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THE EFFECTS OF HAND GRIP FORCE ON SHOULDER MUSCLE
ACTIVITY AT DIFFERENT ANGLES OF SHOULDER RANGE OF
MOTION IN PATIENTS WITH SHOULDER PAIN
Shivani Chowdhury Salian *1, Mansi Modi 2, Divya Desai 3.
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therapy, D.Y.Patil deemed to be University, Nerul, Navi Mumbai, India
3  Junior Resident, Department of Radiology, D.Y.Patil Hospital and Research Centre, Nerul, Navi
Mumbai, India.

In the present research study 4 shoulder muscles-the supraspinatus, infraspinatus, the middle deltoid and the
upper part of the trapezius-were assessed for muscle thickness using real time ultrasonography  (RUSI) in
various degrees of abducted and flexed arm positions, in 30 patients with acute and sub-acute shoulder pain
and 30 asymptomatic healthy subjects (N=60). The symptomatic and asymptomatic subjects were further subdi-
vided according to affection of dominant (n=15) and non-dominant (n=15) shoulder joint. Muscle thickness (mm)
was measured using real time ultrasonography of dominant and non-dominant shoulder in different range of
movement of shoulder abduction and flexion in symptomatic patients and asymptomatic subjects with and
without gripping action on the dynamometer. The subjects were asked to produce a static handgrip force of in 8
different arm positions. In all positions, the subjects held a dynamometer in the hand. The activity in the
shoulder muscles was assessed using RUSI while the participating subjects produced a handgrip with maximal
force.

Muscle thickness and changes with activity was similar in symptomatic and asymptomatic individuals. Muscle
activity increased in the middle deltoid muscle in humeral flexion and abduction from 0 0 through  800, whereas
supraspinatus and lower trapezius showed increased muscle thickness only in the initial ranges of movement of
shoulder flexion, whereas, infraspinatus did not show exhibit any significant change.

Our findings imply that high static hand grip force, particularly in elevated arm positions, increases the load on
some shoulder muscles, independent of presence of pain in the shoulder.  Handgrip activity is important to
evaluate while assessing shoulder load in manual work and in clinical evaluations of patients with shoulder
pain. Also, while rehabilitation it would be possible to make use of hand gripping activity and load the shoulder
muscles differently and distinctly throughout the ranges of movement of shoulder joint.
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incidence of shoulder pain in primary care is
14.7 per 1000 patients per year with a lifetime
prevalence of up to 70%[2,3]. In the community

Shoulder pain is the third most common muscu-
loskeletal condition [1]. The reported annual
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as many as 20% of the adult population experi-
ence shoulder symptoms at any one time and
this seems to be increasing in incidence [4,5].
Most common causes of shoulder pain in
primary care are reported to be rotator cuff
disorders, acromioclavicular joint (AC) disorder
and glenohumeral joint (GH) disorders [6]. The
diagnosis of these disorders is based primarily
upon results of clinical tests [7-10].  The cause
of shoulder pain in India has been reported as
one of the major work related musculoskeletal
complaintsm [11-13]. The prevalence of shoul-
der pain in India has been reported to be 2%
(urban) and 7.4% (rural) population [14.15].
Tenderness in the muscles has perhaps been the
commonest finding in industrial workers with
problems from the shoulder-neck regions
[16,17]. Electromyogram (EMG) investigations
have been made on different kind of workers,
for instance cashiers [18] and dentists [19].
Previous studies have concluded that working
with the arm in an abducted position of more
than 30° for longer periods should be avoided.
The weight of hand tools should be kept as low
as possible. Arm support has in some situations
been recommended [20]. The work site should
allow working in different postures and it should
be possible to take sufficient breaks. Factors that
increase the risk of high loads in the shoulder
muscles have been shown to work with the
hands at or above shoulder level [21,22], static
muscle load, and added load in the hand [23.24],
and repetitive muscle strain [25]. Besides, the
position of the head and neck are important.
There has been little attention given to the
question of whether activity in the hand can
induce an increased activity in the shoulder
muscles, increasing the risk of pain in this
region. The purpose of this study was to clarify
whether such a connection exists in an experi-
mental situation. Earlier studies showed that
intermittent isometric hand activity influenced
the activity of different shoulder muscles 26. They
implied that high static hand grip force, particu-
larly in elevated arm positions, increases the
load on some shoulder muscles assessed in
healthy subjects. They ascertained the stabiliz-
ing muscles (the rotator cuff) were more influ-
enced than the motor muscles by hand activity.
Handgrip activity is important to evaluate while

assessing shoulder load in manual work and in
clinical evaluations of patients with shoulder
pain.
There has been little attention given to the ques-
tion of whether activity in the hand can induce
an increased activity in the shoulder muscles in
patients suffering from shoulder pain, thereby
increasing the risk of more pain in this region.
The purpose of this study was to clarify whether
such a connection exists in an experimental
situation. Result of this study would imply
whether high demands on handgrip force in
shoulder pain patients particularly while
elevated arm positions, added further to the
already high load on some shoulder muscles.
The study was designed to find out which shoul-
der muscles could be affected and if so in what
positions of the upper arm this event takes
place. The muscle work was assessed using
ultrasonographic imaging in collaboration with
the radiology department of D.Y.Patil Hospital
and Research Centre.

MATERIALS AND METHODOLOGY

A cross-sectional study was conducted in a
statistically calculated sample of 60 subjects
(N= 60), divided in 4 groups (n=15) based on
their painful and dominant hand as follows,
Group 1- Symptomatic on dominant side, Group
2- Asymptomatic on dominant side, Group
3- Symptomatic non-dominant side and Group
4- Asymptomatic non-dominant side.  The study
was conducted in the School of Physiotherapy,
D.Y.Patil deemed to be University, Nerul, Navi
Mumbai. Ethics approval was obtained from the
Institutional Ethics committee of the School of
Physiotherapy. The subjects were made to
understand the purpose of this research and
their role in the study in the language best
understood. Written consent was obtained from
all the subjects prior to enrolling them in the
study. Patients within age group of 23-33 years,
with acute and sub-acute unilateral shoulder
pain having at least 800 of shoulder flexion and
abduction on the painful upper extremity and a
SPADI scale score ranging from 10-48% i.e. mild
to moderate section were included in the study.
Patients with history of any upper limb joint
trauma, injury or past surgery, or any infections
or neurological deficit around the shoulder or
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any other joint pain or other non-musculoskel-
etal conditions like cardiac conditions, hyperten-
sion, etc. were excluded from the study.
Study Sample: Study subjects comprised
individuals with unilateral upper extremity
shoulder pain as well as in an age and gender
matched sample of asymptomatic, clinically
healthy subjects. Shoulder pain was considered
and assessed in both symptomatic and asymp-
tomatic as well as on dominant and non-domi-
nant extremity. All the individuals performed
hand gripping with shoulder at various angles
of range of movement from 00 to 800

Muscle evaluated for changes in muscle thick-
ness: Four shoulder muscles were assessed;
supraspinatus, infraspinatus, middle fibres of
deltoid and upper fibres of trapezius. Muscle
thickness was evaluated using real-time ultra-
sonography machine (GE model) with linear
probe and using B-mode by Dr. Divya Desai, from
Department of Radiology, D.Y.Patil Hospital and
Research Centre, Nerul, Navi Mumbai. This was
done by measuring the initial thickness of the
above mentioned muscles at rest and when sub-
ject performed maximal static gripping action
by using handgrip dynamometer at different
shoulder elevation positions (i.e.30o, 60o, 80o of
flexion and abduction) The values of muscle
thickness and maximal static handgrip strength

in both patients and asymptomatic subjects
were documented and later correlated for the
final result of the present study.
RESULTS

Statistical analysis was done using SPSS version
16, the limits of confidence interval were set at
95%. To compare muscle thickness at different
position of shoulder flexion as well as shoulder
abduction with gripping and without gripping,
repeated measure ANOVA test was used.
Muscle thickness of Middle Deltoid, Supraspina-
tus, Infraspinatus and Upper Trapezius was
assessed using Ultrasound Imaging on their
Dominant and Non-dominant extremities in
shoulder flexion as well as shoulder abduction
in Symptomatic and Asymptomatic patients. It
was observed that there was an increase in the

Group Mean Age
(N=60)   (years) M F DOM NON-DOM AS S

1 (n=15) 29 7 8 15 0 0 15
2 (n=15) 26 6 9 15 0 15 0
3 (n=15) 28 5 10 0 15 0 15

4 (n=15) 25 7 8 0 15 15 0

Gender Dominance Symptom

1- Symptomatic on dominant side, 2- Asymptomatic on dominant side, 3- Symptomatic 
non-dominant side and 4- Asymptomatic non-dominant side , M = male, F = Female, DOM 

= dominant upper extremity, NON-DOM = non-dominant upper extremity, AS = 
Asymptomatic, S = Symptomatic

The demographic data was as represented in Table 1.

Table 1: Demographics of the study sample.
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Table 6: Dominant and Non-Dominant Handgrip Strength (kg) measure using a Handgrip Dynamometer during
different range of movement of shoulder abduction and flexion in healthy and shoulder pain subjects.

Groups Mean SD
Std. Error 

Mean
Sig.

Lower Upper

SND 18 1.69 0.44 -5.93 -1.27

AND 21.6 4.06 1.05 -5.98 -1.22

SD 19.87 1.76 0.46 -6.52 -2.28

AD 24.26 3.59 0.92 -6.55 -2.25

SND 17.73 1.98 0.51 -5.45 -1.48

AND 21.2 3.18 0.82 -5.47 -1.46

SD 18 1.51 0.39 -8.07 -3.66

AD 23.87 3.88 1 -8.13 -3.6

SND 16.67 1.95 0.5 -7.19 -2.68

AND 21.6 3.79 0.98 -7.23 -2.64

SD 17.87 2.06 0.53 -7.23 -2.9

AD 22.93 3.53 0.91 -7.26 -2.88

SND 15.87 1.76 0.46 -9.05 -4.02

AND 22.4 4.42 1.14 -9.11 -3.95

SD 17.87 1.59 0.41 -7.35 -3.18

AD 23.13 3.6 0.93 -7.39 -3.14

SND 16.8 2.24 0.58 -6.54 -2.26

AND 21.2 3.36 0.87 -6.55 -2.25

SD 17.87 1.92 0.5 -6.25 -2.55

AD 22.26 2.91 0.75 -6.26 -2.54

SND 16.26 1.83 0.47 -6.77 -2.56

AND 20.93 3.53 0.91 -6.8 -2.53

SD 16.8 2.24 0.57 -6.37 -2.16

AD 21.06 3.28 0.84 -6.38 -2.15

SND 15.47 2.32 0.6 -8.3 -4.77

AND 22 2.39 0.62 -8.3 -4.77

SD 16.8 2.24 0.57 -6.47 -2.6

AD 21.33 2.89 0.74 -6.48 -2.59

Hgrip  with Shldr 
Flex 60

0.02

0.21

Hgrip  with Shldr 
Flex 80

0.01

0.01

95% Confidence Interval of 
the Difference

Hgrip  with Shldr 
Flex Rest

0

0.03

Hgrip  with Shldr 
Flex 30

0.1

0.02

Hgrip = Handgrip, Shldr= shoulder, Abduct= abduction, Flex= flexion, SND= sympathetic and non-dominant extremity, 
AND= a sympathetic and non-dominant extremity, SD= sympathetic and dominant extremity,                            AD= a 

sympathetic and dominant extremity, S.D.= Standard deviation, Sig =Significance

Hgrip  with Shldr 
Abduct 80

0.59

0.64

Hgrip  with Shldr 
Abduct 30

0.04

0.19

Hgrip  with Shldr 
Abduct 60

0.01

0.39

a clinical difference in the values of muscle thick-
ness of supraspinatus, infraspinatus and upper
trapezius muscles; however the difference was
not statistically significant. Table 2 shows the
values of statistical analysis of muscle thickness
of the dominant upper extremity. Similar results
were seen for non-dominant extremity in
symptomatic patients. Table 3 shows values of
the same.
Comparison of muscle thickness of dominant
extremity in asymptomatic subjects showed
statistically significant difference of middle
deltoid muscle thickness from 0°- 80° of

mean values of all the above mentioned muscles
with increase in the angles of shoulder flexion
and abduction in all the subgroups and
difference in values were also noted while
gripping and without gripping.
Comparison of middle deltoid muscle thickness
of dominant extremity in symptomatic patients
showed statistically significant difference of
muscle thickness from   0°- 80° of shoulder
flexion where maximal activity was seen at 80°
without gripping (p= 0.001) as well as with
gripping (p= 0.002) and same at 80° for shoul-
der abduction (p= 0.000), (p= 0.002). There was
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shoulder abduction with maximal activity at
80° without gripping (p= 0.003) as well as with
gripping (p= 0.004), however there was no
statistical difference in the values of  muscle
thickness of the middle deltoid during shoulder
flexion.  There was a clinical difference in the
values of muscle thickness of supraspinatus,
infraspinatus and upper trapezius muscles;
however the difference was not statistically
significant. Table 4 shows the values of
comparison of muscle thickness of dominant
extremity in asymptomatic subjects during
ranges of shoulder abduction and flexion.
Comparison of values of middle deltoid muscle
thickness of non-dominant extremity in
asymptomatic subjects showed significantly
different values for its activation from 0°-80° in
shoulder flexion where maximal activity was
seen at 80° without gripping (p=0.018) as well
as with gripping (p=0.002) and same at 80° for
shoulder abduction (p=0.011) without gripping
as well with gripping (p=0.007).  Assessment of
muscle thickness of supraspinatus muscle
showed statistically significant  difference in the
values from 0°-60° of shoulder flexion with peak
activity at 60° with gripping (p=0.05) and
without gripping (p= 0.005) but during shoulder
abduction no  statistically significant difference
was seen in the values (p=0.070) with gripping
as well while without gripping action.
There was a clinical difference in the values of
muscle thickness of infraspinatus and upper
trapezius muscles; however the difference was
not statistically significant. Table 5 shows the
values of statistical analysis.
Comparison of handgrip strength at different
angle of shoulder abduction and flexion of the
symptomatic and the asymptomatic subjects
shows statistically significant reduction in
values of handgrip strength with increase in the
angle of shoulder flexion and shoulder
abduction. The same results were seen while
considering their dominant or their
non- dominant side. Table 6 shows the result of
analysis and comparison of handgrip strength.

DISCUSSION

Current study assessed 60 subjects which
included subjects with shoulder pain on the
dominant side, shoulder pain on non-dominant

side, asymptomatic subjects without shoulder
pain on dominant and non-dominant side for
their muscles thickness of middle deltoid,
supraspinatus, infraspinatus and upper
trapezius and handgrip strength at rest, 30°, 60°
and 80° of shoulder flexion and shoulder
abduction using ultrasonography and handgrip
dynamometer respectively. The sample size
comprised of 42% males and 58% females.
The age group of 23 to 33 years was selected to
eliminate the effect of any kind of age related
degenerative changes in older population or any
effect of growth related morphological changes
in younger population. The study took into
consideration both dominant and non-dominant
shoulder as we have studies showing difference
in the strength of the muscles on the dominant
and the non-dominant side.
External rotation is needed above 120° of shoul-
der flexion24 and since the present study also
assessed subjects with shoulder pain we
limited the elevation to 80°, so there would not
be any rotation component involved and same
assessment angles can be selected for both
symptomatic and asymptomatic subjects. We
purposely limited the elevation to 80o, so that
upper arm rotation would not be required and
patients with restricted range of shoulder
movement were included in the study. We used
standardized positions of shoulder flexion and
abduction to minimize any of the above
hindrances. Neither the degree of rotation of the
upper arm nor the degree of flexion in the
elbow has any important influence on the
shoulder muscle load [24].
Our findings indicate that static hand activity
influences the muscle activity in the four
investigated shoulder muscles at various
degrees of shoulder elevation in flexion and
abduction until 800. The supraspinatus, the
infraspinatus, and upper trapezius to a lesser
extent and deltoid muscles were most
influenced, by static hand activity. Muscle
thickness increased with increasing angles of
elevation and static hand activity.  Handgrip
strength is most reliably assessed when
calibrated equipment and standard methods are
used [27]. It is generally used for evaluation of
the integrated performances of the muscles by
determining maximal grip force. It can be used
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to establish a baseline for treatment in hand and
shoulder patients and is a measure of effective-
ness of therapy.
The influence of elbow position on grip strength
remains controversial. For example, previous
result of a study which tested grip strength in
61 subjects in 4 positions namely, sitting with
elbow in 90° flexion, sitting with elbow in full
extension, standing with elbow in 90° flexion and
standing with elbow in full extension recorded
lowest scores in subjects sitting with elbow joint
in 90° flexion [28]. Studies also showed highest
grip strength measurement when elbow was
fully extended and grip strength scores
decreases as elbow was positioned in greater
degrees of flexion i.e. 135° of flexion yielded
the weakest grip strength score (p<.0001) [29].
In the present study we have taken into consid-
eration the standardized resting position for
assessment that is in sitting with elbow at 90°
flexion and wrist in neutral while changing the
angles at shoulder for the testing.
Results of the current study are in tandem with
the study conducted in the past which demon-
strated small and insignificant changes with
lower level of hand grip in infraspinatus muscle
and also the trapezius muscles showed very
minimal and insignificant alterations at various
shoulder angles in healthy individuals [30]. The
upper trapezius muscle rises linearly to 180°
abduction and shows undulating actions in
flexion with reduced action in end ranges of
shoulder flexion [31]. This explains the result
obtained in the present study that shows
activity of upper trapezius muscle in first 60° of
shoulder flexion in asymptomatic dominant
subjects and first 80° of shoulder flexion in
symptomatic non-dominant subjects with no
significant activity in asymptomatic non-domi-
nant and symptomatic dominant subjects.
We have studied that infraspinatus muscle
generally works in combination with teres
minor and subscapularis muscles and thus
individual action of infraspinatus muscle is not
remarkable [31] which explains the result
obtained in the present study, of no significant
changes in the muscle action seen at any
degree of shoulder flexion and abduction.
Certain studies have also shown positive corre-
lation between the degree of shoulder muscle

activity compared to deltoid muscle activity and
intensity of handgrip exertion in most of the
tested arm-positions with the infraspinatus and
supraspinatus in contrast to the result of the
present study [30].
Supraspinatus muscle has same pattern of
action as deltoid and is fairly constant through-
out the range of motion (ROM) and for first 60°
of shoulder abduction [31]. This explains the
result of present study related to supraspinatus
muscle which shows its activity in first 80° of
shoulder flexion and shoulder abduction with its
peak torque at 60° and 30° respectively without
gripping in asymptomatic dominant as well as
non-dominant subjects. Any paralysis or
damage to supraspinatus or deltoid muscle may
show weakness in action of supraspinatus
muscle [31] supporting the non-significant
values for activation of this muscle in symptom-
atic dominant and non-dominant subjects in the
present study.
Middle fibres of the deltoid muscles increases
its action up to 120 which peaks at 90° and
decreases from 120° to 180° in shoulder
abduction which supports the result of present
study which shows its activity from 0° to 80° with
maximal at 80° of shoulder abduction. During
shoulder flexion, middle deltoid shows activity
only in the end ranges as the torque decreases
even if the moment arm increases and thus
explains the non-significant values of activation
of middle deltoid muscle during shoulder
flexion ranges in present study which has taken
into consideration only up to 80° of shoulder
flexion in all the subjects considered in the study.
Previous studies also shows supporting result
stating no significant difference in muscle
activity of middle deltoid in lower arm positions
[30].
There have been previous studies in contrast to
the result obtained in the present study in
context with the changes in the handgrip
strength [32]. The present study shows decrease
in the handgrip strength with increase in the
degrees of shoulder flexion and abduction.
Whereas, the study by Hakan Sporrong states
that as the angle at the shoulder goes on
increasing the load on the shoulder muscle goes
on increasing as well [30]. This may be the
reason of decrease in the handgrip strength with
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 increase in angle at shoulder joint as the shoul-
der muscle now work more on stabilizing the
shoulder indirectly reducing their action at
handgrip where now only the forearm and
finger muscles have to work thus explaining our
result of decrease in handgrip strength with
increasing angle of shoulder flexion as well as
abduction.
Severe static grip force, especially with arm
elevation, make greater load on some shoulder
muscles [33]. Shoulder stabilizer muscles
(rotator cuff) with hand activity, are more
affected than mover muscles. Stability of
glenohumeral joint with supraspinatus and
infraspinatus muscles is a prerequisite for hand
grip activity. This relationship can have biome-
chanical and clinical implications [34].
Activation of the shoulder girdle muscles in com-
mon shoulder disorders (such as impingement
syndrome and rotator cuff tears) are because of
subsequent pain and movement limitation is
difficult in many cases. Considering the kinetic
chain perspective that emphasizes the extremi-
ties segments belong to one kinematic chain, it
is assumed that even in hand neutral position
(requiring no direct participation of shoulder),
there is increased activity of major shoulder
stabilizers during severe hand activity resulted
from co-activation of proximal and distal
muscles. Hand grip also increases the activity
of forearm muscles and biceps [35]. Understand-
ing that how shoulder muscles are activated
during hand activity, lead us towards support-
ing mechanisms, prevention strategies and more
effective rehabilitation. If direct movements
cause pain in the shoulder, shoulder rehabilita-
tion is often postponed. Most patients with
rotator cuff disorders are not able to do
functional movements due to pain or pain
avoidance [35]. Hence, if grip facilitates the
activation of shoulder muscles without any pain
in shoulder, it can be done in the early stages of
shoulder rehabilitation.

degrees of shoulder flexion but not much change
was seen in Infraspinatus. No difference was
noted considering the symptomatic and asymp-
tomatic factor or the dominance factor with
respect to the above muscles. In context to
handgrip strength with increase in the angles
of shoulder flexion as well abduction in symp-
tomatic and asymptomatic patients taking into
consideration dominance as well, handgrip
strength goes on decreasing, muscle thickness
goes on increasing when loaded statically.

CONCLUSION

Increase in the muscle thickness is seen at
increasing degrees of shoulder flexion and
abduction in the Middle Deltoid at various
angles whereas Supraspinatus and Upper
Trapezius are seen working more in the initial
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