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Abstract 

Background: Glenohumeral joint (GHJ) instability is associated with structural deficits 

and/or alterations in sensory and motor processing however, a proportion of patients 

with GHJ instability fail to respond to surgical and rehabilitative measures. This 

systematic review aimed to establish if functional cortical changes occur in patients 

with GHJ instability.   

Methods: AMED, CINAHL, Cochrane Central Register of Controlled Trials (CENRAL), 

Embase, Medline, PEDro, Pubmed, PsychINFO and Scopus were searched to 25th 

April 2019.  Randomised controlled trials and non-randomised trials were included and 

quality was appraised using the Downs and Black tool.   

Results: 1279 records were identified of which five were included in the review.  All 

studies showed altered cortical function when comparing instability patients with 

healthy controls and included areas associated with higher cortical functions. 

Discussion: The findings of this systematic review offer some insight as to why 

interventions addressing peripheral pathoanatomical factors in patients with GHJ 

instability may fail in some cases due to functional cortical changes.  However, data is 

of moderate to high risk of bias.  Further high-quality research is required to ascertain 

the degree of functional cortical changes associated with the type and duration of GHJ 

instability. 

 
 
 

  



 3 

INTRODUCTION 
 

The glenohumeral joint (GHJ) is the least stable joint in the body 1.  Whilst instability 

is most commonly caused by trauma, a group of patients experience instability in the 

absence of trauma 2.  A common clinical sign of GHJ instability is apprehension 3-5, 

but what causes this apprehension is not certain.  Whether it is structural, due to a 

mismatch in sensory or motor processing 6 or due to cerebral patterning whereby 

patterns of functional connectivity in the brain arouse memories of unpleasant 

sensations and induce motor resistance and anxiety 7 remains unclear. 

 

Surgery to rectify structural deficits in GHJ instability and rehabilitation to correct 

altered motor patterns and proprioceptive deficits can have good results however, 

there are a subset of patients who fail to improve with such measures 2, 8.  What was 

once considered a purely peripheral pathology is now thought to be associated with 

neural alterations including aberrant cortical activity levels 4, 5.   

 

Representation of the physical body within the cortex has been found to be altered in 

persistent pain states 9 as measured by activity within specific areas of the cortex.   

Tactile acuity is suggested to be reflective of cortical activity and cortical 

representation 9, 10 and changes in tactile acuity are thought to be due to neuroplastic 

reorganisation of the higher brain centres 11.  Tactile acuity has been found to be 

altered in multiple persistent pain states 10 such as Chronic Regional Pain Syndrome 

(CRPS) 12, 13, phantom limb pain 14, chronic neck pain 15 and low back pain (LBP) 14.  

Changes in cortical function have also been found in patients with GHJ instability 4, 7, 

16-19.  Whether these changes are the cause or the result of GHJ instability is yet to be 

established.   
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The identification of functional cortical changes has provided potential targets for 

treatments in some certain persistent pain states with the aim of normalising the 

cortical remapping 20, 21.  Therefore, there is potential to incorporate such treatment 

approaches into the management of GHJ instability which may provide the key to 

improved outcomes in certain sub-groups of patients.  To the authors knowledge, this 

is the first systematic review to date evaluating the current literature regarding 

functional cortical changes in GHJ instability.  This systematic review therefore aims 

to provide an overview of the current available research on cortical changes in patients 

with GHJ instability when compared to controls.  Increasing knowledge in this area 

may enhance our understanding of why current treatment approaches may sometimes 

fail, and highlight potential areas for research. 

 

METHODS 

 

This systematic review was undertaken in accordance with the Cochrane Handbook 

for Systematic Reviews of interventions 22 using the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines 23, 24.  The protocol for 

this systematic review was devised and registered with PROSPERO (ID number 

CRD42019132074). 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=132074 

 

Search strategy 

AMED, CINAHL, Cochrane Central Register of Controlled Trials (CENRAL), Embase, 

Medline, PEDro, Pubmed, PsychINFO and Scopus were searched from inception to 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=132074
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25th April 2019.  Grey literature (Open Grey) and trials registers (clinicaltrails.gov) were 

searched for work that was not published before 25th April 2019.  Hand searching of 

the reference lists of included articles for relevant trials was also undertaken.  The full 

electronic search strategy for EMBASE can be found in Table 1.  This search strategy 

was reproduced as closely as possible with all other databases.  The electronic 

searches of all databases were carried out by the main author (ML).  Two authors (ML 

and HP) independently screened titles, abstracts and full text articles for eligibility.  

Disagreements were resolved by discussion and consensus.  If not achieved, a third 

reviewer (LD) was approached to decide if the publication were to be included in the 

review.   

  
EMBASE via Ovid  

1 Shoulder dislocation/ 

2 ((shoulder* or glenohumeral or scapulohumeral) adj4 (dislocat* or sublux* or instab* or luxation or 

apprehen*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, 

drug manufacturer, device trade name, keyword, floating subheading word, candidate term word] 

3 recurrent shoulder dislocation/ 

4 1 or 2 or 3 

5 exp shoulder/ 

6 ((shoulder or glenohumeral or scapulohumeral) adj4 joint*).mp. [mp=title, abstract, heading word, drug 

trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

7 5 or 6 

8 joint instability/ 

9 (instab* or hypermobil* or laxit*).mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, 

candidate term word] 

10 8 or 9 

11 7 and 10 

12 4 or 11 

13 exp brain/ 

14 (brain* or neural or cortex or cortical or somatosensory).mp. [mp=title, abstract, heading word, drug trade 

name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 
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15 tactile discrimination.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term 

word] 

16 graph?esthesia.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, 

drug manufacturer, device trade name, keyword, floating subheading word, candidate term word] 

17 tactile acuity.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, 

drug manufacturer, device trade name, keyword, floating subheading word, candidate term word] 

18 cortical reorgani?ation.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term 

word] 

19 13 or 14 or 15 or 16 or 17 or 18 

20 12 and 19 

Table 1 – search strategy for EMBASE database 

Eligibility  

Studies were eligible for inclusion if they were case-controlled, cross-sectional, 

randomised controlled trials (RCTs) or non-randomised controlled trials (NRCTs).  

RCTs and NRCTs were included if they measured cortical activity prior to the 

experimental intervention and only baseline results were included in the review. 

 

Trials were eligible if participants were diagnosed with traumatic or atraumatic GHJ 

instability.  This required positive tests for apprehension (specifically the apprehension 

and/or apprehension relocation test), a history of traumatic dislocation or diagnosis 

through clinical assessment by a specialist clinician.  No restrictions were placed on 

language or the classification of type or direction of instability.  Trials which assessed 

functional cortical activity either directly through fMRI or indirectly through measures 

of tactile acuity/discrimination (e.g. two-point discrimination, tactile localisation or 

graphaesthesia) were included.  Indirect measures of cortical function considered for 

inclusion were any which assessed tactile acuity which is the precision of the sense of 

touch 10.  Changes of the response profile of neurones to tactile stimulus is associated 

with cortical reorganisation within the brain 25. These two methods of functional cortical 
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activity were chosen in order to maximise the data on cortical function within this niche 

area.   

 

Control groups could be healthy controls defined as those without signs or symptoms 

of shoulder pain, dysfunction or hyperlaxity or the contralateral asymptomatic side of 

individual participants.  Exclusion criteria were any trials that included patients with 

neurological disorders such as a cerebrovascular accident or head injuries.  A 

screening tool based on the PICOS criteria for this systematic review was devised to 

facilitate the inclusion and exclusion of trials.  The tool was piloted by both reviewers 

using the first 50 citations brought up on EMBASE.   

 

Risk of bias 

All included studies were appraised for risk of bias by 2 reviewers (ML and HP) and 

disagreements resolved by arbitration of the third reviewer (LD).  Risk of bias was 

assessed using the Downs and Black (DaB) tool 26.  Using only 1 tool enabled direct 

comparison across studies.   

 

The checklist was modified in line with other studies whereby item 27 was changed to 

a score of 0 (no/unable to determine) or 1 (yes) for the presence or absence of power 

calculations 27-29.  Items 4, 8, 9, 14, 17, 19, 21, 23, 24 and 26 were excluded as they 

were originally included to assess interventions/treatments in RCTs and item 10 was 

excluded as inferential statistics were not relevant in cross-sectional studies 30.  From 

the scoring of each study, a Quality Index (QI) score was calculated as a normalised 

proportion of the points assigned to a study using the following formula:  QI% = (sum 

of scores x 100) / number of items used.  As per Adamczyk et al., 30, a score of >75% 
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was deemed high quality (low risk of bias), 50%-75% moderate quality/risk of bias and 

<50% poor quality (high risk of bias).   

 

Data Extraction 

The two reviewers (ML and HP) independently extracted information using a 

standardised data extraction form (see supplementary material).  Disagreements were 

resolved by consensus and in the event this was not possible, a third reviewer (LD) 

was used for a majority decision.   

 

Synthesis of results 

Due to the heterogeneity of included trials, it was decided that data be analysed using 

narrative synthesis as recommended by The Cochrane Handbook for Systematic 

Reviews of Interventions 31.   

 

The primary outcomes were the results of the measure of cortical activity of 

participants compared to controls, whether that be the identified areas of the cortex as 

through fMRI or the distances or errors associated with more indirect measures such 

as two-point discrimination.  Risk of bias is presented in a table order to compare 

individual studies and their component parts using the DaB tool.   

 

RESULTS 

 

Search 

Database searches yielded 1279 citations; 675 duplicates were removed and a further 

669 removed after screening of all titles and abstracts.  Six full text articles were then 
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screened for eligibility with one more being excluded leaving five articles for inclusion.  

Figure 1 presents a PRISMA flow diagram with reasons for exclusion.  No further 

articles were found during grey literature or hand searching.  All included studies were 

published after 2013.  Three of the five studies were from Switzerland with the 

remaining 2 from the United Kingdom and Japan.   

 

 

Figure 1.  PRISMA flow chart of search 

 

Study Characteristics 

All studies appeared to be prospective case-controlled designs, however only 

Cunningham et al., 18 explicitly stated their study design.  

 
 

Records identified through 
database searching 

(n = 1279) 

Additional records identified 
through other sources 

(n = 0) 

Records after duplicates removed 
(n = 675) 

Records screened 
(n = 675) 

Records excluded 
(n = 669) 

• 665 excluded 

• No full text available (2 
abstracts and 2 poster 
presentations) 

Full-text articles assessed 
for eligibility 

(n = 6) 
Full-text articles excluded, 

with reasons 
(n = 1) 

• 1 No control group 
 

Studies included in 
quantitative synthesis  

(n = 5) 
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Participants 

Participant numbers of included studies varied from 7-28.  The mean age of 

participants ranged from 26.8 years (±1.2) 18 to 28.2 (±8.6) years 17 with a mean across 

all studies of 26.8 (±1.25) years.  Three out of the 5 studies studied only male 

participants whilst the other two included males and females. 

 

Two out of the five studies included only right-handed participants 32, 33,  another only 

had right-handed individuals although it was not clear if this was part of the inclusion 

criteria34.  The other two studies used left- and right-handed individuals 4, 35.  Howard 

et al., 35 flipped the images of left-handed individuals in order to ensure cortical 

activation contralateral to the affected side was matched in all individuals.  A summary 

of the demographic data of included studies is presented in Table 2.   

 

Table 2.  Summary of Study Demographics 

Reference Sample Size (females) 
R handed: L handed 

Age (Mean ± SD) 
(years) 

Type of GHJ 
Instability 

Side of 
GHJ 
Instability 
R:L 

Assessment 
of Cortical 
function Patients Controls Patients Controls 

Cunningham 
et al., (18) 

28 (0) 
28:0 

10 (0) 
10:0 

26.8 ± 
1.2 

29.6 ± 
1.3 

Not defined 18:10 fMRI 

Haller et al., 
(7) 

15 (0) 
15:0 

10(0) 
10:0 

27.5 ± 
6.4 

29.0 ± 
4.7 

Not defined 9:6 fMRI 

Howard et al., 
(31) 

16 (15) 
12:4 

16 (15) 
12:4 

24.2 ± 
6.0 

23.8 ± 
5.1 

Stanmore 
Classification 
Type II/III 

12:4 fMRI 

Shitara et al., 
(17) 

14 (3) 
14:0 

12 (4) 
12:0 

28.2 ± 
8.6 

23.2 ± 
3.2 

Not defined 14:0 fMRI 

Zanchi et al., 
(4) 

14 (0) 
10:4 

10 (0) 
Not given 

27.3 ± 
2.0 

29.6 ± 
1.3 

Not defined 10:4 fMRI 

Table 2. Summary of Study Demographics.  fMRI = Functional Magnetic Resonance Imaging.  Stanmore Classification of GHJ 
instability 3 

 
All but one study did not classify the type of GHJ instability included.  Howard et al., 35 

was the only study to classify the type of instability and recruited Stanmore Triangle 

Classification type II/III instability participants3.  The other studies appeared to exclude 
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this patient group including only participants with a history of previous traumatic 

dislocations or excluding multi-directional instability 4, 17.  Whilst three of the studies 

specified anterior instability within their inclusion criteria 32, 34, 36, one did not specify 

any direction 33, 35 whilst the other alluded to anterior instability through the inclusion 

of patients with a positive apprehension test 33. The diagnosis of instability varied 

between studies and is demonstrated in Table 3 along with other key study design 

characteristics of the included studies.   

 

Table 3. Key study design characteristics 

Reference Method of Clinical diagnosis Experimental 
task 

fMRI technique Analysis 

Cunningham et al., 
(18) 

Apprehension test Apprehension 
and control 
videos 

ICA  
VBM  
GLM  
DTI and TBSS  

GLM 
ICA 

Haller et al., (7) Apprehension test Apprehension 
and control 
videos 

ICA 
VBM 
DTI and TBSS  
GLM 

GLM 
ICA 

Howard et al., (31) History, physical examination and 
arthroscopy.  

Active flexion, 
abduction or 
rest 

Parametric 
mapping using 
MNI 

Cluster 
level 
correct 

Shitara et al., (17) History of >1 traumatic instability, 
positive apprehension and 
relocation test and Bankart lesion 
identified by MR arthrogram  or 
arthroscopy 

Motor 
imagery using 
pictures, 
passive 
shoulder 
motion task 

MNI 
GLM 

GLM 

Zanchi et al., (4) History of traumatic anterior 
glenohumeral instability, positive 
apprehension test and radiological 
evidence on MR arthrogram or CT. 

Apprehension 
and control 
videos 

DTI and TBSS 
ICA 
GLM 

ICA 

Table 3. Key study design characteristics of included studies.  Independent Component Analysis (ICA), Voxel 
Based Morphometry (VBM), General Linear Model (GLM), Diffusion Tensor Imaging (DTI) and Tract Based 
Spatial Statistics (TBSS), Montreal Neurological Imaging (MNI). 

 

Intervention Characteristics 

All studies utilised a task-based fMRI study design using cue stimulation during 

scanning to induce brain activity.  Three studies asked participants to watch self-made 

videos intended to induce states of both rest/non-stimulating (control) and 

apprehension 4, 7, 18.  Shitara et al., 17 used pictures/photographs of a person in three 

different movement conditions (control, lifting a kettle into abduction and forced 
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passive GHJ abduction and external rotation (ABER) and asked participants to 

imagine completing these movements themselves.  Additionally, they used a passive 

shoulder motion task where the shoulder was moved into internal and external rotation 

in 90° abduction.  Finally, Howard et al., 35 used blocks of purely active shoulder 

movement (flexion, abduction or rest) during fMRI assessment.   

 

Assessment of Cortical Function 

Despite the search criteria being open to both direct and indirect measures of cortical 

function, no studies were found which investigated tactile acuity, graphaesthesia or 

any other clinical indirect measure of cortical function.  All included studies used fMRI 

as an assessment of cortical activity.  

 

Risk of Bias 

The results of the risk of bias assessment are presented in Table 4.  Four out of the 

five papers had a quality index score over 50% indicating a moderate risk of bias 7, 17, 

18, 35.  Cunningham et al., 18 and Howard et al., 35 scored the highest with 64.70% whilst 

Zanchi et al., 4 scored lowest with 47.06% and was the only study to be deemed of 

poor quality and therefore at high risk of bias.  The mean QI% for all studies was 

57.64% (±6.86)  

 

All included studies scored poorly for external validity due to participants not being 

truly representative of the normal instability population (variability in gender, hand 

dominance and side of instability).  The lack of adjustment for these cofounders, lack 

of randomisation (which would not be possible in case-controlled trials) and the lack 

of information on the time of recruitment also led to low scores for internal bias for 
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most studies.  However, all studies scored at least 3/6 for internal validity indicating 

low systematic bias.   

 

None of the included studies included a power calculation thus all failed to obtain a 

score in this domain.  Howard et al., 35 did discuss their sample size but referred to a 

sample size used in a previous study and did not undertake their own calculation. 

 

 
Table 4. Risk of bias of included studies 

Reference Reporting 
(n = 7) 

External 
validity (n 
= 3) 
 

Internal 
validity – 
bias 
(n = 4) 

Internal 
validity – 
cofounding 
(n = 2) 

Power 
(n = 1) 

Total 
Score 

QI score 
% 

Cunningham et 
al., (18) 

7 0 3 1 0 11 64.70 

Haller et al., (7) 6 0 3 0 0 9 52.94 

Howard et al., 
(31) 

7 0 3 1 0 11 64.70 

Shitara et al., (17) 7 0 3 0 0 10 58.82 

Zanchi et al., (4) 5 0 3 0 0 8 47.06 

Table 4. Risk of Bias of Included Studies as Assessed by DaB Tool.  n = (number of constituent items within each 
section.  QI % = Quality Index % 

  

Study Findings 

Table 5. summarises the key study findings from all included studies. 

 

Video Apprehension Cues 

Three studies investigated cortical function using self-made videos to assess changes 

in cortical function 4, 7, 18.  and all used ICA and TBSS for their analysis.  Three studies 

showed increased activity in the anterior insula, primary somatosensory cortex and 

primary motor cortex 4, 7, 18 in participants with GHJ instability compared to control 

participants.  Two studies demonstrated increased activity in the anterior cingulate 

cortex (ACC) and posterior cingulate cortex (PCC) 4, 18 in those with GHJ instability.  

Further activity was found within the prefrontal cortex including the dorsomedial 



 14 

prefrontal cortex (dmPFC) 7, 18, frontal pole and dorsolateral prefrontal cortex (dlPFC) 

7, 18.  Additionally, increased activity was also noted within the occipital lobe, inferior 

temporal gyrus 18 and the superior parietal lobe 4, 18. 

 

Motor Imagery 

Shitara et al., 17 was the only study to use motor imagery as a stimulus in the form of 

photos depicting a control position of the shoulder, a movement condition (kettle) and 

an apprehension condition (ABER).  The results identified increased activity (p <0.001) 

in participants with GHJ instability in the kettle (ipsilateral hippocampus and amygdala) 

and in the ABER condition (contralateral hippocampus and ipsilateral precentral gyrus) 

(p<0.001).  In contrast, control participants showed increased activity in the superior 

parietal lobule and motor network on the ipsilateral side to the ‘affected’ shoulder and 

contralateral premotor cortex, primary motor and sensory cortices and the thalamus 

(p<0.001).  Using covariate analysis, additional areas of activity were noted in 

participants with instability as shown in Table 5.  

 

Movement Stimulus 

Two studies looked at the effect of movement on cortical activity 17, 35.  Shitara et al., 

17 in addition to motor imagery, investigated the effect of passive movement on cortical 

activity.  Participants’ shoulders were positioned into approximately 90° abduction and 

then internally and externally rotated.  The authors found no significantly different brain 

activity in instability participants compared to controls with passive movement.  

However, the control participants showed increased activity in the pre- and postcentral 

gyrus, superior frontal gyrus, and medial temporal pole ipsilateral to the side of 
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instability and the middle and inferior temporal gyri and angular gyrus contralateral to 

the affected shoulder.   

 

In contrast, Howard et al., 35 used the active movements of flexion and abduction to 

investigate cortical activity.  They found significantly increased activity in the 

contralateral primary motor cortex, supramarginal gyrus, frontal gyrus, precentral 

gyrus and middle frontal gyrus in participants with GHJ instability.  Further voxel wise 

correction showed a specific voxel in Brodmann area 4, the primary motor cortex, 

which was greater in all instability participants except one who had normal shoulder 

related outcome measures.   In contrast, control participants showed significantly 

greater activity in the ipsilateral parahippocampal gyrus and the perirhinal cortex.   

 

One publication excluded from the review as it did not meet the inclusion criteria does 

however merit discussion.  Ladermann et al., 19 produced a poster presentation and 

the authors were contacted, however this study was not published for unknown 

reasons.  The study used videos cues as a stimulus with fMRI and utilised Independent 

Component Analysis (ICA).  No specific anatomical brain regions were identified in the 

results, however their results showed increased functional connectivity in ipsilateral 

motor areas and the default mode network, an area of the brain which includes the 

dmPFC, PCC and the inferior parietal lobule 37.    
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Table 5.  Summary of Key findings 

Reference Experimental 
task 

Cortical activity identified in patients (p) Cortical activity identified in 
controls (p) 

Videos 

Cunningham 
et al., (18) 

Apprehension and 
control videos 

Pain VAS/Rowe/WOSI: Increased activity in bilateral anterior insula, anterior cingulate cortex, 
posterior cingulate cortex, bilateral dorsomedial prefrontal cortex, somatosensory area and 
somatosensory cortex.  Rowe score additionally associated with midcingulate cortex and visual 
and attention areas (p<0.05) 
Significant differences between brain networks of patients and controls (p<0.01) 
Post hoc correlation: Rowe score negatively correlated with activity in bilateral frontal pole and 
posterior division of the left inferior temporal gyrus 
SSV correlated with activity in the bilateral precentral gyrus, bilateral postcentral gyrus and 
bilateral superior parietal lobe 
No statistical difference in grey and white matter density 

None given 

Haler et al., (7) Apprehension and 
control videos 

Higher functional connectivity in bilateral primary sensory-motor area, dlPFC, anterior insula, and 
dACC (p<0.05).  Reduced functional connectivity in a bilateral higher-level visual network including 
the parietal region (p<0.05) 
Increased functional connectivity activation strength in task-positive networks with increasing 
unpleasantness (p0.022) 
GLM:  Activation of left primary sensory-motor area and dlPFC. Contralateral regions showed 
clear non-significant trend   
No statistical difference in white and grey matter. 

None given 

Zanchi et al., 
(4) 

Apprehension and 
control videos 

Hypoactivation in the ventral ACC, posterior cinculate and precuneus 
Hyperactivation of anterior insula, motor and somatosensory cortex 
Increased FA in left internal capsule and thalamus (p<0.05) 

Non-given 

Movement stimulus 

Howard et al., 
(31) 

Movement block of 
flexion, abduction 
or rest 

Hyperactivation in left primary motor cortex (BA4) and supramarginal gyrus (BA40), left inferior 
frontal gyrus (BA44), left precentral gyrus (BA6) and left middle frontal gyrus (BA6) (p<0.05)  
Voxel wise correction: 1 voxel in primary motor cortex (BA4) where activation was greater (p<0.05) 

Greater activation in right 
parahippocampal gyrus (BA27) 
and Perirhinal cortex (BA36) 
(p<0.05). 

Shitara et al., 
(17) 

Passive shoulder 
motion task 

No increase in activity in those with instability vs controls. 
 
Covariate analysis with apprehension and activity: 
Hyperactivation of left middle temporal gyrus, left superior orbital gyrus, left middle frontal gyrus 
and left inferior parietal lobule.   

Increased activity right pre- and 
postcentral gyrus, right superior 
frontal gyrus, right medial 
temporal pole, left middle and 
inferior temporal gyri and left 
angular gyrus (p<0.001). 

Motor imagery 

Shitara et al., 
(17)  

Motor imagery task 
using picture 

Greater activity in right hippocampus and amygdala, right precentral gyrus and left hippocampus 
(p<0.001).  
 
Covariate analysis with apprehension and activity: 

Kettle condition: Increased 
activity left precentral gyrus, left 
post central gyrus, left posterior 
cingulate cortex, right rectal 
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ABER: Increased activity in anterior cingulate cortex (ACC), right S1, hippocampus, 
parahippocampal gyrus, middle occipital gyrus, superior parietal lobule, linguinal gyrus, bilateral 
cerebellum, left thalamus, fusiform gyrus, precuneus and calcarine gyrus in motor imagery. 
Kettle: Hyperactivation in left amygdala, thalamus, inferior frontal gyrus, right rolandic operculum 
and middle occipital, linguinal and rectal gyri during motor imagery.   

gyrus, right superior occipital 
gyrus, right inferior parietal lobule, 
right superior parietal lobule, right 
rectal gyrus, right middle orbital 
gyrus, left paracentral lobule 
(kettle) (p<0.001).   
ABER: Increased activity left 
precentral gyrus, left postcentral 
gyrus, right inferior parietal lobule, 
left paracentral lobule, right 
inferior temporal gyrus, right 
precentral gyrus, left inferior 
parietal lobule, left thalamus, left 
fusiform gyrus, left middle frontal 
gyrus and right fusiform gyrus 
(p<0.001). 
 

Table 5. Summary of Key Study Findings From all Included Studies Grouped by Experimental Task. Visual Analogue Scale (VAS), Western Ontario Shoulder Instability Index, 
Subjective Shoulder Value (SSV), Dorsal Anterior Cingulate Cortex(dACC), General Linear Model (GLM), Dorsolateral Prefrontal Cortex (dlPFC), Functional Anisotropy( FA), 
Brodmann Area (BA), Anterior Cingulate Cortex (ACC), Abduction External Rotation Condition (ABER). 
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DISCUSSION 

 

The aim of this paper was to use a systematic review to investigate if GHJ instability 

was associated with functional cortical changes within the brain. All studies 

demonstrated a difference in cortical function when comparing participants with GHJ 

instability to healthy controls.  The included studies also showed that the area of 

cortical function differed depending on the stimulus used to induce cortical activity.   

 

The findings of this review were not unexpected as functional cortical changes have 

been observed in musculoskeletal conditions such as LBP 38, 39, Medial Patellofemoral 

Ligament Instability (MPFL) 40, Anterior Cruciate Ligament Instability (ACL) 41, 42 and 

CRPS 43, 44.  What was unexpected is that the areas activated in GHJ instability 

patients are not limited to the motor or sensory cortex but are much more complex in 

nature.  The cortical changes observed in patients with GHJ instability involve many 

areas of the brain including the prefrontal cortices, insula, perirhinal and hippocampal 

cortex, hippocampus, cerebellum and the amygdala.  These areas are associated with 

higher cortical functions including anxiety, pain, fear, fearful memories, cognitive 

control of motor behaviour and anticipation 7, 17, 18, 45. 

 

Apprehension and functional changes in cortical activity 

The results suggest that people with GHJ instability appear to be working harder to 

achieve stability 35, have higher levels of motor resistance 7 and pay greater attention 

to external stimuli of threat 17.  Noxious stimuli is associated with increased functional 

activity within the ‘pain matrix’, a brain network including the cingulate cortex, insula, 

limbic system, primary and secondary motor cortices and the frontal and parietal lobes 
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46.  These are the areas of the brain noted to have altered functional activity in patients 

with GHJ instability included within this systematic review (dlPFC, dACC, 

somatosensory area, anterior insula and the dmPFC).  They are collectively 

associated with pain modulation, expectancy of pain, anxiety 18, the cognitive control 

of motor behaviour and appraisal of negative input 7, emotional regulation 7, the 

processing of tactile information and motor resistance, preparation and readiness 7.   

 

Recent work has identified that the pain-matrix is not exclusive to pain and is activated 

by other non-painful stimuli 37.  For example, areas of the pain-matrix are also involved 

in sensorimotor control in patients with LBP which is suggested to indicate altered 

sensorimotor and pain processing which may act as a warning system serving to 

respond to an aparrent threat 38.  Therefore, one interpretation is that the participants 

in the studies included within the review were interpreting the experimental stimuli as 

threatening.  Goosens et al., 38 suggest that LBP participants were over-attentive or 

over-reactive to potential threatening stimuli resulting in overgeneralised motor 

responses to protect the spine which could correlate with the increased motor 

resistance noted in participants with GHJ instability 7, 17.   

 

Movement and function changes in cortical activity 

Two studies examined the impact of movement upon cortical activity 34, 35.  Howard et 

al., 35 used active movements and highlighted a single voxel found in participants with 

GHJ instability overlapping both motor and sensory cortices emphasising the close 

association between sensory processing and movement production.  This single voxel 

corresponds to an area reported to have an inhibitory effect on distant sites within the 

motor cortex and is associated with impaired motor function.  These findings were also 
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found in chronic stroke patients 47 indicating that centrally driven inhibition may have 

a potential role in chronic GHJ instability 35. 

 

Similar to patients with GHJ instability, Kadowaki et al., 40 suggested that 

apprehension regarding patella dislocation in patients with MPFL deficiency evokes a 

fear memory as a result of previous or recurrent dislocation.  Feelings of apprehension 

and instability may continue even after surgery which has been found in GHJ instability 

48.  Similar to some of the studies within the review, increased activity in the visual 

cortex has been found in patients with MPFL instability 40 and ACL injuries 41 and is 

proposed to be due to restricted proprioceptive feedback from injured ligaments and 

a reliance on visual feedback.  Howard et al., 35 found increased activity within areas 

associated with the higher level of processing of sensory information that is thought to 

contribute to GHJ stability.  Therefore patients with GHJ instability could have an 

increased reliance on visual feedback to compensate for a lack of proprioceptive 

feedback as visual and proprioceptive feedback combine to produce accurate limb 

movement 49. 

 

Study heterogeneity and bias 

There was a high level of heterogeneity among all studies including the study 

populations, fMRI parameters and the methods used to stimulate cortical activity.  

Shitara et al., 17 found the areas of the brain activated with motor imagery and passive 

range testing were completely different, indicating that different protocols may impact 

results therefore limiting comparison with one another.  All studies had a moderate to 

high risk of bias and all scored low on external validity as the study populations and 

the environment they were conducted in were not representative of normal clinical 
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practice.   Internal validity scores for cofounding variables was also low due to 

variations in population demographics that was not commonly accounted for within the 

analyses.  However, in small-scale studies such diversity would add significant 

confounders which could skew the results. For example, including both left and right 

handed or male and female participants would require data analysis of these groups 

individually to ascertain for any differences.  However, due to the small number of 

participants within the studies, these calculations would be significantly underpowered 

and may lead to type II error. Whilst a sample size of at least 20 is suggested to result 

in adequate reliability for investigations using fMRI 50.  However, smaller samples sizes 

are not uncommon in fMRI studies due to the financial implications but there is a risk 

of publication of underpowered studies 51 and where no power calculations were 

conducted in any of the included studies. The implications of underpowered studies is 

that any differences in cortical function between controls and instability patients may 

not be detected.  Additionally, there may be higher variance in the results with large 

numbers of cortical areas identified as having altered levels of activity.  The studies in 

this review achieved a moderate to high risk of bias indicating moderate to low quality 

so meaningful conclusions cannot be made confidently from the results of this 

systematic review but they provide a good starting point for further research.   

 

Of note is that the included studies all used different fMRI parameters which can 

impact upon image resolution and detail.  Additionally, different analysis techniques 

were used including the General Linear Model 7, 17, 18, Independent Component 

Analysis (ICA) 4, 7, 18 and Cluster Level Corrections 35 all of which limited comparisons 

between studies. 
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Strengths and limitations 

Strengths of this review include the use of a strict protocol, including non-English 

papers and using a risk of bias tool and using the PRISMA guidelines 24.  The limited 

amount of research available within this area, the heterogeneity of data and the 

differing study protocols making undertaking a meta-analysis unfeasible were 

limitations.  Generalisability of the results of this review is limited due to the specific 

populations of studies such as variations in the type of instability investigated and the 

gender bias towards men.   

 

What are the implications of the review? 

A subset of patients with GHJ instability have failed conservative and surgical 

management which may be due to altered cortical function in these patients.  

Identifying a possible difference in cortical in this group of patients may identify more 

successful management.   

 

The findings do not support a need for a change in current practice.  The British Elbow 

and Shoulder Society recommend the management of Traumatic and Atraumatic GHJ 

instability patients in line with their guidelines.  The included studies appeared to only 

assess patients with anterior instability and predominantly traumatic dislocations and 

therefore are not representative of the entire GHJ instability population and more 

specifically, of the subset who fail to improve with treatment.  This review highlights 

the need for high quality studies into the functional cortical changes associated with 

different classifications of GHJ instability.  This could enable more specific 

management approaches tailored specifically towards the type of instability.  
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Additionally, studies should focus on techniques to assess these changes within the 

clinical setting which would reduce costs and allow appropriately powered studies.  

The results indicate that there is an association between cortical activity in areas 

associated with cognition and emotion in patients with GHJ instability.  This highlights 

a potential area for therapeutic interventions to induce changes in prefrontal cortex 

activity.  Results suggest there may be cortical changes involved in the presentation 

of shoulder instability which warrants further research.  Treatment may need to move 

away from local musculoskeletal exercise-based rehabilitation and consider 

treatments which can impact cortical activity.   

 

 

CONCLUSION 

 

This systematic review found evidence to suggest that shoulder instability is 

associated with functional cortical changes within the brain; however, the evidence 

was at moderate to high risk of bias.  Areas of increased activity and functional 

connectivity included areas associated with the sensory, cognitive and emotional 

processing of pain. This could be a reason why focusing primarily on peripheral 

pathoanatomical assessment and treatment fails in some patient groups.  Identifying 

and targeting higher cortical areas associated with GHJ instability with the appropriate 

interventions could facilitate better management of this subgroup of patients.  
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