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ABSTRACT  1 

Background: 2 

Proprioception, our limb awareness in space, plays a vital role in maintaining shoulder stability 3 

through neuromuscular control. Following traumatic anterior instability (TAI), proprioceptive 4 

deficits can exist, potentially impairing upper limb function. However, the extent and nature of 5 

these deficits vary, with each injury potentially presenting unique proprioceptive deficit profiles. 6 

The aim of this systematic review were to summarize the available evidence on proprioceptive 7 

deficits following TAI, compared to healthy controls, or the contralateral upper-limb. 8 

Methods: 9 

Literature was searched in PubMed, Scopus, Academic Search Premier, and SportDiscus databases 10 

were systematically searched from inception until December 2024. Selected articles were 11 

systematically assessed, and the methodological quality was established using the JBI Critical 12 

Appraisal Checklist.  Included articles focused on TAI and conscious proprioceptive testing, 13 

including comparison with healthy controls or the unaffected arm. Data was systematically 14 

extracted concerning study design, participant demographics, type of surgery and surgical status, 15 

proprioception sub-categories, proprioception outcome measures and study findings.   16 

Results: Fifteen studies met the inclusion criteria, with nine scoring five or higher on the JBI 17 

Critical Appraisal Checklist, indicating a low risk of bias. Proprioceptive deficits were observed 18 

in individuals with TAI before surgery and up to 6 months post-surgery, compared to the 19 

unaffected limb and or control group, though some studies reported no significant differences. 20 

Deficits, in general, were reported as resolved eight months post-surgery. Variability in results 21 
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across studies emphasized the importance of evaluating the different sub-categories of 22 

proprioception in order to identify specific proprioception deficits in a population affected by TAI. 23 

 Conclusion: This review confirms that proprioceptive deficits are present with TAI, across 24 

proprioception sub-categories. Deficits can be identified through different proprioception 25 

outcomes; However, proprioceptive outcomes vary based on testing methods, timings, and joint 26 

angles, for example. Future research should focus on developing consistent proprioceptive 27 

outcome measures to enhance clinical reliability and applicability for clinicians working in 28 

rehabilitation.  29 

Level of evidence: Level IV; Systematic Review 30 

Keywords: Proprioception; Proprioception deficit; Traumatic injury ; anterior shoulder 31 

dislocation; shoulder instability; systematic review 32 

Shoulder instability is prevalent in sports medicine, especially among young male athletes.32 33 

Despite its high occurrence, the precise definition of shoulder instability remains ambiguous due 34 

to the lack of consensus on its classification.40 Kuhn (2010)25 proposed a classification system 35 

based on several factors, including the frequency of occurrence (first-time versus recurrent), 36 

etiology (traumatic versus non-traumatic), direction (anterior, posterior, inferior,or 37 

multidirectional) and severity (subluxation versus dislocation). Shoulder instability can result from 38 

both traumatic and atraumatic mechanisms, with dislocation being the primary event causing 39 

traumatic anterior instability (TAI). The most prevalent form of TAI occurs following a traumatic 40 

anterior dislocation of the humeral head within the glenoid fossa, which accounts for over 90% of 41 

instability cases,40 with dislocation rates reaching up to 3% per year.32,46 Traumatic dislocation 42 
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often compromises mechanical restraints and damages mechanoreceptors and proprioceptors, 43 

which are essential for the sense of proprioception.  44 

Proprioception, a critical component of the somatosensory system, can be understood as sensory 45 

inputs for self-position and movement awareness.37 It includes joint position sense (active and 46 

passive), kinesthesia, sense of force (SoF), and velocity (SoV),4 as well as senses like vibration, 47 

pressure, and balance.35 Consequently, TAIs affect mechanical and sensorimotor components, 48 

essential to maintaining dynamic shoulder stability. Studies have shown that a decreased sense of 49 

proprioception is associated with shoulder instability.35,29 50 

Proprioception outcome measures have become more common to evaluate the efficacy of 51 

rehabilitation interventions. Often, proprioception outcomes will measure proprioceptive accuracy 52 

(PA), an individual's ability to perceive proprioceptive information8, through quantifying the 53 

proprioceptive error (PE). A PE, the difference between a targeted position, force or angle and the 54 

participant’s reproduced estimation, can be presented in centimeters, newton or joint angles.4,5  55 

Various methods exist for measuring proprioception.19,15 These include, but are not limited to, 56 

active or passive joint position sense (AJPS, PJPS),19,1 active movement extent discrimination 57 

apparatus (AMEDA),6 threshold to detection of passive motion (TTDPM), and force or velocity 58 

reproduction tests.11 Rehabilitation approaches for TAI are multifaceted and often include 59 

elements of joint mobilization, strengthening, and functional exercises to improve proprioception 60 

and neuromuscular control.24 Indeed, enhancing shoulder proprioception is key in TAI 61 

rehabilitation to restore motor control and prevent GH joint instabilities. Recent systematic reviews 62 

on proprioceptive deficits in patients with shoulder injuries or pain have reported inconsistent 63 

findings, suggesting that proprioception is dependent on the specific pathology, joint, and the type 64 
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of test used. 2,16 PA may also vary based on specific stimuli, such as the speed of motion or target 65 

joint position.20  66 

Given that TAI is one of the most common causes of shoulder instability and reoccurring 67 

dislocations, especially among young athletes, it is important to understand proprioceptive deficits 68 

specific to this condition. Although understanding of shoulder proprioception has advanced, 69 

clinicians still lack a comprehensive overview linking specific proprioceptive deficits to particular 70 

pathologies such as TAI. By focusing on deficits of the different proprioception sub-categories 71 

(JPS, kinesthesia, SoF, SoV), this review aims to provide a clear synthesis of current knowledge 72 

on proprioceptive deficits among individuals affected by TAI. It also offers avenues for future 73 

research and helps clinicians better understand the factors that may influence proprioceptive 74 

measurements, allowing them to integrate this understanding into the design of more effective 75 

rehabilitation programs. 76 

Material and Methods  77 

The systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta- 78 

Analyses (PRISMA) guidelines.33  79 

SEARCH STRATEGY 80 

A systematic search of abstracts and titles of articles was conducted across multiple databases 81 

(PubMed, Scopus, Academic Search Premier, SportDiscuss), without limiting the search to free-82 

text articles or publication dates. Filters were applied for human participants and studies published 83 

in English. The search was initially conducted in January 2023 and repeated in December 2024. A 84 

proprioceptive deficit was defined as a reduction, or impairment, in PA when comparing the 85 
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injured upper limb to the contralateral healthy upper limb or control group. To account for the 86 

varying definitions of shoulder instability, studies involving participants with either a first-time 87 

episode or recurrent shoulder dislocation were included, encompassing instabilities by dislocation 88 

or subluxation of the GH joint. Only instances of anterior instability with a traumatic injury 89 

mechanism were considered. 90 

Inclusion criteria required confirmed instability through surgery, diagnostic imaging, a need for 91 

reduction, clinical testing with apprehension and relocation tests, or any other study detailing at 92 

least one episode of traumatic anterior dislocation of the shoulder. The search strategy 93 

systematically covered all aspects of conscious proprioception,23 including AJPS and PJPS , 94 

kinesthesia (often measured using TTDPM), SoF and SoV. We did not include studies examining 95 

senses of vibration, pressure, tension or balance. The search strategy characteristics as well as the 96 

inclusion and exclusion criteria, are detailed in Table 1.  97 

STUDY SELECTION 98 

Following the removal of duplicates across different databases, two independent reviewers (XA, 99 

MF) screened the titles and abstracts of each study to identify studies that might meet the eligibility 100 

criteria. Studies that appeared to satisfy the inclusion/exclusion criteria, or those whose eligibility 101 

could not be determined from the title/abstract screening, were retrieved for a full-text review. 102 

Both reviewers (XA, MF) independently assessed the full texts of each study. Any disagreements 103 

between the two reviewers were resolved through consultation with a third reviewer (JVC), who 104 

was blinded to the decisions made by the other reviewers.  105 
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DATA EXTRACTION AND QUALITY ASSESSMENT 106 

A standardized data extraction form was used to gather the following information systematically: 107 

author(s) and year of study, study design, sample size, age, sex, number of dislocation episodes, 108 

type of surgery (if applicable), time of measurement, included shoulders, proprioception sub-109 

modalities and proprioceptive outcome measures (Appendix I). The quality of the included studies 110 

was assessed using the JBI Critical Appraisal Checklist for Analytical Cross-Sectional Studies 111 

(JBI-MAStARI).34 The checklist has eight questions, examining the inclusion criteria, participants, 112 

exposure measurement, objective and standard criteria, confounding factors, strategies for 113 

confounding factors, outcome measures, and statistical analysis for each study.  Each question is 114 

answered with “yes”,” no”, or “unclear”. A score of “yes” for more than 5 responses indicates high 115 

methodological quality, whereas a “yes” for 3–4 responses indicate moderate quality, and 0–2 116 

“yes” responses indicate low methodological quality. 117 

Results    118 

Study selection 119 

A total of 603 studies were identified. After using Rayyan.ai (Rayyan Systems Inc., Cambridge, 120 

MA, USA) to remove 280 duplicates, 323 records remained. Following title and abstract screening, 121 

288 studies were excluded. Of the 35 remaining studies, 20 were excluded after reading the full-122 

text, resulting in 15 studies for inclusion in this systematic review (Figure 1). Among the 15 123 

included studies, 11 were cross-sectional studies, 7,8,12-14,21,28,30,39,42,43 and 4 were prospective 124 

studies.27,38,44,48 The full data extraction is available in Appendix I. 125 
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Population 126 

In order to further guide clinicians, individuals affected by a TAI were divided into two subgroups: 127 

those who underwent surgery (TAIS) and those who did not (TAINS). Descriptive results are 128 

presented in terms of participant demographics, proprioceptive outcome measures, and study 129 

results. Regarding the assessment of TAI, three studies provided specific details on how the initial 130 

diagnosis was confirmed; which included using the Apprehension Test ,7,12 and radiography.13 The 131 

remaining 12 studies noted the occurrence of traumatic anterior instability following at least one 132 

dislocation episode but did not provide additional details. 133 

Demographics 134 

In total, this review included 771 injured participants across all groups. The TAINS group was 135 

derived from 10 of the 15 included studies, 8,13,21,27,28,30,38,42,44,48 representing 386 participants, 136 

including 273 males (91%) and 28 females (9%), with a mean age of 27 (± 4) years old. Two 137 

studies did not report the sex ratio.38,48 The TAIS group comprised 385 participants from 9 of the 138 

15 reviewed studies, 7,12,14,27,38,39,43,44,48 consisting of 254 males (86%) and 43 females (14%), with 139 

a mean age of 26 (± 4) years old. Three studies did not report the sex ratio. 38,39,,48 140 

Sub-Categories of Proprioception 141 

Regarding proprioceptive sub-categories, assessments with the TAINS participants,  AJPS was 142 

assessed in 4/10 (40%) studies,13,21,28,44, PJPS in 7/10 (70%) studies,12,21,27,30,38,42,48  and TTDPM 143 

in 5 /10 (50%) studies.12,27,38,42,48  Regarding TAIS participants, AJPS was evaluated in 3/9 (33.3%) 144 

studies, 7,39,44 PJPS in 6/9 (66.7%) studies,12,14,27,38,43,48 and TTDPM in 4/9 studies (44.4%) 145 

.12,27,38,48 146 
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Outcome Measures 147 

Joint position sense 148 

In all studies investigating AJPS or PJPS, participants performed an ipsilateral angle reproduction 149 

task, with proprioceptive errors (PEs) measured in degrees between the target angle and the 150 

reproduced angles. The PEs were reported as mean values over several trials.  151 

Kinesthesia 152 

For kinesthesia, TTDPM was measured by recording the angular displacement in degrees at which 153 

participants detected passive movement. The angular displacement was also reported as a mean 154 

value over multiple trials.  155 

Sense of Force and Velocity 156 

No studies were identified for reporting an outcome of SoF or SoV. 157 

Risk of bias 158 

Of the 15 included studies, nine (60%) were rated as having a low risk of bias, with scores above 159 

5/8. 22,23,25,26,28,30,31,34,36 Six studies (40%) were rated as having a moderate risk of bias, scoring 160 

above 3/8.8,14,28,38,42,48 Common methodological shortcomings across the studies included unclear 161 

diagnosis criteria and the absence of statistical analyses to address potential confounding factors 162 

(see Table 2 for detail).  163 
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Synthesis of Results 164 

Based on statistical analyses of the included studies, two main comparisons were used to assess 165 

proprioceptive deficits following TAI: (1) affected vs. the unaffected contralateral upper limb; and 166 

(2) affected side versus a healthy control group, either dominant or non-dominant upper limbs. 167 

Additionally, four factors were identified that could influence proprioceptive accuracy results: (1) 168 

testing angle (same upper limb tested at different joint angles); (2) time of the progression on the 169 

injury (pre-surgery versus post-surgery and/or post-surgical comparisons) ;(3) surgical 170 

intervention (same upper limb tested with various surgical techniques); and (4) the number of 171 

dislocations (affected upper limb versus affected upper limb among different sub-populations). A 172 

detailed summary of the proprioceptive deficits, or lack thereof, is provided for each sub-category 173 

of proprioception: AJPS, PJPS, and kinesthesia in Figures 2, 3,and 4, respectively. 174 

Active Joint Position Sense 175 

Affected Upper Limb versus a Control Group: 176 

Two studies involving TAINS participants reported conflicting results with the movement of 177 

abduction in the frontal plan. One study found that the control group outperformed the injured side 178 

with differences of 46% at 60°, 31% at 90°, and 25% at 120°.28 By contrast, Hung and colleagues,21 179 

reported no significant differences at 45°, 90°, and 135°of abduction. Concerning flexion, one 180 

study on TAINS participants found that the control group exhibited an improved PA, with 181 

differences of 22% at 90° and 27% at 120° of flexion. 28 Similarly, with TAIS participants, the 182 

control group outperformed the injured upper limb, with differences of 50% at 40° and 57% at 183 

100° of  flexion. 39 184 
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In external rotation, findings were inconsistent across three studies involving TAINS participants. 185 

Two studies showed higher PA for the control group, with differences of 19% at 45°, 25% at 60°, 186 

28 and 22% at 75°.44 However, Hung et colleagues found no significant differences at 45° and 75°. 187 

For internal rotation, two studies on TAINS participants also reported mixed results: one observed 188 

a 11% higher PA for the CG at 30°, 28 while Hung et al21 reported no differences at 45°. Angle-189 

specific variations were noted in flexion, where PA was 35% lower at angles below 60° and 41% 190 

lower at angles above 120° in TAINS participants.28 In abduction, PA was reduced by 34%, 41%, 191 

35%, and 34% at 45°, 60°, 120°, and 135° respectively, compared to 90°. 21,28 Following surgery, 192 

PA showed significant improvements, with gains of 22% at 6 and 12 months and 23% at 36 months 193 

at 75° in external rotation.44 194 

Affected vs. Unaffected: 195 

Two studies reported conflicting findings regarding abduction, flexion, and external rotation in 196 

TAINS participants. Zuckerman et colleagues.48 observed better PA in the unaffected upper limb, 197 

with differences of 53% at 40° flexion, a 55% at 40° abduction, and 49% at 20° external rotation. 198 

In contrast, Lubiatowski et colleagues.28 found no significant differences at 60°, 90°, or 120° in 199 

flexion and abduction, nor at 30° and 45° in external rotation. For internal rotation, Lubiatowski 200 

et colleagues. reported a 42% difference favoring the unaffected side at 30°.28 201 

In TAIS participants, Zuckerman et colleagues.48 reported that the unaffected side outperformed 202 

the affected side, showing a 31% difference at 40° flexion and a 37% difference at 40° abduction 203 

six months post-surgery. Conflicting results were noted for external rotation. Zuckerman et 204 

colleagues.48 reported a 27% difference favoring the affected side at 20° external rotation at six 205 

months post-surgery. However,  Aydin et colleagues.7 found no significant differences at 10° and 206 
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30° external rotation at 10 months post-surgery. Although post-surgical improvements in PA were 207 

observed, deficits persisted in the affected upper limb at six months for flexion, abduction, and 208 

external rotation. 48 By 12 months, no significant differences were noted between the affected and 209 

unaffected upper limbs, indicating recovery in PA over time.48 210 

Passive Joint Position Sense 211 

Affected vs. Control Group: 212 

The CG exhibited superior PA, particularly in internal rotation at 45°, with a 43% difference for 213 

TAINS participants.21 Conflicting results were observed in external rotation. One study reported 214 

better PA for the CG at mid-range (45% difference) and at end-range (53% difference) in the non-215 

dominant upper limb compared to the injured side. 42 However, Hung et colleagues.21 found no 216 

statistical differences at 45° and 90° external rotation in TAINS participants. For TAIS 217 

participants, one study found improved PA for the CG in external rotation at mid-range with a 218 

33% difference. 43 Despite this, no significant differences were observed in external rotation testing 219 

angles for both TAINS,21 and TAIS participants across multiple studies. 12,43 220 

Affected vs. Unaffected:  221 

The comparison between the affected upper limb and the unaffected contralateral limb revealed 222 

consistently better PA in in the unaffected upper limb among TAINS participants. Specifically, in 223 

flexion,  the unaffected upper limb demonstrated a 61% higher PA difference at an unspecified 224 

angle,38 while in abduction, the difference reached 67%.38  For external rotation, conflicting results 225 

were reported. Three studies reported superior PA in the unaffected upper limb, with differences 226 

of 56% at at an unspecified angle, 38 21% at 40°,27 61% at mid-range, and 67% at end-range. 42 227 
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However, one study found no significant difference at 20° of external rotation. 30 Similarly, for 228 

internal rotation, two studies produced mixed findings. While one study identified a 20% 229 

difference favoring the unaffected side at 20°,27another study reported no difference at the same 230 

angle. 30 231 

In TAIS participants, the findings were more consistent. For external rotation, three studies 232 

reported no significant differences at 10°,27 45°, 14 mid-range, and end-range. 43 However, in 233 

internal rotation, conflicting results were noted. One study reported a 36% higher PA in the 234 

unaffected upper limb at 45°, 14whereas another study found no difference at 10°.27  235 

Post-surgical outcomes demonstrated persistent deficits with the affected upper limb at six months. 236 

The unaffected upper limb continued to perform better, with a 53% higher PA in flexion 55% in 237 

adduction, and 49% in external rotation. 38 The type of surgery also appeared to influence PA 238 

outcomes. Open surgeries showed a 41% improvement, while thermal surgeries demonstrated a 239 

39% improvement, both of which outperformed arthroscopic surgery in mid-range external 240 

rotation at 50°.43 Furthermore, patients who underwent inferior capsular shift surgery exhibited 241 

better PA than those who had anterior capsulolabral reconstruction, with differences of 55% in 242 

abduction, 53% in flexion, and 49% in external rotation. 38 No differences, no significant 243 

differences in external rotation PA were observed between TAINS and TAIS participants. 12 244 

Threshold to Detection of Passive Motion  245 

Affected vs. Control Group: 246 
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When comparing TTDPM, significant differences were found favoring the CG, particularly in 247 

external rotation. Specifically, TAINS participants exhibited a 54% lower PA at mid-range and a 248 

59% lower PA at end-range compared to the CG. 42 249 

Affected vs. Unaffected: 250 

For TAINS participants, the unaffected side demonstrated superior PA in flexion and abduction, 251 

particularly at 40° and an unspecified angle, with differences of 21% and 13%, respectively.38,48 252 

In external rotation, four studies showed superior PA in the unaffected side at 10°,27 20°,27,48 and 253 

an unspecified angle, 38,42 with reported differences ranging from 24%,38  to 65%.42 For internal 254 

rotation, a 31% difference favoring the unaffected side was observed at 10°.27 In contrast,  for 255 

TAIS participants, no significant differences in PA were reported across all movement types. 256 

Furthermore, no differences were found between TAINS and TAIS participants in external 257 

rotation, 12 or over time in abduction, flexion, and external rotation. 38  258 

Discussion  259 

This review aimed to investigate suspected proprioceptive deficits across the different sub-260 

categories of proprioception following a traumatic anterior instability of the shoulder. 261 

Proprioceptive deficits were identified among TAINS participants when comparing the affected 262 

side to both a control group and the unaffected contralateral upper limb in abduction, flexion, 263 

external rotation, and internal rotation for AJPS. During passive testing (PJPS) and kinesthetic 264 

testing (TTDPM), deficits were observed in external rotation when compared to a control group, 265 

as well as in abduction, flexion, external rotation, and internal rotation when compared to the 266 

contralateral unaffected upper limb. Few significant differences were reported among AJPS, PJPS, 267 
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and TTDPM outcomes among TAIS participants, with only one study reporting a persistent deficit 268 

beyond six months with AJPS repositioning in shoulder flexion. 39  269 

These findings partially align with those from a previous systematic review and meta-analysis by 270 

Fyhr and colleagues.16 which included 15 studies summarizing the effects of shoulder injuries on 271 

kinesthesia (sense of movement). Fyhr et colleagues.16  found moderate evidence of worse PA 272 

with TTDPM when comparing patients to a control group.  Moreover, they also found a reduced 273 

PA in JPS, both AJPS and PJPS, when comparing the affected shoulder to the unaffected 274 

contralateral side. However, no significant differences were observed in JPS between patients and 275 

controls overall. When analyzed individually, specific movements, particularly abduction and 276 

external rotation, showed significant deficits, as also observed  in this review. 277 

It is worth noting that our findings differ from their results in several key ways. Unlike Fyhr and 278 

colleagues. 16 we did not identify proprioceptive deficits through TTDPM testing.  Also, we found 279 

distinct differences in AJPS and PJPS that were not fully reflected in their meta-analysis.16 These 280 

discrepancies may be due to variations in study design. Fyhr et colleagues.16 included a broad 281 

range of shoulder pathologies—such as TAI, multidirectional glenohumeral instability, shoulder 282 

impingement syndrome, chronic rotator cuff pain, and nonspecific shoulder pain—and combined 283 

all movement directions in their analysis. By contrast, our study focused exclusively on TAI and 284 

presented results in clusters (injured / uninjured; with / without surgery; contralateral limb / control 285 

group) without performing a meta-analysis, given the heterogeneity of the included studies. 286 

Additionally, based on recent evidence, 20 we categorized proprioceptive sub-modalities (AJPS, 287 

PJPS, kinesthesia, SoF, SoV) and performed analyses by two main comparison groups (affected 288 

vs. CG, affected vs. unaffected limbs). This approach provided more detailed patterns of 289 

proprioceptive deficits specific to TAI. Horváth and colleagues. 20 suggest that PA may not be 290 
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universal. Instead, PA may vary according to the bodily location, proprioception outcome measure, 291 

or specific pathology or injury. 10,20 Instead, No consistent associations have been found between 292 

results from different proprioceptive outcomes across different body parts or joints, 20 meaning 293 

that there may not be a transferable proprioception ability across the body.  294 

From an anatomical and physiological perspective, the senses of movement (kinesthesia) and 295 

position (JPS) are indeed distinct. 35 The sense of movement, as assessed through TTDPM, 296 

primarily relies on muscle spindle discharge. In contrast, the sense of position, as evaluated by 297 

AJPS, involves thixotropic changes in muscle spindles and other slowly adapting 298 

mechanoreceptors. Active motion, which involves both afferent (feedback from muscle spindles) 299 

and efferent (motor command) signals, has been shown to improve proprioception accuracy, 18 and 300 

are more representative of daily activities (better ecological validity) .9 Likewise, greater 301 

proprioceptive accuracy has been found with AJPS compared to PJPS testing .45 Therefore, 302 

combining different proprioceptive categories, such as PJPS and AJPS, into a single score offers 303 

limited clinical values and may create confusion for both clinicians and researchers.  304 

Recently, Horvath and colleagues. 20 identified eight aspects to proprioception: joint position, 305 

movement extent, trajectory, velocity, force, muscle tension, weight, and object shape or size 306 

(stereognosis). Each aspect can be assessed using psychophysics methods, such as the method of 307 

adjustment, the method of constant stimuli, and the method of limits. 19 However, our review only 308 

focused on joint position, movement detection, sense of force, and velocity. Our review did not 309 

find any studies exploring the senses of force or velocity, nor did we consider the proprioceptive 310 

aspects of trajectory, tension, weight or object size - leaving many areas within the proprioceptive 311 

realm unexplored. 312 
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When compared to healthy control groups, the affected upper limb exhibited lower PA than both 313 

the dominant and non-dominant upper limbs; highlighting the significant impact of TAI on 314 

PA.28,38,48 These deficits have been observed up to 11 months post-injury in TAINS participants. 315 

21 Prior to surgical intervention, injuries affecting the capsule, labrum, ligaments, and surrounding 316 

muscles can damage neural mechanoreceptors essential for proprioceptive sensation, potentially 317 

contributing to persistent shoulder joint instability. Moreover, restricted activity due to shoulder 318 

instability may reduce overall proprioceptive ability due to reconditioning, while anxiety and 319 

behavioral factors can further disrupt central neuromuscular control and adaptations on the injured 320 

side.27,28 This disruption could partially explain the observed differences between the affected 321 

shoulder and the control groups. 322 

In addition to the deficits observed in comparison with healthy control groups, analyzing 323 

proprioceptive differences between the affected and unaffected upper limbs reveals potential 324 

bilateral implications of unilateral shoulder injury. Recent theories suggest that TAI may impair 325 

the proprioception of the injured side and lead to deficits in the opposite, uninjured shoulder. 28 326 

Some studies have identified increased bilateral brain connectivity in patients with unilateral 327 

shoulder apprehension, suggesting that cognitive processes related to apprehension may be 328 

generalized and not specific to the side of the shoulder instability. 18 It is interesting to consider 329 

evidence of a neural laterality effect, or sharing of proprioception information across cerebral 330 

hemispheres, ultimately affecting the motor performance of the contralateral limb. 9 Active testing 331 

might be particularly sensitive to this phenomenon due to altered central coordination within the 332 

sensorimotor loop. Such bilateral deficits are well-documented within lower-limb injuries,45 and 333 

emerging evidence supports their occurrence involving the shoulder complex as well. 41 334 

Consequently, regarding AJPS testing, it may be more accurate for clinicians to rely on pre-injury 335 
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(whenever possible) or normative values, rather than comparing with the unaffected upper limb, 336 

and researchers are encouraged to include a control group when conducting active testing. 337 

Several factors can influence proprioceptive testing and shape our understanding of PA deficits. It 338 

is important to consider one factor at a time. With the TAIS participants, deficits were present at 339 

six months post-injury but demonstrated improvement by eight months,7,38,48 suggesting that PA 340 

recovery may be time-dependent. Post-surgical interventions aimed at restoring shoulder stability, 341 

such as tightening the capsule and ligaments, likely enhance mechanotransduction of 342 

proprioceptive signals, leading to a gradual PA improvement, particularly when combined with an 343 

appropriate rehabilitation program.3,47 Increasing evidence shows that training focused on specific 344 

proprioceptive aspects within a given injury context can improve the targeted motor function and 345 

may even transfer benefits to untrained motor tasks.3,47 It is interesting to consider a transference 346 

of motor control ability through proprioception exercises.  347 

Testing angles may also play a significant role, particularly for TAINS patients during AJPS 348 

assessments. While PJPS and TTDPM studies found no differences between testing angles ,12,21,43 349 

PA improved progressively with increased range of motion, peaking around 90° of flexion and 350 

abduction and decreasing below 60° and above 120°.8,28 Involving rotation movements, angles did 351 

not appear to influence PA in either active or passive testing, especially in external rotation. 12,43 352 

One possible explanation for the greater accurate of joint position sense around 90° of abduction 353 

and flexion is that, at this angle, the upper limb generates maximum gravitational torque, requiring 354 

higher muscle activation from the shoulder flexors and abductors to maintain the position, 355 

consequently soliciting a higher recruitment or mechanoreceptors and proprioceptors for feedback. 356 

Movements above shoulder level engage not only the GH joint, but also the scapulothoracic and 357 
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acromioclavicular joints. As more anatomical structures are recruited, conscious proprioceptive 358 

accuracy may decreases by conflicting information. 8  359 

Regarding rotational movements, supporting the elbow during testing minimizes gravitational 360 

influence. With passive testing, proprioceptive feedback primarily originates from the stretching 361 

of passive structures near the end of the range of motion. 31 To avoid inducing apprehension in 362 

participants, passive tests are generally conducted in mid-range motion, which may explain the 363 

lack of significant differences between rotational angles.  It is also worth considering whether 364 

healthy individuals display similar sensitivity to testing angles, suggesting that this characteristic 365 

is not specific to TAI participants.8 366 

Strength and Limitations  367 

The strengths of this review include valuable guidance for future studies by emphasizing the 368 

importance of replication and methodological standardization. 1 369 

However, there are limitations to also consider. The included studies’ clinical heterogeneity and 370 

observational nature present significant limitations, requiring cautious interpretation of the results. 371 

Furthermore, the small number of studies dedicated to each specific proprioception sub-category 372 

(JPS/Kinesthesia/SoV/SoF) and the unexplored areas (trajectory/tension/weight/ object size) 373 

highlight the need for further research. Proprioception was assessed using various devices and 374 

outcome measures, including inclinometers, motion analysis systems, and isokinetic 375 

dynamometers, without standardized procedures between studies. The variability in the ranges and 376 

directions of movements tested also likely influenced our findings.  377 
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Our review exclusively included methods requiring conscious awareness of proprioceptive 378 

information, which may limit the ecological validity of our findings, as movement regulation in 379 

daily life largely operates at both a conscious and unconscious level. Proprioceptive signals are 380 

indeed processed through conscious pathways, such as the dorsal column/medial lemniscus 381 

system. 36 However, automatic processes do not rely on conscious perception. We focused on 382 

conscious proprioception to avoid conflating results, as well as there is currently a lack of 383 

understanding of the mechanisms and processes involved in unconscious proprioception. Also, 384 

there has yet to be a clear relationship established between conscious and unconscious 385 

proprioception, this is worth exploring in a separate review. 3,20  386 

Conclusion:   387 

This review highlights deficits in the following sub-modalities of proprioception: AJPS, PJPS, and 388 

kinesthesia in participants with a traumatic anterior shoulder instability, suggesting that the 389 

affected shoulder caries an impairment when compared to a control group or the unaffected upper 390 

limb prior to surgery. While these deficits may persist up to six months post-surgery, our findings 391 

suggest that the proprioceptive differences dissipate by eight months post-surgery. However, 392 

further investigation is warranted to understand the underlying processes and mechanisms. Future 393 

research should build on these insights to standardize study designs, proprioception outcome 394 

measures and enhance statistical analyses by incorporating multiple dimensions and aspects of the 395 

sense of proprioception within their evaluations. 396 
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Figure 1: 538 

Title: Systematic Review of Inclusion according to PRISMA Guidelines 539 

Legends:none 540 

Figure 1: 541 

Title: Evidence on AJPS deficits after Traumatic anterior instability 542 

Legends:TAINS :traumatic anterior instability without surgery; TAIS:traumatic anterior 543 

instability with surgery; ABD°:abduction; F°:Flexion; ER°:external rotation; IR°: internal 544 

rotation; Vs:versus; CG:Control Group; AJPS: Active joint position sense 545 

Figure 2 : 546 

Title: Evidence on PJPS deficits after Traumatic anterior instability 547 
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Legends:TAINS :traumatic anterior instability no surgery; TAIS:traumatic anterior 548 

instability with surgery; ABD°:abduction; F°:Flexion; ER°:external rotation; IR°: internal 549 

rotation; Vs:versus; CG:Control Group; PJPS: Passive joint position sense 550 

Figure 3: 551 

Title: Evidence on TTDPM deficits after Traumatic anterior instability  552 

Legends:TAINS :traumatic anterior instability without surgery; TAIS:traumatic anterior 553 

instability with surgery; ABD°:abduction; F°:Flexion; ER°:external rotation; IR°: internal 554 

rotation; Vs:versus; CG:Control Group; TTDPM: threshold to detection of passive 555 

movement 556 

Table 1: 557 

Title: SEARCH STRATEGY 558 

Legends : JPS : joint position sense, SoF: sense of force; SoV: sense of velocity 559 

Table 2: 560 

Title: Joanna Briggs Institute Critical Appraisal Tools for risk of bias 561 

Legends: Q: question; Y:yes; N:No; U:unknow 562 
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Tables : 
 
TABLE 1 : SEARCH STRATEGY 
 

Keyword   ("Proprioception"[mesh] OR Proprioception[tw] OR "Vestibular Sense"[tw] OR "Sense of Equilibrium"[tw] OR "Equilibrium Sense"[tw] OR 

"Labyrinthine Sense"[tw] OR "Position Sense"[tw] OR "Posture Sense"[tw] OR "Sense of Position"[tw] OR kinematic[tw] OR  "proprioceptive 

information"[tw] OR "Joint position awareness"[tw]) AND ("Joint Instability "[mesh] OR "Joint Instabilities"[tw] OR "Joint Hypermobilities"[tw] OR 

"Joint Hypermobility"[tw] OR "Joint Laxities"[tw] OR "Joint Laxity"[tw] OR "surgically repaired"[tw] OR "unstable shoulders"[tw] OR "traumatic 

anterior dislocation[tw]" OR "shoulder dislocation"[tw] OR "previously injured"[tw] OR "Joint instability"[tw]) AND ("Shoulder Joint"[Mesh] OR 

"Shoulder"[Mesh] OR shoulder[tw] OR "Glenohumeral Joint"[tw] OR "Glenohumeral Joints"[tw] OR "Glenoid Labrum"[tw] OR "acromioclavicular 

joint"[tw] OR "acromioclavicular joints"[tw] OR "coracoclavicular joint"[tw] OR "coracoclavicular joints"[tw] OR "scapulothoracic joint"[tw] OR 

"scapulothoracic joints"[tw] OR "sternoclavicular joint"[tw] OR "sternoclavicular joints"[tw]) 

 

 

 

 

 

 

 

 

 
Database PubMed, Scopus, Academic Search Premier, SportDiscuss  

Date No restrictions on date of publication  

Language English only  

Document type Peer-reviewed Article   

Inclusion Criteria Population: Traumatic anterior instability  

Intervention: Any intervention including observational and interventional study  

Comparison: Non-affected upper limb and/or control group  

Outcome: 

 

Proprioceptive accuracy through one or more conscious proprioceptive outcome measures (JPS/Kinesthesia/SoF/SoV) 
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Exclusion criteria Multidirectional instability, posterior luxation, hyperlaxity patients, and studies not related to shoulder joint or case study.  

 

 

 

 

TABLE 2 : Joanna Briggs Institute Critical Appraisal Tools for  risk of bias 

 

 

Observational: Cross-sectionnal study Total (/8) Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 

Aydin Yavuz Yildiz et al, 2001 7 4 U Y Y U N N Y Y 

Edmonds et al, 2003 12 5 Y Y Y U U U Y Y 

Eshoj et al, 2019 13 6 Y Y Y Y U U Y Y 

Fremerey et al, 2006 14 4 Y U Y U N N Y Y 

Hung et al, 2012 21 5 Y Y Y U N N Y Y 

Lubiatowski et al , 2018 28 4 Y Y Y U N N U Y 

Balke et al, 2011 8 5 Y Y Y U N N Y Y 

MORNIEUX et al, 2018 30 5 Y Y Y U N N Y Y 

Sayaka et al, 2021 39 4 Y U Y U N N Y Y 

Smith et al, 1989 42 4 Y Y Y U N N U Y 

Jo
urn

al 
Pre-

pro
of



Sullivan et al, 2008 43 5 Y Y Y U N N Y Y 

Observational: Prospective study                   

Lephart et al , 1994 27 5 Y Y Y U N N Y Y 

Rokito et al, 2010 38 5 Y Y Y U N N Y Y 

Tsuda et al , 2020 44 5 Y Y Y U N N Y Y 

Zuckerman JD et al, 2003 48 5 Y Y Y U N N Y Y 
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Figure 1: Systematic Review of Inclusion according to PRISMA Guidelines 
 

 

 

 

 
 
 
 
 
 
 
 

Records identified from: 
 

Databases (n =603) 
Registers (n =0) 
Other sources (n=0) 

Duplicates removed (n =280) 
  

Records screened (n =323) 

Records excluded (n =288): 
 
Population: 140 
Outcome: 62 
Study design: 59 
Joint: 22 
Language: 5 

Reports sought for retrieval (n =35) Reports not retrieved (n =0)  

Reports assessed for eligibility (n =35)  

Studies included in review (n =15)  

Id
e

n
ti

fi
c

a
ti

o
n

 
S

c
re

e
n

in
g

 
 

In
c
lu

d
e
d

 

Records excluded (n =20) 
Population :14 
Outcome :5 
Duplicate :1 
 Jo

urn
al 

Pre-
pro

of



Figure 2: Evidence on AJPS deficits after Traumatic anterior instability 
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Figure 3: Evidence on PJPS deficits after Traumatic anterior instability 
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Figure 4: Evidence on TTDPM deficits after Traumatic anterior instability 
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