater and absolute
reliability properties and takes less than 5 minutes to evaluate. The evaluation of the superior target only
may be suitable for clinical practice upon further methodological investigation for validity, reliability and
responsiveness. Future research in encouraged and continues to be ongoing amongst a pathological
population.

Level of evidence: Level III cross-sectional study.

For Reviewers

What is already known on this topic:
Shoulder proprioception is a di�cult and often abstract concept to quantify. Being the most mobile joint
of the body, the shoulder heavily relies on the e�ciency and synchronicity of the neuromuscular and
proprioception systems. Proprioception, our sense of joint awareness, in particular helps guide our
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movements and may prevent injury during everyday activities. There is growing support that shoulder
injuries, such as tendinopathies and glenohumeral dislocations, could result in a decreased sense of
proprioception. There is also evidence that proprioception impairments can also lead to injury. Thus,
optimizing proprioception is often a rehabilitation goal for clinicians when addressing shoulder
dysfunctions.

At present, there are limited reliable or valid methods for quantifying the sense of shoulder proprioception
in a clinical setting. In addition, laboratory protocols for the measurement of shoulder proprioception are
often time-consuming, involve computer-faced equipment and are not transferable to a clinic. There is
currently a knowledge gap within the literature concerning the associated psychometric properties of
such protocols or outcome measures. Furthermore, there is no Gold Standard for the measurement of the
sense of shoulder proprioception at this time.

What this study adds:
In order to address the current absence of clinically reliable and valid proprioception outcome measures
for the shoulder complex, the purpose of this study was to develop a novel upper extremity proprioception
tool for the measurement of active joint position sense, a sub-modality of proprioception. This study
presents the validity and reliability results of a newly developed clinically-friendly tool: The Shoulder
Proprioception Reaching Test (SPReT). The aim of this study is primarily to describe the process of
development of the new clinical tool as well as to present the intra-rater reliability and discriminant
validity. This will be accomplished via an intra-session repeated measure protocol with the use of a
shoulder musculature fatigue protocol for the evaluation of the discriminant validity. The results of our
study will present a simple, reliable, cost-effective and clinically accessible tool for the measurement of
shoulder proprioceptio

Introduction
Proprioception is both a conscious and unconscious sensation (1), (2) which contributes to the
generation of our body image (1), as it represents our perception of movement (kinesthesia), joint
position (active and passive), our sense of force (heaviness or effort) and sense of velocity (3). The sub-
categories of proprioception work collaboratively to maintain our body’s biomechanical spatial properties
(4) and neurophysiological stability (5, 6) so as to avoid injury.

Shoulder health in particular depends on proprioception for the regulation of muscle stiffness (6) (7, 8),
movement planning (7, 9) and overall neuromuscular stability (10), (11). Proprioception impairments
occur amongst individuals affected by shoulder pain (12, 13), instabilities (14–16), osteoarthritis (17),
rotator cuff dysfunctions (18–20) (21) and in post-operative shoulders (15, 17) (22). Is it therefore
understandable that a healthy sense of proprioception is an important clinical goal during the
rehabilitation of shoulder injuries (23).
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The term proprioception itself remains a complex sensorimotor concept (5), which supports various
de�nitions, depending on your school of thought (24). Seeing as the underlying peripheral and central
mechanisms of proprioception are not well known at this time (25), the accurate measurement of the
sense of shoulder proprioception remains a challenge. For these reasons, it is understandable that there
is no clear “Gold Standard” for measuring a shoulder proprioception impairment (25–27). In addition,
there are few clinically-friendly tools for the measurement of this effect (24) (28) (29).

Previous studies have used clinical tools such as a goniometer (28, 30), inclinometer (28) (21, 31–33),
laser pointer (28) (34), an iPod touch(35) or photo analysis technology (30), (36), (37) to quantify
shoulder active joint position sense (AJPS). However, their protocols involve single plane movements
(32), (31), (36), (37), (28, 34), use trigonometry to calculate the proprioception error (28) and support a
moderate to good intra- and inter-rater reliability at best (24, 28, 38, 39). The current methods for
measuring shoulder proprioception are complex, costly, do not use movements which resemble daily
functional activities and are generally clinically inaccessible (15, 25, 26, 40). There is a real clinical need
for valid, reliable and functional tools (6, 26), (29) that can evaluate a change in shoulder proprioception
over time.

In response to this need, the purpose of this study was to develop a new tool, the Shoulder Proprioceptive
Reaching Test (SPReT), theorized to measure AJPS in a clinical setting and to assess its psychometric
properties (intra-rater reliability and discriminant validity). The SPReT is designed to be a cost-effective,
clinically practical tool which uses functional reaching movements to measure shoulder proprioception
acuity. Our objectives were to examine the intra-session test-retest reliability, and the discriminant validity
of the SPReT by applying a muscular fatigue protocol to the dominant shoulder of healthy participants.

We hypothesize that the SPReT will support good reliability (ICC = 0.75–0.9) (41) and that using a fatigue
protocol will cause a signi�cant increase in proprioception error (P < .05); as muscular fatigue can
adversely disturb the sense of proprioception, (4, 6, 42) by altering our sense of effort and representation
in space (1).

Methodology

Development of the SPReT
The SPReT was conceptualized as a clinically-friendly tool, as it uses active and open-chained
movements, theorized to promote a strong ecological validity (43), most resembling daily functional
movements. For the purpose of this study, shoulder “proprioception acuity” (29) is the reaching accuracy
of the participant during the reproduction movement. The “proprioception error” (PE) is the difference in
centimetres (cm) between the memorization trial and the reproduction trial.

The SPReT Tool
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The SPReT uses a plasticized poster (90 cm in length and 110 cm in height), printed on a grid pattern of 1
cm squared. The poster is mounted on a wall with double-sided magnetic strips (ProMAG® Magnetic
Tape; Marietta, OH, U.S.A. www.promagproducts.com), to adjust to the height of the participant. The
SPReT uses stickers (0.6cm round colour-coded, manually numbered 1–3) for the three reaching trials per
target, and a standardized evaluation form (Appendix I) with instructions (Appendix II). Each participant is
told that the purpose is to “evaluate your ability to reproduce movements in space” and are instructed to
“memorize the position of your arm in space".

A total of seven targets were used: superior (S), superior-lateral left (SLL) and right (SLR), lateral left (LL)
and right (LR) and inferior-lateral left (ILL) and right (ILR) (Fig. 1), forming a star shape. The right side of
the SPReT was used to evaluate the right upper extremity and the left side of the SPReT, for the left upper
extremity. The (S) target is used to evaluate both the left and right upper extremities. Therefore, each
participant performed 24 reaching movements in total, 4 targets with the right and 4 targets with the left
upper extremities.

The participant performs three memorization trials, after which they lower the blind-fold resting on their
forehead with the non-evaluated arm and immediately perform three reproduction trials (used to measure
PE) (Fig. 2). No feedback or corrections are given during testing. After each reproduction trial, the
evaluator places a numbered sticker (1 through 3) immediately above the nail of the index �nger, without
making contact. One target is evaluated at a time. The evaluator uses a measuring tape to measure from
the centre of the target, to the centre of the sticker, representing the PE in cm.

Psychometric Evaluation of the SPReT

Participants
A convenience sample of healthy individuals was recruited through posters and e-mail distribution lists at
Université Laval and the Centre for Interdisciplinary Research in Rehabilitation and Social Integration
(CIRRIS) in Quebec City, Canada. Participants were eligible if they 1) were between the ages of 18 and 60,
and 2) reported no musculoskeletal injuries to either the upper extremity or cervical-thoracic spine within
the past two years, and 3) had no other major health concerns (signs, symptoms or diagnosis of a
systemic or neurological pathology) that would prevent them from participating in the study.

Study Design
A cross-sectional methodological study design.

Procedures
Participants were invited to participate in a session at the CIRRIS, for a maximum of 120 minutes. All
participants gave informed consent through a signed a consent form, completed a health questionnaire,
the Quick Disability of the Arm, Shoulder, or Hand (QuickDASH) questionnaire (44) and the Edinburgh
Handedness Inventory for dominance (45). The QuickDASH questionnaire was used to ensure no signs,
symptoms or functional limitations were reported by any of the participants. Each participant then

http://www.promagproducts.com/
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performed the SPReT twice, with a 30-minute rest period between evaluations. One full evaluation of the
SPReT (3 trials on 8 targets, 4 right and 4 left) took an estimated 15–20 minutes for each shoulder,
including instructions. The time to assess one target is less than 5 minutes. The order of the evaluated
shoulder (left or right) and the order of the targets were randomized using randomization software
(https://www.random.org) (46) by an evaluator not directly involved in the study.

Twenty participants were randomly chosen by selecting participant numbers from an opaque envelope, to
participate in a third SPReT evaluation following a shoulder fatigue protocol to assess the discriminant
validity. The discriminant validity was evaluated with the participant’s dominant shoulder.

Fatigue Protocol
A fatigue protocol proposed by Ebaugh and colleagues(47) was used, which included the continuous
completion of the following three tasks of the dominant shoulder in standing: 1) maintaining the arms
elevated to 45° in the frontal plane and screwing a nut and bolt clockwise and counter-clockwise for 2
minutes (size M12X68, 0.085 kilograms [kg]), 2) raising and lowering of the arm against resistance in the
plane of the scapula for 20 repetitions, and 3) raising and lowering the arm through a diagonal pattern
against resistance for 20 repetitions. The resistance was set at 20% of the maximum voluntary isometric
contraction (MVIC) of the abductor muscles of the dominant shoulder. This was evaluated according to
the manual muscle testing protocol established by Hébert et al. (2012) (48). The resistance was
evaluated in kg, and 20% of the mean MVIC following 3 measurements was calculated and rounded up to
the nearest kg. The corresponding hand weight was given to the participant. Participants continued the
three tasks in sequence until they failed to correctly perform two tasks consecutively, as determined by
the evaluator, or they reported a minimum of 16/20 on the Borg Rating of Perceived Exertion Scale
(BRPE), ranging from 6 (no exertion) to 20 (maximum exertion). A score of 16/20 is theorized to represent
an intensity level of 80% 1 RM (maximal load that a person can lift once in their available range of
motion) (49).

Sample Size and Statistical analysis
According to the COSMIN Checklist for methodological reliability studies, a sample size of 40 participants
is considered a moderate sample size (50). Therefore, a minimum of 40 participants was targeted for this
study.

All statistical analysis was conducted using IBM SPSS® Software (version 26.0 for Mac; Armonk, NY)
with an alpha level of 0.05. Descriptive statistics (means ±  standard deviations) were calculated across
participants for the dependent variable, the proprioceptive error (PE) in cm. Each target produced three
PEs per evaluation (trials: T1 / T2 / T3). The mean values per target per participant (mean PE) were used
for inferential statistics, the intra-rater reliability calculations and the absolute reliability measures.
Moreover, the global scores, de�ned as 1) sum of the SPReT (the sum of the mean PE per target) and 2)
the mean of the SPReT (the overall mean of means of the PE for each target) for each side of the SPReT
(right/left) were also used to establish the intra-rater reliability of the SPReT.
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Intraclass correlation coe�cients (ICCs) were used to assess the relative reliability (51). For the within-
evaluation intra-rater reliability, the three trials per target were used, and an ICC3,k (two-way random model
with absolute agreement) was calculated because the measurements were taken by a single evaluator.
ICC values less than 0.5 indicate poor reliability, values between 0.5 and 0.75 indicate moderate reliability,
values between 0.75 and 0.9 indicate good reliability, and values greater than 0.90 indicate excellent
reliability (41).

To examine the absolute reliability, the degree to which repeated measures vary for individuals, the
standard error of measurement (SEM) was calculated for each target as SD × √1 − ICC (52). The

SEMs were used for calculating the minimal detectable change (MDC90) for each target and a global
mean and global sum score for the SPReT, which were calculated as SEM × 1.65 × √2 .

Independent samples t-tests were conducted to compare the PE of each target and composite global
scores between the second evaluation (E2) and the post-fatigue evaluation (E3) of 20 participants, to
quantify the discriminant validity. All data was tested to verify the distributional assumptions for the
inferential statistical analyses.

Results
Forty-three participants were contacted for this study and three were excluded, therefore forty participants
were assessed (Table 1). Descriptive data from the reliability analysis for proprioception acuity can be
found in Table 2. The target with the smallest PE was the superior (S) target performed by the right upper
extremity. The greatest PE was observed in the inferior-lateral (IL) targets for both the right and left upper
extremity. Globally, the descriptive statistics reveal that the proprioception acuity was better with elevated
targets and worse with the lower targets of the SPReT (Fig. 3).

Table 1
Means and standard deviations of baseline characteristics of included participants.

  Healthy individuals

(n = 40)

Age 29.7 ± 8.7

Sex (male/female) 17/ 23

Height (cm) 171.0 ± 11.0

Weight (kg) 71.3 ± 21.1

Dominance (R/L) 30 / 10

Baseline QuickDASH 0.85 ± 1.6

n = sample size, (mean ± standard deviation), R = right, L = left, QuickDASH = Quick Disabilities of Arm,
Shoulder and Hand questionnaire.
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Table 2
Descriptive statistics of the SPReT in centimeters.

  Evaluation Superior
(S)

Superior-
Lateral
(SL)

Lateral
(L)

Inferior-
Lateral
(IL)

Overall
mean (4
targets)

Overall
sum

(4 targets)

Right-
side of
SPReT

E1

(n = 40)

3.42 ±
1.69

[1.53–
8.97]

4.08 ±
2.26
[1.03–
10.73]

4.46 ±
2.09
[1.33–
9.60]

4.73 ±
2.63
[1.13–
11.57]

4.14 ±
1.27
[2.38–
7.00]

16.69 ±
5.08
[9.53–
28.0]

E2

(n = 40)

3.46 ±
1.94

[1.10–
10.33]

3.55 ±
1.77
[0.37–
8.97]

4.22 ±
1.99
[1.07–
10.10]

5.09 ±
2.58
[1.0–
13.37]

4.08 ±
1.38
[2.19–
8.30]

16.32 ±
5.52
[8.77–
33.20]

Post-
fatigue

E3

(n = 20)

3.81 ±
1.51

[1.50–
5.90]

3.95 ±
1.52

[1.37–
7.20]

4.44 ±
1.91

[1.87–
8.57]

5.31 ±
2.93

[1.77–
11.10]

4.38 ±
0.67

[1.37–
11.10]

17.50 ±
4.51

[11.27–
24.93]

Left-
side of
SPReT

E1

(n = 40)

3.35 ±
1.52

[0.53–
7.77]

4.08 ±
2.41
[0.83–
11.80]

4.82 ±
2.99

[0.67–
14.03]

5.05 ±
2.48
[1.17–
11.0]

4.33 ±
1.47
[2.23–
9.37]

17.31 ±
5.87
[8.90–
37.47]

E2

(n = 40)

3.24 ±
1.33

[1.0–
7.5]

4.23 ±
2.16
[1.30–
9.53]

4.66 ±
2.83

[1.17–
11.53]

5.15 ±
3.24
[1.27–
13.60]

4.32 ±
1.63
[2.25–
7.91]

17.28 ±
6.54 [9.0–
31.63]

Post-
fatigue

E3

(n = 20)

3.78 ±
1.37

[1.70–
6.77]

3.95 ±
1.52

[1.37–
7.20]

4.39 ±
2.00

[1.60 − 
8.97]

4.54 ±
1.99

[1.77 − 
9.90]

4.20 ±
0.32

[1.60 − 
9.90]

16.81 ±
4.60

[10.17–
26.20]

Descriptive statistics (Proprioception Errors [PE] in centimeters [cms]) of healthy participants (n = 40).
Mean ±  SD [min – max] of the PE.

E1 – �rst evaluation, E2 – second evaluation 30-minutes later, E3 - �nal evaluation following a
muscular fatigue protocol (n = 20).

The 4 targets include S / SL / L / IL of the left and right side of the SPReT, respectively.

ICCs for intra-rater reliability for all targets and scores can be found in Table 3. ICCs ranged from poor to
good (ICC = 0.22–0.77). The S target for both the right and left upper extremity did not exhibit statistically
signi�cant differences between means and also supported the strongest reliability measures (Right: ICC = 
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0.6 [0.24–0.8] and Left: ICC = 0.6 [0.2–0.8]). The composite scores of the SPReT (all 7 targets)
demonstrates overall good reliability ICC = 0.77 [0.6–0.9].

Table 3
Intra-evaluation reliability measures (ICC values with 95% con�dence interval) for SPReT tool.

Scores by target location and sums Intra-evaluator ICC values [95%CI]

Healthy individuals

(n = 40)

Signi�cance P-value

Superior - R 0.591

[0.220 to 0.785]

P = .004*

Superior - L 0.451

[-0.47 to 0.711]

P = .034*

Superior-lateral - R 0.216

[-0.466 to 0.582]

P = .223

Superior-lateral - L 0.447

[-0.58 to 0.709]

P = .037*

Lateral - R 0.523

[0.095 to 0.748]

P = .012

Lateral - L 0.614

[0.265 to 0.797]

P = .002*

Inferior-lateral - R 0.561

[0.170 to 0.768]

P = .006*

Inferior-lateral -L 0.567

[0.174 to 0.772]

P = .006*

Sum of scores -R 0.713

[0.455 to 0.848]

P < .001*

Sum of scores -L 0.668

[0.368 to 0.825]

P < .001*

Global

composite score

0.77

[0.573 to 0.881]

P < .001*

R - right side, L - left side, CI – con�dence interval. (*) ICC values are statistically signi�cant.
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The SEM values varied from 1.17 cm (S target) to 2.63 cm (ILR target) (Table 4). The absolute reliability
MDC90 values ranged from 2.72 cm (S target) to 6.12 cm (ILL target). Two of the targets (SL / SLR)
demonstrated higher MDC90 values than the mean PE scores. This was not the case when considering
the global composite scores of the SPReT.

Table 4
Absolute reliability measures in centimeters for SPReT (n = 40) between evaluation 1 (E1) and evaluation

2 (E2).
Scores by target

location and sums

Mean ± SD SEM MDC90

Superior -R 3.50 ± 1.70 1.17 2.72

Superior -L 3.43 ± 1.84 1.60 3.73

Superior-lateral -R 3.89 ± 1.98 2.33 5.41

Superior-lateral -L 4.05 ± 2.06 1.48 3.44

Lateral -R 3.98 ± 1.93 1.38 3.20

Lateral -L 4.41 ± 2.50 1.55 3.60

Inferior-lateral -R 4.77 ± 2.42 1.50 3.49

Inferior-lateral -L 6.19 ± 4.00 2.63 6.12

SPReT Global Composite Scores

Sum of scores -R 16.2 ± 5.0 2.83 6.58

Sum of scores -L 17.1 ± 5.8 3.33 7.74

Global scores 33.32 ± 8.5 4.12 9.58

R - right side of the SPReT, L - left side of the SPReT. The SPReT global composite scores re�ect the
sum of means of all targets on the right (sum of scores R), the targets on the left (sum of scores L)
and the sum of all 8 targets (4 L and 4 R [Global scores]).

The mean fatigue time was 10.02 ( ± 5.6) minutes with a BORG rating of 17.3 (±1.2). Paired t tests
between the second evaluation (E2) and the post-fatigue evaluation (E3) revealed statistically signi�cant
fatigue effects over time with two targets only, the S target and the SLR target (P < .05).

Discussion
The purpose of this study was to present the development and initial validity and reliability properties of a
new tool, the Shoulder Proprioception Reaching Test, with the aim of exploring its potential for measuring
shoulder proprioception acuity in a clinical setting.
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Our results suggest that the SPReT has poor to good intra-rater reliability in healthy shoulders and
demonstrated statistically signi�cant discriminant validity properties with two targets in elevation,
notably the superior and superior-lateral right target. The superior target demonstrated the strongest intra-
rater reliability (ICC = 0.6), the least amount of variance between reaching trials, the smallest SEM (1.17
cm) and MDC90 (2.72 cm), while also being able to detect a fatigue effect (P < .05). Considering that the
evaluation of one target takes less than 5 minutes with instructions, the evaluation of the superior target
only could be feasible for assessing shoulder proprioception in a clinic for busy practitioners. If feasible
and time permitting, a clinician could also bene�t from the use of the entire SPReT tool (all 7 targets) to
evaluate shoulder proprioception, as it supports overall good reliability (ICC = 0.77).

It is important to recognize that we are not the �rst research group to evaluate the feasibility of measuring
shoulder proprioception in a clinical setting through an active movement reproduction task. Research has
been conducted using digital inclinometers (ICC = 0.7) (28, 31), a goniometer (ICC = 0.5) (28), laser
pointers and basic trigonometry (ICC = 0.78) (28) and an iPod touch with internal accelerometers and
gyroscopes (ICC range 0.65–0.8) (35). Also more complicated shoulder proprioception outcome
measures used in a laboratory setting, such as: an Isokinetic Dynamometer (ICC range 0.56–0.90) (53),
an OPTOTRAK (ICC range 0.65–0.77, ICC of means = 0.87) (54), digital photography and angular
displacements (r = 0.98, P = .81) (36), motion capture systems (ICC = 0.81) (55), FASTRAK system
(ICC=-0.11 to 0.69) (56, 57), AMEDA system (ICC = 0.86) (58) and custom built equipment (ICC range
0.56–0.99) (59) did not necessarily demonstrate higher values of reliability than our study, suggesting a
certain level of complexity to measuring shoulder proprioception acuity. Indeed, the majority of studies
evaluating an aspect of shoulder proprioception do not report the associated psychometric properties of
their protocols (24), contributing to the convoluted nature of this topic.

What’s more, the vast majority of previous shoulder proprioception studies focused on other sub-
modalities of proprioception, notably kinesthesia and passive joint position sense (PJPS) (24). A recent
systematic review suggested that PJPS protocols demonstrates the strongest reliability properties for
shoulder proprioception (a weighted average ICC = 0.92 ±  0.07) (24). However, it was our reasoning that
passive movements do not elicit proprioception feedback throughout the movement, but rather only
report information regarding stretch or tension, near or at end range of joint mobility. It was therefore our
determination that PJPS protocols did not adequately capture common functionality. By contrast, as our
daily movements require our active and conscious neuromuscular system and associated proprioceptors
to be engaged, we assessed that active reaching movements were most suitable for measuring shoulder
proprioception acuity. The design of the SPReT arguably maximises its ecological validity and clinical
applicability, for example i) the active, conscious and open-chained reaching movement throughout
multiple planes, ii) the involvement of the entire upper extremity and iii) the evaluation in standing.
However, these design elements could also have been contributing factors to the lower-than-expected
reliability properties of the SPReT.

In line with the current literature, AJPS protocols support lower reliability properties compared to PJPS
(24). This could be because of the higher number of internal neurophysiological variables that
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accompany active movements. These include the activation of different mechanoreceptors, an increase
in the number of possible degrees of freedom with movements and consequently compensatory
movement strategies, the activation of conscious pathways potentially introducing an element of cerebral
attention and processing, as well as the involvement of surrounding joints for the execution of a
movement. By contrast, passive protocols isolate a single testing joint and perform the movement for the
participant within a single plane, thus minimizing combinations of impactful variables and potentially
freeing cognitive effort and higher processing for the participant. Our decision to focus on upper
extremity function (ecological validity) instead of an arguably more-established method of measuring
shoulder proprioception (a passive protocol), could have contributed to the lower reliability of the SPReT.
The reliability of the SPReT tool could be improved by evaluating a larger sample size, testing targeted
populations with speci�c shoulder proprioception impairments, such as individuals with joint instabilities
(14–16) or rotator cuff dysfunctions (18–20) (21), as well as making adjustments to the protocol; for
example, testing in a seated position, potentially eliminating some compensatory movements.

The global scores (overall means and sums) of the SPReT using all 7 targets, supported the highest
reliability (ICC = 0.77), and could be clinically applicable given the time for a full evaluation. If time is the
deciding factor, the evaluation of the superior target only may not be ideal for a time-conscious clinician.
At this time, the superior target appears to be the most clinically relevant for the measurement of shoulder
proprioception as it supports the best discriminant validity and reliability properties and it takes an
estimated 5 minutes to complete; however, future research is needed to con�rm these �ndings.

Strength and limitations of the study
The SPReT is a user-friendly tool which employs functional and active reaching movements for the
assessment of shoulder proprioception. It has potential for use in a clinical setting for practitioners who
are interested in the assessment and progression of proprioception in their treatment strategy.

Nonetheless, there are limitations which should be addressed for future research. As our study involved a
newly developed tool, we chose to work with healthy participants to establish baseline data. However, the
potential lack of variability in proprioceptive error between healthy participants as well as the moderate
number of participants could have impacted our reliability measures (41).

Also, the performance of the fatigue protocol to the dominant shoulder of 20 randomized participants did
not affect the overall SPReT scores as anticipated. This could be because of the multi-joint involvement
of the upper extremity during the reaching movements as well as the short-term and localized fatigue
effect from the protocol; arguably only affecting the stabilizing muscles of the GH joint. It is also possible
that the fatigue protocol did not cause a consistent level of muscular fatigue across all participants. An
objective measurement of muscle fatigue such as a pre- and post-measurement of the maximum
voluntary contraction (MVC) could have eliminated the subjectivity of the protocol. Objectively
quantifying the level of fatigue of the dominant shoulder could have permitted a more accurate method
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of establishing the discriminant validity of the SPReT. Nonetheless, the SPReT tool did show
discriminatory validity properties in elevation, with the superior and superior-lateral targets.

Conclusions
Our intra-rater test-retest study revealed moderate reliability of the SPReT tool for quantifying shoulder
proprioception acuity with an active reaching movement. The muscular fatigue protocol to the dominant
shoulder did in�uence proprioception acuity in elevation, but not with the SPReT tool as a whole as
anticipated, suggesting further investigation of the discriminant validity of the SPReT is warranted. Given
the simplicity of the tool, the e�cient evaluation method and an appreciable level of reliability for this �rst
phase of development of the SPReT, this tool could have clinical merit. Our initial results, although not
entirely in line with our initial expectations, nevertheless make it possible to identify potential solutions in
order to re�ne this novel outcome measure and continue the development of a shoulder proprioception
measurement which could easily be integrated into clinical practice.
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Figure 1

Visual depiction of the Shoulder Proprioception Reaching Test (SPReT) tool, a plasticized poster of 90 cm
in length and 110 cm in height, mounted on a wall with double-sided magnets. 
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Figure 2

Upper extremity reaching movement to assess the theorized proprioception error (PE) of the SPReT tool.
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Figure 3

Box-plot of the shoulder Proprioception Error (PE) in centimetres for each SPReT target for the �rst (E1)
and second (E2) evaluation.

Caption: S=superior / SL=superior-lateral / L=lateral / IL=inferior-lateral. R=right side of SPReT, L=left side
of SPReT. (1) indicates the �rst evaluation, (2) indicates the second evaluation, 30 minutes later. 
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