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A b s t r a c t

Introduction: The study aimed to investigate how pain severity in the shoul-
der region affects balance ability, postural stability and fall risk. 
Material and methods: Sixty participants with shoulder pain, aged 42.45 
±6.51 years, were assessed using a  Visual Analog Scale (VAS); they were 
divided into 2 subgroups as a mild pain group (group 1) and a moderate/
severe pain group (group 2). According to VAS-at rest the mild-pain group 
included 39 and the moderate/severe-pain group included 21 subjects. Ac-
cording to VAS-during movement, the mild-pain group included 19 and the 
moderate/severe-pain group included 41 subjects. Balance ability-postural 
stability, fall risk and fear of falling were assessed by the Sportkat System, 
Berg Balance Scale (BBS), and Fall Efficacy scale (FES) respectively. Differenc-
es of variables between mild pain and moderate/severe pain groups were 
analyzed by the independent groups t-test in groups conforming to a normal 
distribution and the Mann-Whitney U test for the variables that did not fit 
a normal distribution.
Results: A  positive relationship was found between VAS-at rest and dou-
ble-foot static balance test score right-left (RL) ratio, while a negative rela-
tionship was found between VAS-at rest and BBS score (p < 0.05). Signifi-
cant differences were found between right foot static balance left score and 
RL ratio according to pain at rest (p < 0.05). 
Conclusions: The results indicated that shoulder pain severity affects bal-
ance parameters. As pain level at rest increases, postural sway increases 
in a  medio-lateral direction, and towards the left while standing on the 
right foot. Approaches regarding increasing balance and postural instability 
should be included in physiotherapy and rehabilitation programs of patients 
with shoulder pain at an early phase to protect patients from balance prob-
lems and fall risk.
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Introduction

The most common symptom after back and neck pain among mus-
culoskeletal pathologies is shoulder pain [1, 2]. One in three adults ex-
periences shoulder pain [1, 2] and limitation in shoulder movements [2]. 
Prevalence of shoulder pain caused by musculoskeletal pathologies is 
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high in the working-age population [1, 2] and it 
affects functions related to work as well as the 
use of leisure-time activities [2]. Also, complaints 
of shoulder pain increase with age [1, 2].

Pain following injury is a  result of the activa-
tion of the nociceptive system, which is a part of 
the somatosensory system [3]. Sensory informa-
tion provided from the shoulder (proprioception) 
comes to the central nervous system (CNS), where 
information is associated with other parts of the 
nervous system and CNS transforms this knowl-
edge into an efferent motor response for coordi-
nated motion patterns and functional stability 
(neuromuscular control) [4].

Patients with shoulder pain have been proven 
to have a deficit in shoulder proprioception [5] and 
deficiencies in the trunk and lower extremity coor-
dination as well [5, 6]. Somatosensory deficits in 
the body, such as the lower extremities or trunk, 
can cause general functional limitations in the 
shoulder region [5, 6]. 

Disorder of one or more sensory inputs com-
ing through afferent ways from the visual, so-
matosensory, or vestibular system [7, 8] causes 
impaired balance control and falls [8–10]. As pain 
affects the somatosensory system [3], this caus-
es decreased balance ability [3, 5]. Also, balance 
control and muscle inhibition pathways caused 
by pain share some pathways in the CNS [3, 5]. 
Therefore, muscle inhibition mechanisms caused 
by pain can adversely affect balance ability [5, 
11]. Pain increases pre-synaptic inhibition of mus-
cle afferents and affects the central modulation 
of the proprioceptive spindles of muscles [5, 11, 
12]. These changes decrease muscle control and 
increase postural sway [11]. A  recent study in 
which patients with shoulder pain were compared 
with healthy subjects showed that pain may also 
negatively affect balance by disrupting neural rate 
processing [5]. 

Decreased balance can lead to mobility lim-
itations, falls and disabilities [13]. Falls may lead 
to permanent and critical consequences such as 
injury, long-term disability, decreased activity and 
mobility, and fear of falling [8, 14, 15]. There is 
a need for postural stability (static and dynamic 
balance) during the performance of daily living ac-
tivities [9]. Falling and loss of balance occur more 
frequently in tasks related to movement, and less 
frequently in static activities [9]. In relation to 
impaired balance, chronic musculoskeletal pain 
is associated with an increased risk of falls [13, 
16], which decreases the level of physical activity 
[16]. Fear of falling is a worrying result of the falls 
[14, 15, 17]. Fear results in the deterioration of the 
ability of movement without falling as well as the 
avoidance of activity, reduced mobility, social iso-
lation and reduced quality of life [8, 14, 15, 18].

Literature studies have shown results such as 
age being associated with the risk of falls, pain in 
the musculoskeletal system and falls and also a re-
lationship between pain and balance is shown [9, 
13–15, 19]. Falls are a great concern for most pa-
tient groups, including even patients with respira-
tory problems, who also experience pain and mus-
culoskeletal disorders which results in increased 
fall risk [20, 21]. However, there is little published 
research investigating the relationship between dif-
ferent levels of shoulder pain, balance ability, fall-
ing risk and fear of falling, involving all age groups 
diagnosed with musculoskeletal shoulder problem. 
Although it is shown that the balance of patients 
with shoulder pain has been negatively affected, 
it is unclear how the level of pain affects balance 
parameters. Therefore, in this study, we aimed to 
investigate the relationship between the severity 
of pain, balance and postural stability, as well as 
fall risk in mainly shoulder pathologies. We hy-
pothesized that when people who have pain in the 
shoulder due to shoulder pathology are grouped 
according to their pain severity, as the pain severi-
ty increases, the balance ability, postural sway and 
falling risk will be affected in a negative way. 

Material and methods

Patients who applied to the a private physio-
therapy and rehabilitation center between March 
2018 and May 2018 for physiotherapy treatment 
and who had a  diagnosis of shoulder patholo-
gy were included. Inclusion criteria were having 
a  shoulder pathology, being between the ages 
of 18 and 50 and the presence of shoulder pain 
for 3 months or longer. Presence of injury in low-
er extremities during the last 6 months affecting 
functional capacity, presence of a history of recon-
struction surgery on the shoulder or lower extrem-
ity (e.g. arthroscopic rotator cuff repair, knee pros-
thesis, cruciate ligament plastic surgery), presence 
of acute or chronic pain (including muscular pain) 
originating from the vertebral column or lower ex-
tremities, presence of any neurological disease or 
chronic headache, presence of inner ear disease, 
acute dizziness, presence of vision or hearing im-
pairment to prevent testing, psychiatric illness and 
psychiatric drug use, drug use affecting the central 
nervous system and the failure to complete spec-
ified tests were determined as exclusion criteria. 
After the method of the study had been structured, 
G*Power software 3.1.9.2 was used to set the sam-
ple size. For a 0.5 effect size with 0.95 power, a to-
tal of 48 participants were needed.

Seventy-one people who met the inclusion cri-
teria were invited to participate. Seven of these 
individuals refused to participate. Four people 
were excluded, as two suffered ankle pain, one 
had knee pain and one was using depression 
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medication. As a result, the study was completed 
with 60 people. All individuals were informed in 
detail about the study and an informed consent 
form was signed. Ethical approval for this study 
was obtained from ethics committee at European 
University of Lefke (ÜEK/03/02/04/1617/7).

Individuals’ physical-social demographic infor-
mation was first recorded by the investigator phys-
iotherapist through a  face-to-face interview. Pain 
at rest and pain with movement were assessed on 
a one-to-one basis according to the Visual Analog 
Scale (VAS) [22]. According to the VAS, values of 
0–3 were considered as mild pain, values of 4–6 as 
moderate pain and values of 7–10 as severe pain. 
Individuals were divided into two groups as mild 
pain group (group 1) and moderate/severe pain 
group (group 2). According to VAS-at rest group 1 
included 39 and group 2 included 21 subjects and 
according to VAS-during movement group 1 in-
cluded 19 and group 2 included 41 subjects.

Static-dynamic balances and postural sway of 
individuals were evaluated objectively with the 
Sportkat System (Computerized Kinesthetic Ability 
Trainer, Sportkat model 4000-TS), which is validat-
ed to objectively assess static and dynamic balance 
[7]. Individuals were assessed for static balance, in 
the form of a double leg and a right/left one foot 
standing when arms cross over on the chest. The 
investigator required individuals to hold the red 
indicator in the middle of the screen for 30 s. Dy-
namic balance was assessed by asking individuals 

to follow the moving indicator on the screen for  
30 s while they were standing on two platforms.

The Berg Balance Scale was used to assess the 
participant’s ability to balance and fall risk during 
14 different tasks [23, 24]. This tool is a  reliable 
and valid tool and is widely used for different di-
agnoses [23, 24]. The Falls Efficacy Scale is a val-
id tool [25] which is used to assess the level of 
concern about falling during 16 different activities 
inside and outside the home. All evaluations were 
completed within 40-60 min with the necessary 
rest periods in between.

Statistical analysis

Descriptive statistics were used to give infor-
mation about the general characteristics of cases. 
Relationships between variables were examined 
using Spearman correlation. Differences of vari-
ables between the mild pain and moderate/severe 
pain groups were analyzed by the independent 
groups t-test in the groups conforming to a nor-
mal distribution and the Mann-Whitney U test for 
the variables that did not fit the normal distribu-
tion. Compliance of the variables with a  normal 
distribution was checked by the Shapiro-Wilks 
test. The significance level was set at p < 0.05.

Results 

The average age of the participants in the 
study was 42.45 ±6.51 years, average height 

Table I. Demographic and medical characteristics of participants

Parameter VAS- at rest (n = 60) VAS-during movement (n = 60) P-value

Group 1 
(n = 39)

Group 2
(n = 21) 

Group 1
(n = 19)

Group 2
(n = 41)

Age [years] 41.44 ±7.47 44.33 ±3.65 42.58 ±6.93 42.39 ±6.39 0.36

Women 24 13 12 25

Men 15 8 7 16

Body weight [kg] 75.50 
±15.52

73.54 
±12.81

73.65 
±15.47

75.35 ±14.27 0.71

Body height [m] 1.67 ±0.08 1.64 ±0.08 1.66 ±0.08 1.66 ±0.08 0.12

BMI [kg/m2] 26.64 ±4.73    27.41 ±5.61 26.12 ±5.11 27.28 ±5 0.69

Dominant arm 35 R/4 L 20 R/l L 16 R/3 L 39 R/2 L

Dominant leg 38 R/1 L 20 R/1 L 18 R/1 L 40 R/1 L

Affected shoulder 18 R/21 L 12 R/9 L 6 R/13 L 24 R/17 L

Affected arm when dominant (%) 46.15 61.90 47.36 63.41

Pain severity 0–3 VAS 39 – 19 –

Pain severity 4–10 VAS – 21 – 41

Pain duration 6 months ≥ * ≥ 3 months 9 7 8 12

Pain duration > 6 months 30 14 11 29
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Table II. Balance test results

Parameter VAS – at rest
1st group

VAS – at rest
2nd group

P-value VAS – dur.  
mvnt

1st group

VAS – dur. 
mvnt 

2nd group

P-value

x SD x SD x SD x SD

BBS 55.23 0.74 54.71 1.10 0.08 55.05 0.97 55.04 0.89 0.95

FES 92.58 7.21 89.23 9.24 0.22 93.47 7.26 90.46 8.32 0.13

SPORTKAT System:

Double-foot static balance 325.12 100.93 351.55 93.45 0.22 335.58 78.35 333.81 107.32 0.71

Double-foot left score 0.53 0.32

Double-foot right score 0.33 0.86

Double-foot Static RL ratio 0.10 0.11

Double-foot front score 0.15 0.52

Double-foot back score 0.73 0.72

Double-foot Static FB ratio 0.29 0.36

Single-foot (Right) Static 
Balance

447.25 219.63 386.82 97.54 0.46 510.18 268.28 387.14 120.53 0.07

Single-foot (Right) Left Score 0.02* 0.13

Single-foot (Right) Right Score 0.77 0.76

Single-foot (Right) RL ratio 0.02* 0.47

Single-foot (Right) Front Score 0.65 0.57

Single-foot (Right) Back Score 0.60 0.40

Single-foot (Right) FB ratio 0.98 0.64

Single-foot (Left) Static Balance 408.26 165.79 395.84 174.29 0.85 431.35 148.75 391.20 175.70 0.34

Single-foot (Left) Left Score 0.67 0.51

Single-foot (Left) Right Score 0.67 0.79

Single-foot (Left) RL ratio 0.95 0.10

Single-foot (Left) Front Score 0.40 0.23

Single-foot (Left) Back Score 0.25 0.58

Single-foot (Left) FB ratio 0.48 0.34

Dynamic Balance 2269.74 355.88 2278.49 333.81 0.92 2323.21 332.31 2249.44 352.99 0.44

Dynamic Left Score 0.70 0.47

Dynamic Right Score 0.68 0.12

Dynamic RL Ratio 0.98 0.97

Dynamic Front Score 0.41 0.44

Dynamic Back Score 0.72 0.72

Dynamic FB Ratio 0.64 0.51

VAS – at rest – Visual Pain Scale – at rest, VAS – dur. mvnt – Visual Pain Scale – during movement, BBS – Berg Balance Scale, FES – Fall 
Efficacy Scale, RL – Right-Left, FB – Front-Back.

1.66 ±0.08 m, body weight 74.81 ±14.55 kg and 
body mass index (BMI) 26.91 ±5.02 kg/m2. No 
statistically significant differences were found 
between the descriptive statistics of subjects. 
Demographic and medical characteristics of the 
subjects participating in the study are shown in 
Table I.

Of the 60 participants in our study, 38 (63.3%) 
had impingement syndrome, 11 (18.3%) had cal-
cified tendinitis, 4 (6.7%) had supraspinatus ten-
dinitis, 2 (3.3%) had bursitis, 2 (3.3%) had periar-
thritis and the other 3 of the patients (5.1%) were 
diagnosed with subscapularis tendinosis, bicipital 
tendinitis and dull shoulder diagnoses. Five (8.3%) 
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of the participants were housewives, 4 (6.7%) 
were teachers, 9 (15%) were in the health sector,  
9 (15%) were labourer, 4 (6.7 %) were military em-
ployees, 1 (1.7%) were retired and 28 (46.7%) were 
employed in desk work. While 7 of the participants 
were not working, 53 were working. Ten (16.7%) of 
the participants had a history of falling within 1 year.

The t-test results are shown in Table II. Inter-
group comparisons showed a  statistically signif-
icant difference between the single foot (right) 
static balance left score and the single foot (right) 
static balance RL ratio with the Sportkat System 

for the VAS-rest subgroups (p < 0.05). There was 
no statistically significant difference between the 
groups in terms of all variables for VAS-at move-
ment results (p > 0.05).

A  statistically weak positive but significant 
correlation was found between right and left (RL) 
ratio of the patients between the resting-balance 
and equilibrium static balance test (p < 0.05) (Ta-
ble III). No statistically significant relationship was 
found between the other parameters (p > 0.05).

There was a  negative weak but statistically 
significant relationship between VAS-at rest and 
BBS (p < 0.05) (Table IV). There was no statistical-
ly significant relationship between VAS-rest and 
VAS-activity and other tests (p < 0.05).

Discussion

Shoulder problems are more common in the 
working population and the risk of experiencing 
shoulder problems increases with the addition of 
physical workplace factors such as work involving 
overhead activities, weight lifting, work requiring 
strength, as well as working in the wrong posture 
[2, 26]. In parallel with the literature, the majority 
of participants were in the working group, but the 
majority of the group consisted of individuals work-
ing in desk work. We think that causes of shoulder 
pain may be working in the wrong posture, repet-

Table III. Relationship between VAS – at rest, VAS – dur. mvnt and Sportkat results 

Parameter VAS-at rest VAS-during movement

r P-value r P-value

Double Foot Static:

Score 0.152 0.247 0.038 0.776

RL 0.271 0.036* 0.228 0.080

FB –0.021 0.875 –0.159 0.224

Single Foot (Right) Static:

Score –0.050 0.706 –0.092 0.483

RL 0.238 0.068 –0.056 0.671

FB 0.134 0.309 0.089 0.498

Single Foot (Left) Static:

Score 0.056 0.672 –0.007 0.958

RL –0.025 0.849 –0.019 0.887

FB 0.093 0.477 –0.021 0.873

Dynamic:

Score 0.064 0.627 –0.049 0.712

RL 0.063 0.631 0.098 0.456

FB –0.49 0.711 0.153 0.244

*p < 0.05, VAS – Visual Pain Scale, RL – Right-Left, FB – Front-Back.

Table IV. Relationship between VAS-at rest and 
VAS-during movement and Balance and Fall Risk/
Fear of Falling tests

VAS
at rest

VAS
dur. mvnt

BBS

r –0.311 –0.053

P-value 0.016* 0.687

FES

r –0.237 –0.244

P-value 0.068 0.060

*P < 0.05, VAS – Visual Pain Scale, BBS – Berg Balance Scale,  
FES – Fall Efficacy Scale.
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itive activities or psychological risk factors in the 
workplace. Female gender, obesity, smoking and 
high age are non-occupational personal risk fac-
tors that cause shoulder problems [2, 26, 27]. The 
majority of the participants were female and over-
weight, in parallel with the literature [1, 2, 26].

In studies conducted on diseases that cause 
widespread chronic pain such as low back pain, 
knee osteoarthritis, and fibromyalgia, it has been 
observed that as the severity of pain increases, 
the balance ability deteriorates, postural stability 
oscillations increase, and risk of falling and fear of 
falling increase [9, 11–13, 28, 29]. Patients with 
respiratory problems [20, 21] and patients with 
foot problems [30] have also been shown to have 
increased fall risk. However, the number of studies 
looking at this relationship was limited in shoul-
der pain. Therefore, in our study, the relationship 
between pain severity and balance, postural sta-
bility and fall risk was investigated in shoulder 
pathologies.

Baierle et al. compared patients with moderate 
to severe shoulder pain and healthy individuals 
with pathology causing shoulder pain in terms 
of balance and postural stability ability [5]. It was 
found that balance ability and postural stability 
of individuals with moderate and severe shoul-
der pain were adversely affected compared to 
the healthy group. However, no relationship was 
found between pain severity and balance ability 
and postural stability. In this study, balance abili-
ty and postural stability were evaluated with the 
S3-Check system (MFT – Grosshoeflein, Germany) 
and pain severity was evaluated with the 15-point 
VAS. Also, unlike our study, only patients with 
moderate and severe shoulder pain were included 
in the study and these individuals were not com-
pared among themselves and individuals were not 
evaluated for fall risk and fear of falling.

The findings of our study show that dynam-
ic balance ability was affected. According to the 
Sportkat System measurement scores, the result 
of the 1950 index score and above is interpreted 
as not good [31]. The average of our participants 
was calculated as an index score 2269.74. Howev-
er, in our study, when we look at the relationship 
between pain severity at rest and activity, balance 
ability measured by the Sportkat System, postur-
al stability and fall risk, no statistically significant 
relationship was found between pain severity and 
dynamic balance scores assessed by the Sportkat 
System. As Khalaj et al. explained in their study 
in 2014, loss of balance occurs mostly in move-
ment-related functions such as walking, and less 
in static activities [9]; we think our results showed 
the same pattern [32].

When pain groups were compared, it was found 
that postural oscillations of the individuals in-
creased to the left in the posture on the right foot. 

Parallel to this, as the pain severity at rest increas-
es, the oscillations in the medio-lateral direction 
increase in the one-foot posture on the right foot. 
We think that the physiotherapy approaches of the 
patients with shoulder pain that we will include in 
the physiotherapy program should include physio-
therapy approaches not only for the pain but also 
for the increased postural oscillations.

In our study, it was observed that balance abil-
ity and fall risk were negatively affected as the 
pain severity increased. While there was no cor-
relation between the pain severity in movement 
and the balance ability, postural stability and fall 
risk in both measurements made with the Sport-
kat System and the measurements performed 
with BBS, it was found that the pain severity in 
BBS increased as the severity of pain fell at rest 
and the balance in the Sportkat System was not 
improved. Postural stability may be affected by 
the severity of pain. According to our findings, as 
the severity of pain at rest increases, postural os-
cillations in the medio-lateral direction increase 
in double foot posture. We think that the Sport-
kat System examines the balance ability, postural 
stability and fall risk in more detail and that BBS 
examines the functional balance ability, because, 
when we look at the mean scores of the two in-
struments, a relationship was found when we cor-
related with the severity of pain while the balance 
ability was not affected. 

A  recent population-based study [33] stated 
the importance of understanding the causes and 
consequences of pain. In the light of our study 
findings, further research is necessary to evaluate 
the effect of shoulder pain on balance param-
eters. A  bigger sample of patients and grouping 
the patients according to diagnosis at all levels of 
pain severity would be beneficial to improve the 
strength of the research. Duration of pain has not 
been limited for a specific period for the sample. 
As postural input might have been affected by 
duration of pain, this parameter would have been 
limited, which would help to better identify the 
relationship. Also, the methods of treatment re-
ceived since the pathology have not been record-
ed, which could also influence the parameters of 
the study. These limitations should be addressed 
in future studies.

In conclusion, shoulder pain affects balance 
ability and postural stability of the individuals and 
increases the risk of falling. Therefore, the addi-
tion of balance and postural control approaches to 
the rehabilitation programs of people with shoul-
der pathology is suggested to protect this popula-
tion against falling.
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