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Abstract

Introduction. Shoulder impingement syndrome (SIS) is a prevalent musculoskeletal condition characterised by marked pain
and disability which prolong or recur in some patients even after undergoing the current interventions. Cervical proprioceptive
training (CPT) may improve SIS outcomes but lacks research. This study was conducted to study the effects of adding CPT to
the conventional exercises on shoulder pain, disability, and proprioception in SIS patients.

Methods. This randomised controlled, parallel group study included 40 patients (32 female, 8 male) diagnosed with SIS (by an
orthopaedist and confirmed with specialist tests by the researcher) aged 37 + 9 years old and BMI < 32 kg/m? who were randomly
(simple, using the closed envelop method) allocated (1:1) into two groups: group A treated with CPT and conventional exercises
(scapular and rotator cuff strengthening, and posterior capsule stretching), and group B treated with conventional exercises
only. The treatment lasted one month (3 sessions weekly). Patients were excluded if they had one of the following: shoulder
osteoarthritis/trauma/infection/surgery, intra-articular injection, or symptomatic cervical pathology. Outcome measures were:
change in shoulder pain and disability (using the Shoulder Pain and Disability Index), and cervical (flexion, extension, and right
and left rotation) and shoulder (internal and external rotation) proprioception (using a laser pointer and the Protractor smart-
phone app, respectively) from baseline to one month (end of treatment). Paired t tests and ANCOVA (with pre-test scores as
covariates) were used to compare within- and between-group differences, respectively. This study was conducted at the outpa-
tient clinic of 23 of July Chest Hospital in El-Marg, Qalyubia, Egypt and extended from January 2023 to May 2024.

Results. Forty patients (20 in each group) were analysed; group A (n = 20, 17 female, 3 male, 37.7 + 8.5 years, 28.37 + 4.95 kg/m?),
group B (n =20, 15 female, 5 male, 35.8 + 8.96 years, 28.29 + 4.78 kg/m?). There were no significant differences between groups
in demographics (p > 0.05). There were significant improvements in shoulder pain (p-value, 95% ClI; effect sizes were < 0.001,
16.2-23.1, and 3 for group A, < 0.001, 9-19, and 1.3 for group B) or disability (p-value, 95% ClI; effect sizes were < 0.001, 20.4—
29.8, and 1.7 for group A, < 0.001, 9.7-23.5, and 1.13 for group B) post-treatment in either group with no significant differences
between them, while there were significant improvements in shoulder internal rotation proprioception in group A only [p-value =
0.03, 95% CI: -3 — (-0.1), effect size (partial eta squared) 0.12].

Conclusions. Adding cervical proprioceptive training to the conventional exercises improves shoulder proprioception over
conventional exercises alone, while both interventions improve pain and disability equally. This may be important in the sub-
category of patients who have functional/mechanical instability, but it requires further investigation.
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Introduction

Shoulder impingement syndrome (SIS) is defined as pinch-

tator cuff and scapular muscle weakness/imbalance, capsular
tightness, poor posture, overuse, and bony ingrowth [7]. Com-
mon non-operative interventions include medications, in-

ing of soft tissues of the subacromial space (supraspinatus
and long head of biceps tendons, and the bursa) between the
humeral head and acromion during arm elevation causing
marked pain and disability [1]. SIS is the cause behind 36—
38.6% of shoulder painful pathologies and affects 5-47%
(1-year prevalence) of the population (commonly aged 25—
40 years) in Egypt and globally [2-4]. The International Clas-
sification of Diseases (ICD-10) coded SIS as M75.4 [5].
SIS has 3 stages; phase | affects young persons (< 25
years) and is characterised by oedema/haemorrhage and
treated non-operatively, phase |l affects those aged between
25 and 40 years, is characterised by fibrosis/tendinitis, and is
treated non-operatively or with debridement, and the last
phase affects older subjects, is characterised by bone spurs
and tendon rupture, and is treated by decompression and/or
repair [6]. Common causes/risk factors include muscle ro-

tra-articular injections, and physical therapy (mobilisation,
rotator/scapular strengthening, capsular stretching) [6, 8].
The cervical spine is a key area of proprioception, which
maintains normal alignment of body segments, functional sta-
bility, and controlled mobility for the cervical, scapular, and
shoulder regions [9-11]. Cervical proprioception and posture
are impaired in SIS [12, 13], leading to shoulder muscle fa-
tigue, altered mechanics, and functional instability [14]. As
a consequence, shoulder impingement commences [15].
Rehabilitation and exercises are effective in treating shoul-
der pain [16, 17]. However, SIS has a high recurrence rate,
recurring in about 16% of patients within 2 years of proper
rehabilitation [18]. It is hypothesised that impaired proprio-
ception and postural control may be the cause behind this
recurrence. This suggests further investigations in the reha-
bilitation of SIS, such as proprioceptive training [19, 20].
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Zedan et al. [20] found that strengthening of the deep neck
muscles (which improves cervical proprioception due to their
richness in muscle spindles) improved shoulder propriocep-
tion in SIS patients. This is important for patients with SIS as
they showed poor proprioception [19]. Directly targeting cer-
vical proprioception via cervical proprioceptive training (CPT)
is hypothesised to improve shoulder proprioception more.
However, there is a lack of studies addressing the effect of
cervical proprioceptive training (CPT) on shoulder propriocep-
tive error, pain, and dysfunction in patients with SIS. Investi-
gating the effects of CPT in treating SIS may help physio-
therapists to deal with and treat SIS patients in the period of
acute or subacute symptoms, where improving shoulder symp-
toms by active and resistive exercises is not applicable or
restricted.

Almost all studies addressed effects of CPT on neck pos-
ture, proprioception, and pain and found positive results. No
studies related to SIS were identified by the researcher [21, 22].

Therefore, exercises specifically targeting individual mus-
cles with low intensity may not be sufficient to improve shoul-
der joint position sense in healthy subjects. Future work is
needed to further investigate which types of exercise are more
effective in improving joint position sense, and the mecha-
nisms associated with those changes [23].

Determining the effects of cervical proprioceptive training
in treating SIS may help physiotherapists to deal with and
treat SIS patients in the period of acute or subacute symp-
toms, where improving shoulder symptoms by active and re-
sistive exercises is not applicable or restricted. There is a lack
of studies addressing the effect of cervical proprioceptive
training on shoulder outcomes (proprioception, pain, function)
in SIS patients.

Therefore, this study was conducted to study the effects
of ‘cervical proprioceptive training’ on shoulder proprioception,
pain, and disability in patients with SIS.

Subjects and methods

A ‘randomised controlled, parallel group trial’ was per-
formed at the 23 of July Chest Hospital in EI-Marg, Egypt,
from January 2023 until May 2024.

Participants

Forty patients with SIS diagnosed by an orthopaedist (5
years of experience) and rechecked for SIS criteria by the re-
searcher. Patients were randomly and allocated (1:1 ratio)
into two groups: group A received CPT plus conventional ex-
ercises (scapular and rotator cuff strengthening exercises,
and posterior capsule stretching), while group B received con-
ventional exercises only. Randomisation was performed using
the simple method of closed envelopes with sequentially num-
bered containers for allocation. A subject not otherwise as-
sociated with this research randomised and allocated the
patients, and the researchers did not know the allocated group
of any patient before the baseline assessment. The sample
size was determined by the G*power software using an effect
size (d) = 1.3 for shoulder internal rotation proprioception from
a previous study [15], power 0.95, and significance 0.05.

Patients were included if they had SIS (based on criteria
reported elsewhere [24]), age range between 25 and 40 years,
and BMI < 32 kg/m2. Patients were excluded if they had: os-
teoarthritis, rotator cuff tear, trauma, infection, intra-articular
injection within the last 3 months, surgery to the shoulder, or
symptomatic cervical pathology.

Procedure
Assessment procedure

Each patient signed an informed consent form before start-
ing the study. Then, all subjects were evaluated for their shoul-
der pain, disability level, and proprioception before and after
the four weeks of the treatment program.

Shoulder pain and disability were measured using the
Shoulder Pain and Disability Index (SPADI). It is valid (mod-
erate to strong), reliable (high; ICC = 0.87-0.96) and highly
responsive in assessing shoulder pain (5 items) and function
(8 items). The minimal clinically important difference (MCID)
values for SPADI-pain, -disability, and -total were reported as
3, 13, and 14-20, respectively [25-28].

Proprioception: The Protractor smartphone App was used
for assessing shoulder active joint angular reproduction er-
ror during shoulder IR and ER at 30° (reference angle). It had
acceptable reliability (ICC = 0.7-0.94) and validity (ICC = 0.6—
0.72) [29]. Firstly, the affected shoulder of the patient was put
in 30° abduction and horizontal adduction, and 90° elbow
flexion. Next, the shoulder was passively moved and posi-
tioned at the reference angle by the researcher and held for
10 seconds with opened eyes. The arm was then passively
returned to the starting position. The subject was instructed to
actively reposition the shoulder at the reference angle and hold
for recording with closed eyes. Three trials were recorded and
averaged as the absolute difference in degrees between the
patient’s arm angle and the reference angle [30]. MCID was
reported as 2.5 [31].

A laser pointer was used for assessing cervical proprio-
ception. It had good reliability (r = 0.68) and validity (r = 0.95)
[32]. The patient sat with the back supported and head free to
move. A target piece of paper was fixed on a wall about 90 cm
from the seat and at a distance from the ground adjusted for
the height of the patient. A laser pointer was strapped to the
highest point of the head of the patient, who was instructed
to move their head in the tested direction (flexion and exten-
sion, and right and left rotation), then fix the laser beam back
on the centre of this piece of paper for 10 s while keeping the
eyes open. The point reached in each direction was marked.
Then the distance between the piece of paper’s centre and the
reached point was measured using a tape measure [33, 34].

Treatment procedure
Treatment included three sessions of 20-30 min weekly
for four weeks. Patients were instructed not to use medications

for pain relief unless necessary and should tell the researcher.

Cervical proprioceptive training (CPT)

The patients of group A received CPT through the use of
a laser pointer in a similar way to the testing. From a sitting
position, the patients were asked to flex, extend and rotate
their head and then return it to the neutral position (Figure 1A).
This training was commenced with open eyes. Each direction
was repeated 8 times for two sets, with 30 s rest between sets.
Progression was achieved by closing the eyes and altering
the duration (trace shapes for 5 min and progress by increas-
ing by 2-3 min weekly as tolerated), repetitions (2—-3 repetitions
weekly), sets (1 set weekly) and the degree of difficulty of the
task (different shapes and positions, such as standing and
walking) [35-37].
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Figure 1. A — proprioceptive training, B — cross arm stretch, C — sleeper stretch, D — prone extensions with

J

an externally rotated thumb, E — prone horizontal abduction, F — PNF D2 flexion

Conventional exercises

Patients of both groups received shoulder posterior cap-
sule stretching exercises (Figure 1B) (cross body and sleeper
stretches) (Figure 1C), scapular stabiliser strengthening ex-
ercises (Figure 1D, E), and proprioceptive neuromuscular
facilitation diagonal 2 flexion (PNF D2F) (Figure 1F) as de-
scribed elsewhere [7, 38—42]. Each stretching exercise was
performed three times for 30 min with a 10 s rest interval,
whereas each strengthening exercise was performed for
3 sets of 10 repetitions, with 3-5 s hold, 3-5 s rest between
repetitions and 20 s rest between sets.

Statistical analysis

Statistical analysis was conducted using SPSS for win-
dows, version 24 (SPSS, Inc., Chicago, IL). The alpha level was
set at 0.05. The data did not significantly violate the nor-
mality assumption (p-value > 0.05). Homogeneity of variance
was satisfied (p-value > 0.05) and measured using Levene’s
test. Differences between groups in continuous and categori-
cal demographic variables were determined using the inde-
pendent t-test and Chi-squared test (likelihood ratio was used
in case of violation of assumption), respectively. Analysis of
covariance (ANCOVA) with pre-test scores as covariates was
used to test differences between group, whereas the paired
t-test was used to test differences within groups. Correlations
between cervical proprioception and outcomes were meas-
ured with Pearson’s correlation coefficient (r< 0.39 is a weak
correlation, r = 0.40-0.69 is moderate, r = 0.70-1 is strong/
high) [43].

Results
The number of patients who were enrolled, randomised,

treated and analysed are shown in Figure 2. One patient from
each group crossed over to the other group. Intention-to-treat

Assessed for eligibility (n = 43)

.| Excluded (n = 3)
| « not meeting inclusion criteria)

Included (n = 40)

Allocation

A4 A 4

I

Group A (study):
CPT + conventional exercises
(n=20)

Group B (control):
conventional exercises only

(n=20)

A4 A 4

Analysed (n = 20) Analysed (n = 20)

Figure 2. Flow chart of the participants

analysis was applied, and the patients were analysed as as-
signed. There were no drop-outs or adverse events, given
short treatment duration and simple program. All patients
attended at least 70% of the sessions.

General characteristics
Table 1 shows the baseline characteristics of the patients
in both groups. There were non-significant differences in the

baseline characteristics between groups (p > 0.05).

Effect of CPT on shoulder pain, function,
and proprioception

Within-group differences

There was a significant decrease in shoulder pain (p-value,
95% ClI, and effect size were < 0.001, 16.2-23.1, and 3 for
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Table 1. Baseline characteristics of the two groups

group A, < 0.001, 9-19, and 1.3 for group B) and disability

- o, i —
Characteristic Group A Group B p-value (p-value, 95% CI, and effect size were < 0.001, 20.4-29.8,
and 1.7 for group A, < 0.001, 9.7-23.5, and 1.13 for group B)
Age (years, mean £+ SD) | 37.7+8.5 35.8 £ 8.96 0.5 at post-treatment in both groups. Moreover, there was a non-
Weight (kg, mean + SD) | 74.8+11.17 | 7422+ 12.46 | 0.88 significant Fjecrease in shoulder.proprloceptlve error (at ex-
ternal rotation) at post-treatment in both groups (p > 0.05) but
Height (cm, mean + SD) | 162.75 + 4.85 | 162.44 +6.18 | 0.87 group A had a trend towards significance (p-value = 0.07,
BMI (/e L SD) | 28374495 | 28295478 | 0.96 95%: -0.14 -2.3, d = 0.46 vs. 0.25). While, for internal rota-
(kg/m? mean + SD) R e~ : tion, there was a significant decrease in shoulder propriocep-
Gender distribution [count (%)] tive error at post-treatment in group A only (p = 0.01, 95%
Cl: 0.33-2.18, d = 0.69 vs. 0.29) (Table 2).
male 3(15) 5 (25)
0.43 .
female 17 (85) 15 (75) Between-groug differences
Affected side [count (%)] There were no significant differences between groups
right 11 (55) 12 (60) in shoulder pain and disability at post—.tests (p > 0.05) using
0.75 ANCOVA with pre-test values as covariates. Moreover, there
left 9 (45) 8 (40) was a significant difference between groups [p-value = 0.03,
) 95% Cl: -3 to -0.1, effect size (partial eta squared): 0.12] for
O t t (% . ; ’
ceupation [count (%)} internal rotation only (Table 2).
white collar 3 (15) 3(15)
1
blue collar 17 (85) 17 (85)
Table 2. Shoulder pain, disability, and proprioceptive error within and between groups
' Partial o
Time Group A Group B eta squared 95% Cl p-value
Shoulder pain
pre- (mean + SD) 31.16 + 9.58 28.23 + 12.05
post- (mean + SD) 11.49 + 8.78 14.27 + 11.04 0.08 -9.9100.95 0.1
effect size (d) 3 1.3
p-value < 0.001* < 0.001*
95% Cl 16.2-23.1 9-19
Shoulder disability
pre- (mean + SD) 43.92 + 18.89 34.71 £17.55
post- (mean + SD) 18.82 + 16 18.11 £ 15.0 0.054 -12.6t02.4 0.18
effect size (d) 1.7 1.13
p-value < 0.001* <0.001*
95% Cl 20.37-29.83 9.71-23.5
External rotation proprioception
pre- (mean + SD) 423 +1.84 4.3+2.69
post- (mean + SD) 3.39+2 3.56 £ 2.21 0.003 -1.6t01.2 0.76
effect size (d) 0.46 0.25
p-value 0.078 0.28
95% Cl -0.14-2.3 -0.66-2.14
Internal rotation proprioception
pre- (mean + SD) 3.38 +1.61 48 +2.72
post- (mean + SD) 1.94+1.2 3.78 + 2.59 0.12 -3 to -0.1 0.03*
effect size (d) 0.69 0.29
p-value <0.01* 0.19
95% Cl 0.33-2.18 -0.57-2.61
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Table 3. Pearson’s correlation coefficients (r) between cervical and shoulder proprioception

Group Variables Disability CF JPS CEJPS | CRRJPS | CLRUPS Sh°j'|‘;'g' ER Sh°3"F‘,’§r IR
pain 0.932+ 0.592" -0.138 0.122 0.163 ~0.631% | -0.383
disability 0.583 ~0.146 0.009 0.291 ~0.647% | -0.192
CF JPS 0.046 0.466 0.337 ~0.134 ~0.183

A |cEdprs 0.372 ~0.262 ~0.064 ~0.188
CRR JPS 0.017 0.003 -0.209
CLR JPS 0.067 0.493*
shoulder ER JPS 0.325
pain 0.843* ~0.050 0.174 0.419 0.353 0.246 0.297
disability -0.047 0.139 0.403 0.338 0.284 -0.047
CF JPS 0.083 ~0.217 0.195 0.060 -0.057
B |CEJPS 0.173 0.707% | —0.171 ~0.190
CRR JPS ~0.018 ~0.106 -0.009
CLR JPS 0.115 -0.016
shoulder ER JPS -0.005

CF — cervical flexion, CE — cervical extension, JPS — joint position sense, ER — external rotation, IR — Internal rotation

CRR - cervical right rotation, CLR — cervical left rotation
* significant at alpha level < 0.05, ** significant at alpha level < 0.01

Correlations between cervical and shoulder
proprioception

Table 3 shows that cervical (left rotation) and shoulder
proprioception (IR) values were moderately correlated (r =
0.49, p-value < 0.01) only in the study group. There were also
moderate correlations (r = 0.59 and 0.58, respectively) be-
tween cervical flexion proprioception and shoulder pain and
disability (p-value < 0.01), also only in the study group.

Discussion

The present trial aimed to study the combined effects of
CPT and conventional exercises on shoulder pain, disability,
and proprioception in shoulder impingement syndrome pa-
tients, compared to conventional exercises alone. The study
showed that both groups improved significantly post-treat-
ment (p < 0.05) in shoulder pain and disability, while shoulder
proprioception (internal rotation and a trend in external rota-
tion) improved in group A only. Moreover, cervical and shoul-
der proprioception values were moderately correlated. Effect
sizes were large in both groups regarding pain and disability
but were higher in the study group, whereas proprioception
was only moderate-to-large in the study group versus small in
the control group. This and the relatively small Cl indicate the
strong clinical significance of CPT in improving shoulder
proprioception in SIS patients.

Improved pain in both groups can be explained by the ef-
fects of the proprioceptive and/or resistive exercises (dynamic
and eccentric contraction of the muscles) on inducing local
and global hypoalgesia through endogenous pain modula-
tion [44].

CPT improved cervical and shoulder proprioception sig-
nificantly, rather than shoulder function. This finding is sup-
ported by the work of Oziidogru et al. [45], who reported that
there was no relation between shoulder function and cervical
proprioception in healthy young subjects. This may be due to

only healthy young subjects with no/little differences and/
deficits in the studied variables being included.

In 2022, Fatima et al. [46] investigated the effect of add-
ing shoulder proprioceptive training to cervical stabilisation
exercises for 4 weeks on neck pain, disability, and propriocep-
tion in 28 chronic neck pain patients aged 18-45 years. The
authors found additional improvement in pain, disability and
proprioception [46]. In the present study, we investigated the
effect of adding cervical proprioceptive training to shoulder
stabilisation exercises on shoulder pain, disability, and pro-
prioception in 40 SIS patients aged 25-40 years and found
increased improvement in shoulder proprioception. However,
while the difference in the studied populations, small sam-
ple size, and short treatment duration might reduce the sig-
nificance of other (subjective) variables, the significant im-
provement in shoulder proprioception is an interesting finding
because patients with various shoulder pathologies, includ-
ing SIS, demonstrated increased proprioceptive errors [47].
Moreover, higher proprioceptive errors in SIS were related
to the level of shoulder disability and pain [19]. In the present
study, shoulder proprioception improved significantly with no
significant reduction in pain and disability, which can be ex-
plained by the short treatment duration and small sample size.

The CPT improved the posture and balance [48], there-
fore increasing the treatment duration may improve the efficacy
of CPT in reducing pain and disability by improving poor pos-
ture, which can cause shoulder symptoms and their recur-
rence as well. Proper proprioception and postural control may
improve the fine control of movement and prevent micro-
trauma to the tissues during normal daily movement. Positive
effects from proprioceptive and stabilisation training might be
induced by several mechanisms, such as normalised muscle
firing/activity and improved blood circulation [49].

Ager et al. [50] found that adding shoulder proprioceptive
training to the conventional program improved shoulder pro-
prioception, but not pain and disability, over the conventional
program alone in SIS patients. Merging this finding with the
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findings of the current study may suggest that, in the early
stage of rehabilitation of SIS, where the pain/symptoms may
limit application of shoulder proprioceptive training, the ap-
plication of CPT represents a safe and effective alternative
solution.

As with previous studies [51, 52], shoulder stabilisation
exercises (SSEs, e.qg. stretching capsule, strengthening cuff/
scapular muscles) improved shoulder pain and disability in
20 healthy subjects [51] and 60 patients with shoulder pain [52].
However, shoulder proprioception did not improve in the con-
trol group in the current study (received SSEs) compared to
previous studies. This difference may be further explained
by the shorter training duration and methodological differ-
ences in the present study compared to previous ones.

Besides its high effectiveness, CPT has no adverse ef-
fects as no patients reported any harm, took any medication
after the sessions due to adverse reactions, or dropped-out.

This study should be taken with its limitations, which in-
clude the short period of treatment and lack of a placebo or
sham control group. In addition, not all patients progressed
to the advanced levels of CPT.

Conclusions

Conventional exercises with or without cervical proprio-
ceptive training improve shoulder pain and disability, but they
did not improve shoulder proprioception alone in patients with
SIS. Future studies need to investigate effects of cervical pro-
prioceptive training in treating athletes with atraumatic, non-
structural instability.
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