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ORIGINAL ARTICLE

Comparison of isometric muscle strength between painful and non-painful
shoulders in patients with symptoms of subacromial impingement

Comparacéo da forca da musculatura isométrica entre ombro doloroso e ndo doloroso em

pacientes com sintomas de impacto subacromial

Elias Pereira de Almeida’, Marcelo Eder Salgasso', Anamaria Siriani de Oliveira?, Thiele de Cassia Libardoni?

ABSTRACT

BACKGROUND AND OBJECTIVES: The subacromial impin-
gement syndrome is a dysfunction of the glenohumeral joint which
can cause pain, functional disability, dependence, and low quality
of life. The aim of this study was to compare the muscle strength
between painful and non-painful shoulders and to verify the rela-
tionship between shoulder pain and disability and isometric muscle
strength of the upper limb and kinesiophobia level in individuals
with symptoms of subacromial impingement syndrome.
METHODS: Twenty volunteers with symptoms of subacromial im-
pingement syndrome participated in the study. The evaluation was
carried out by means of an evaluation form, the Shoulder Pain and
Disability Index questionnaire (SPADI - BRAZIL) to assess disabi-
lity and shoulder pain and the TAMPA questionnaire to analyze the
level of kinesiophobia. The evaluation of shoulder isometric muscle
strength was performed using the Manual Hand-Held Dynamome-
ter stabilized by a rigid band in the movements of flexion, extension,
abduction and internal and external rotation of the shoulder.
RESULTS: In the comparison of muscle strength between
symptomatic and asymptomatic side, evidence of significant dif-
ference (p<0.05) was verified for all movements evaluated. The-
re was a significant negative relationship between shoulder pain
and disability index and isometric muscle strength of flexion and
internal rotation, and a significant positive relationship with the
level of kinesiophobia.

CONCLUSION: Individuals with symptoms of subacromial
impingement syndrome showed a significant reduction in mus-
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cle strength of the symptomatic shoulder. The shoulder pain and
disability index is related to the isometric muscle strength of the
shoulder and to the level of kinesiophobia.

Keywords: Muscle strength, Muscle strength dynamometer,
Physical therapy modalities, Shoulder impingement syndrome.

RESUMO

JUSTIFICATIVA E OBJETIVOS: A sindrome do impacto su-
bacromial ¢ uma disfuncio da articulagio glenoumeral, podendo
gerar dor, incapacidade funcional, dependéncia e baixa qualidade
de vida. O objetivo deste estudo foi comparar a forca muscu-
lar isométrica entre ombro doloroso e nio doloroso e verificar
a relacio entre dor e incapacidade no ombro e forca muscular
isométrica do ombro e nivel de cinesiofobia em individuos com
sintomas de sindrome do impacto subacromial.

METODOS: Participaram do estudo 20 voluntdrios com sin-
tomas de sindrome do impacto subacromial. A avaliagio foi
realizada por meio de ficha de avaliagao, questiondrio Shoulder
Pain and Disability Index (SPADI - BRASIL) para avaliagio
da incapacidade e dor no ombro e questiondrio TAMPA para
analisar o nivel de cinesiofobia. A avaliagio da forca muscu-
lar isométrica do ombro foi realizada utilizando o instrumento
Manual Hand-Held Dynamometer estabilizado por faixa rigida
nos movimentos de flexao, extensio, abducio, rotagio interna
e externa do ombro.

RESULTADOS: Na comparagio de forca muscular isométrica
entre lado sintomdtico e assintomadtico foi verificada evidéncia de
diferenca significativa (p<0,05) para todos os movimentos avalia-
dos. Houve relagio negativa significativa entre indice de dor e in-
capacidade no ombro e forga muscular isométrica no movimento
de flexdo e rotagio interna, além de relacio positiva significativa
com nivel de cinesiofobia.

CONCLUSAO: Individuos com sintomas de sindrome do im-
pacto subacromial apresentaram redugio significativa da forca
muscular isométrica do ombro sintomdtico. O indice de dor e
incapacidade no ombro estd relacionado com for¢a muscular iso-
métrica do ombro e com nivel de cinesiofobia.

Descritores: Dinamometro de forca muscular, Fisioterapia, For-
¢a muscular, Sindrome do impacto do ombro.

INTRODUCTION

The Subacromial Impingement Syndrome (SIS) is considered a
degenerative and inflammatory disease, featuring the impaction
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and/or compression of myotendinous structures present in the
glenohumeral joint'. This syndrome has a progressive character
associated with the cumulative effect of the impact, which may
result in microlesions in the structures, fibrosis of the subacro-
mial bursa, tendinopathies or even rupture of the rotator cuff.
The causes of SIS are: rotator cuff muscle weakness, acromion ab-
normality, post trauma joint instability, ligament laxity, repetitive
trauma and excessive use of the shoulder in work activities>*. It’s
considered the most frequent of the shoulder disorders and can
generate pain, functional disability, dependence and low quality
of life’. More prevalent in females, it's more common between 25
and 64 years of age®. Among chronic diseases that cause shoulder
pain, SIS is responsible, on average, for 40 to 60% of diagnoses"”®.
The main symptoms of SIS are pain and loss of shoulder func-
tion, which can lead to decreased muscle strength’. Some studies
demonstrate this association, observing significant loss of stren-
gth in external rotation, internal rotation and abduction move-
ments of the painful shoulder'!".

Current studies have shown that individuals with SIS tend to
present a high degree of kinesiophobia, but it’s not certain if the-
se findings are related to shoulder pain and disability, which is
important to understand the factors that can alter the functiona-
lity of this joint complex'>"3.

There is a belief that individuals with SIS have reduced muscle
strength in specific shoulder movements and that pain and disa-
bility in this region may be related to this reduction. The kno-
wledge of muscle strength reduction is of great relevance when
treating this disorder, specially using equipment of good reliabi-
lity. In addition to that, this measurement is important for the
precise functional-kinetic diagnosis and treatment based on the
specific changes of this disorder for the individual.

The present study’s objective was to compare isometric muscle
strength between painful and non painful shoulder and verify
the relation of shoulder pain and disability with isometric muscle
strength and level of kinesiophobia in individuals with symp-
toms of the subacromial impingement syndrome.

METHODS

Cross-sectional observational study, including males and females
with a history of unilateral shoulder pain and who tested posi-
tive for at least three of the following subacromial impingement
tests: Hawkins-Kennedy, Neer, Empty Can, painful arch and re-
sistance to external rotation. Positive results on these tests were
considered indicative of subacromial impingement diagnostic
symptoms'“.

The individuals excluded from the study were those who had a his-
tory of shoulder dislocation, glenohumeral joint instability, shoul-
der complex fracture, tendinous and/or ligamentous injury or to-
tal rupture in the upper limbs, carpal tunnel syndrome, systemic
diseases, and who were undergoing physiotherapeutic treatment.
The study participants were selected for convenience. The initial
screening was done through the referral guides received at the
physiotherapy school clinic of the UNIFAFIBE University Cen-
ter, in addition, the researchers announced the research in elec-
tronic media and posters. Those with potential for inclusion were
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scheduled to attend the school clinic, where they were evaluated
and clarified about the stages and objectives of the research. All
individuals who agreed to participate in the research signed the
Free and Informed Consent Term (FICT).

Through the evaluation form, the data of pain prevalence, pain
intensity, involved shoulder and diagnostic hypothesis were col-
lected. The Shoulder Pain and Disability Index (SPADI - BRA-
SIL) was used to evaluate shoulder pain and disability.

SPADI presents 13 items distributed in a pain subscale with five
items and disability with eight items, with each item scored from
zero to 10 points. The final questionnaire score and the scores
obtained separately for each domain are converted into percen-
tages for values ranging from zero to 100, the highest score indi-
cating the worst condition of shoulder disorder’. The TAMPA
scale was used for the evaluation of kinesiophobia, containing 17
questions that assess pain, intensity and symptoms. The mini-
mum score is 17 and the maximum is 68 points; the higher the
score, the higher the level of kinesiophobia'®.

After initial evaluation, the volunteers were submitted to the as-
sessment of the shoulder’s isometric muscle strength, with the
help of the manual Hand-Held Dynamometer (HHD), Lafayet-
te, model 01165.

Before and after the muscle strength measurements, the report of
pain was measured using the visual analog scale (VAS). The VAS is
considered a reliable and validated measure, and the evaluation is ba-
sed on the individual’s report, represented with numbers from zero
to 10, with zero being no pain and 10 the worst possible pain'”'®.
The movements for the muscle strength evaluation were: flexion,
extension, abduction and external and internal rotation of the
shoulder.

The “make test” format was used for measurements during the
tests: the examiner keeps the dynamometer stopped while the
volunteer performs the specific movement of each test against
the apparatus, producing muscle strength in isometric contrac-
tion at specific amplitudes described below, generating greater
torque capacity in accordance with the rule of length - muscle
tension of each individual’.

During all movements a rigid band was used as a resistance me-
thod for the execution of isometric contraction.

To measure muscle strength in the movement of shoulder fle-
xion, the volunteer sat with the shoulder flexed at 90°, elbow
stretched, neutral wrist, with the HHD in the distal region of the
humerus involved by the rigid band attached to the chair.

To evaluate the movement of shoulder extension, the volunteer
sat with the upper limb set aside the body, elbow stretched, neu-
tral wrist, with the HHD between a wall and the posterior distal
region of the humerus.

For the abduction movement, the volunteer sat with the shoulder ab-
ducted at 90°, elbow stretched, neutral fist, with the HHD in the dis-
tal region of the humerus involved by the rigid band fixed to the chair.
For the external rotation movement, the volunteer sat with the
limb set aside the body, Elbow flexed at 90°, neutral fist, with the
HHD positioned on the fist involved by the rigid band attached
to the chair.

For the internal rotation of the shoulder, the volunteer sat with
the limb set aside the body, elbow flexed at 90°, neutral fist, with
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the HHD positioned on the fist involved by the band attached
to a backrest.

The strength measurement unit used was kilograms (kg). The
instrument was programmed with a pressure threshold to trigger
the measurement of strength at 5 kg, thus, the measurement was
only initiated after expressive muscle activity.

Each movement was performed three times with isometric con-
traction maintained for 5s against the resistance of the rigid band
that was involved in the device, 30s rest interval between the
series, considering that the shorter rest interval between measu-
rements could cause fatigue and thus influence the reliability of
the measurement”.

During the intervals the participant was questioned in regard
to the intensity of pain and their capacity to continue with the
measurements. The verbal command with the intent of stimula-
ting the peak of maximum strength was given during the whole
measurement. At the end of each movement, the obtained result
was recorded by the evaluator for the posterior data analysis.

Statistical analysis

Both results extracted from the questionnaires, scales and tests
were previously evaluated. For the comparison values between
painful and non painful shoulder, the dependent t test was used,
in which will be presented the Confidence interval, difference
between the means, evidence of significant difference - p<0.05
and the size of the difference effect: smaller than 5 - moderate
effect size; larger than 5 - large effect size.

In order to verify the relationship between the variables, the Pearson’s
correlation test was used. All statistical analyzes were performed using
the Statistical Package for the Social Sciences (SPSS- 20.0) program.
The sample size was calculated through post hoc analysis using the
G-Power software version 3.1. The Power of the test was 67%.

RESULTS

Twenty individuals participated in the study, 12 males and 8
females, mean age of 41.5+6.7 years old, weight 76.2+11 kg,

Table 1. General sample characteristics

Variables Mean SD
Age (years) 41.5 6.7
Weight (kg) 76.2 11
Height (cm) 162.3 9.5
Time of pain (months) 33.5 4.4

SD = standard deviation

height 162.3+9.5cm and time of pain in months 33.5+4.4 (Ta-
ble 1). Of the 20 participants, 19 were right-handed and 1 left-
-handed. Regarding the painful shoulder, 18 reported pain in the
right side and 2 in the left side. 19 participants presented pain
in the dominant upper limb and only 1 presented pain in the
non-dominant upper limb.

The professions of the participants were: 5 (25%) student, 3
(15%) retired, 2 (10%) stay at home, 2 (10%) salesman, 2 (10%)
futsal athlete, 1 (5%) driver, 1 (5%) supervisor, 1 (5%) teacher, 1
(5%) health agent, 1 (5%) clerk and 1 (5%) construction worker.
In the evaluation of pain intensity pre and postmensurations of
isometric muscle strength, performed through the VAS, initially
10 (50%) participants reported pain in the symptomatic limb
<4 and 10 (50%) reported pain >4. After the execution of the
tests, 4 (20%) participants reported pain <4 and the remaining
16 reported pain >4.

In the shoulder pain and disability evaluation that was perfor-
med through the SPADI - BRAZIL questionnaire, the indivi-
duals presented a pain score of 32.5+5.7, a disability score of
59.2+8.6 and a total of 41.3+7.8. The total kinesiophobia score,
measured through the TAMPA scale, was 42.2+8.66.

The correlation analysis demonstrated a significant negative rela-
tionship between the SPADI-total value and isometric muscle stren-
gth of shoulder flexors (r=-0.51; p=0.02) and internal shoulder ro-
tators (r= -0.58; p=0.06), as well as a significant positive relationship
between SPADI-total and kinesiophobia level (r= 0.60; p=0.02);
The comparison values of isometric muscle strength between the
symptomatic and asymptomatic side are presented in Table 2.

DISCUSSION

The present study’s results showed significant reduction of isome-
tric muscle strength in all glenohumeral movements of the painful
shoulder in comparison to the non painful shoulder, with less evi-
dence of significant difference in shoulder extension movement.
In addition to that, a significant negative relationship between
SPADI-total values and isometric muscle strength in the flexion
movement and internal rotation of the shoulder, as well as a po-
sitive relationship between SPADI-total and kinesiophobia level
were also demonstrated.

The participants in this study presented symptoms of SIS, con-
firming the hypothesis of diagnosis through the positive result of
at least three out of five special subacromial impingement tests,
as described by the study™.

The study® evaluated whether the extent of rotator cuff injury in
patients with SIS influenced shoulder muscle strength. Initially, the

Table 2. Values of the isometric muscle strength comparison between symptomatic and asymptomatic sides. Data presented in mean, standard

deviation, mean difference between the sides (95% Cl) and r effect size

Movements Symptomatic side Asymptomatic side Average difference between the sides (95% CI) r effect size
Flexion 13.2 (4.52) 16.2 (5.61) -3 (-4.42; -1.49) 0.7*
Extension 11.3 (4.35) 13.4 (4.26) -2.1(-2.13; -.01) 0.4*
Abduction 11.3 (4.18) 15.0 (4.43) - 3.7 (-5.04; -2.14) 0.8*
External rotation 12.3 (4.67) 14.5 (5.30) -2.2 (-1.88; -.47) 0.6*
Internal rotation 8.6 (2.91) 10.3 (3.44) -1.7 (-2.72; -.73) 0.6*

* Evidence of significant difference — p<0.05; Cl = confidence interval
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muscle strength of the individuals was measured and after by arthros-
copic evaluation checking the extent of the lesions.

The authors observed that the intense weakness in muscle stren-
gth in the abduction, flexion and external rotation movements
of the shoulder were directly proportional to the extent of the
rotator cuff injury.

It is not possible to infer that the decrease in muscle strength in
the individuals of the present study may have occurred due to the
presence of muscle injury, because this variable was not measured.
The assessment of isometric muscle strength was performed with
the manual dynamometer, being stabilized by a rigid band, thus
resulting in greater reliability of measures.

The study®' observed a significant reduction of the isometric
muscle strength of lateral rotation and shoulder abduction, ho-
wever, this reduction was not representative in the internal rota-
tion of patients with SIS.

In any case, the assessments were made using the manual isokinetic
dynamometer, being manually stabilized, therefore leading to a ques-
tioning of the reliability of its measurements, because in this method
the equipment can suffer oscillations that alter the strength resultant.
The results of the present study demonstrated a reduction in iso-
metric muscle strength in all movements of the shoulder on the
symptomatic side, with emphasis on the abduction movement. The
study? also observed a decrease in strength of the scapular muscles
and symptomatic shoulder flexors and abductors in individuals with
SIS, showing a significant decrease in abduction strength.

These findings, in general, could be explained by the study®,
which suggested, through electromyography, that individuals
with SIS present in the symptomatic limb an alteration of neuro-
muscular activation of the thoracic and glenohumeral scapulae,
which may lead to a deficit of muscle function that would justify
the reduction in strength.

It’s believed that the muscle strength showed a reduction in the
symptomatic side in relation to the asymptomatic side due to
the presence of shoulder pain. In this context, the study* verified
whether pain inhibition in individuals with SIS could contri-
bute to increasing the muscle strength. They initially measured
glenohumeral muscle strength with the isokinetic dynamometer.
Right after that, all individuals received subacromial injection of
lidocaine and bupivacaine, and after 5 minutes the sequence of
strength tests was repeated.

Inhibition of pain contributes significantly to the increase of
muscular strength, being that 93% of individuals show an in-
crease in muscular strength for the movement of abduction and
79% for the movement of external rotation of the shoulder.

It was possible to observe that the index of shoulder pain and disa-
bility, measured by the SPADI-total score, presented a significant
negative relation with isometric muscle strength in the movements
of flexion and internal rotation, that is, the higher the index of
pain and disability, the lower was the isometric muscle strength of
the respective muscle groups in action during the movements of
flexion and internal rotation.

The isometric measures of shoulder rotation provide reliable pa-
rameters on the functional integrity of the rotator cuff muscles,
in addition to that, the measures of isometric rotation strength,
when reduced, were predictive of shoulder disability®. The stu-
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dy? correlated the isokinetic shoulder muscle strength and pain,
suggesting that the cause of scapular and rotator cuff muscles
weakness is directly linked to the presence of symptoms.

The present study’s results cannot affirm relation of causality bet-
ween muscle weakness and shoulder pain and disability.
Another finding was the positive relation of the pain and di-
sability index with the kinesiophobia score, suggesting that the
higher the index of SPADI-total, the higher was the TAMPA
score. The individuals that reported a high index of pain and di-
sability may present higher expectations of intensified symptoms
during the limb movement, being that one of the explanations of
high degrees of kinesiophobia**?’.

In the same context, it should be taken into account that the sam-
ple in general presented high pain time. Current studies have found
that pain experienced over a prolonged period may lead to the fear
of moving the affected limb in order to prevent relapses or further
injury, limiting their perceived maximum physical capacity??°.
One of the study’s limitations was the small sample size. Another
limitation was not having carried out a comparison taking into
account the time of symptoms. For this reason, it’s suggested that
other studies be conducted taking these limitations into consi-
deration.

CONCLUSION

The individuals with symptoms of unilateral SIS presented a sig-
nificant reduction of isometric muscle strength in all movements
of the glenohumeral joint when compared to the asymptomatic
side. There was a significant negative relation of pain and disabi-
lity with isometric muscle strength of the shoulder and a signifi-
cant positive relation with the kinesiophobia score.
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