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Abstract
Purpose: To analyze the electrical activity of Flexor digitorum 
superficialis and extensor digitorum communis for cylindrical 
grip sizes of 30 mm and 40 mm in stroke patients.
Methodology: 10 MCA affected stroke subjects and 10 normal 
subjects of same dominance, age and occupation were tak-
en by purposeful sampling from physiotherapy department 
of M.M. Institute of Physiotherapy & Rehabilitation. They were 
asked to grip two wooden cylinders of size 30mm and 40mm 
and electrical activity of Flexor digitorum superficialis and ex-
tensor digitorum communis i.e. amplitude and duration were 
analyzed during maximal contraction. The readings were sta-
tistically analyzed to compare the difference of activity in the 
proposed muscles for two different cylinders.
Results: The statistical tests revealed that the differences be-
tween the amplitude and duration of the proposed muscles 
in hemiplegic and normal subjects are statistically significant. 
However, the difference of amplitude and duration of “Flexor 
digitorum superficialis” and “Extensor digitorum communis” 
are not statistically significant within the hemiplegic subjects for 
both the cylindrical diameters but the prolonged duration of 
Extensor digitorum communis in 40 mm cylinder was significant 
statistically.
Conclusion: There is a significant difference in the amplitude 
and duration of forearm muscles i.e. flexor digitorum superfi-
cialis and extensor digitorum communis when compared with 
normals. However, only duration of extensor digitorum com-

munis show significant change among the hemiplegic subjects 
with the change in grip size. The amplitude and duration of 
flexor digitorum superficialis and amplitude of extensor digito-
rum communis does not change significantly.
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Introduction
A stroke is a clinical syndrome characterized by 

rapidly developing clinical symptoms/or signs of fo-
cal and sometimes global loss of brain function, with 
symptoms lasting more than 24 hours or leading to 
death, with no apparent cause other than vascular or-
igin. Upper extremity function is an important aspect 
in determining the quality of life of stroke patients, 
particularly with middle cerebral artery (MCA) in-
volvement, as functional deficit of the upper extremity 
is a major problem encountered in MCA involvement.

During daily activities, there is less or no use of 
the upper extremity of the affected side compared to 
the unaffected side. The function of the upper limb 
always correlates with its dexterity, which is nothing 
more than the ability to accurately, quickly, rational-
ly and skillfully solve any movement task. The loss of 
this dexterity is usually attributed to the loss of muscle 
strength and does not consider the individual contri-
bution of dexterity loss to poor motor performance 
after stroke (Canning et al., 2000).

Low dexterity was characterized by excessive mus-
cle activation and impaired coupling of muscle ac-
tivation to target movement. We also know that the 
development of a cylindrical grip precedes all other 
hand movements in stroke patients. It is also the grip 
needed to perform various activities of daily living, 
such as holding a glass cup, a railing, or a pot handle. 
Thus, this study deals with the study of cylindrical grip 
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in stroke patients. Recent studies by Michaelsen et.al. 
showed that the size of the cylindrical grip in stroke 
patients is the same as in healthy people (Michaelsen 
et al., 2009). a study by Seo et al. on different cylinder 
diameters in normal healthy subjects, which revealed 
that an increase in cylinder diameter shows reduced 
EMG activity (Seo et al., 2007).

In addition, Lowe et.al also demonstrated through 
their studies on normal subjects that the optimal di-
ameter for normal subjects ranges from 30 mm to 40 
mm cylindrical diameters with no significant differ-
ence in electrical activity between Flexor digitorum 
superficialis and extensor digitorum communis (Kong 
and Lowe., 2005). However, there is limited informa-
tion that if the same muscle activities are observed for 
these cylindrical grip sizes in subjects with stroke.

Material and methods:
The present observational study include 40 stroke 

patients of both the sexes as patient group and 40 
healthy subjects were included as control group. Elec-
trodiagnosis of study group subjects was carried out 
in Physiotherapy department MM Hospital & MM 
Institute of Physiotherapy & Rehabilitation, Nasik. 
The present study was approved by IEC and written 
informed consent were collected by the patients and 
controls.

Inclusion criteria: Cerebral strokes (MCA affec-
tion)patients having voluntary control > 3 and dom-
inant upper limb affection were included. In addition, 
age and occupation matched healthy controls were 
included. 

Exclusion criteria: Stroke subjects with cognitive, 
vision, & hearing problems, tremors or facing recur-
rent strokes were excluded. In addition, subjects hav-
ing arthritic hand were also excluded.

In the present study, following materials were used 
• EMG Electrodes: Ground electrode, Surface elec-

trode
• Conducting gel
• Micro pore tape
• EMG Apparatus
• Wooden Cylinders: 30mm and 40 mm
• Measuring Tape

Procedure
1. Subjects were included according to the inclusion 

criteria and written informed consent was tak-
en from the subjects/patients participating in the 

study after informing them about the purpose of 
the study.

2. The subjects were asked to grip the cylinder with 
their own comfortable pattern but while recording 
the muscle activity shoulder was placed in the neu-
tral position with elbow in 900 flexed position and 
hand in mid-prone position.

3. Surface electrodes were placed on the motor points 
of the purposed muscles which were determined 
by marking it first in the unaffected extremity and 
then on the affected extremity by tracing those 
using measuring tape from the nearest bony land-
mark.

4. Amplitude and duration of 3 biphasic waveforms 
of individual muscles were noted down to elimi-
nate error.

5. Appropriate statistical test was applied to verify the 
significant difference between the readings.
The study also had an objective to record the time 

required to grip the cylinder and time required to re-
lease the cylinder without considering the direction of 
approach. However, it was observed during the study 
that none of the patients actively gripped the cylinder 
and so latter was not studied.

Data and Statistical analysis
Mean score, t value, degree of freedom and p val-

ues were calculated to express the results. Primer of 
biostatistics for Windows (version 5.0) was used to 
statistically analyze obtained data from the study. “Un-
paired t test” was used to compare difference between 
normal and hemiplegic subjects and “paired t test” was 
utilised to analysed within hemiplegic subjects. Signif-
icant difference was considered for the readings with 
p values <0.05.The obtained data were organized in 
master charts and graphs were derived from the read-
ings for easy interpretation of results.

Results
The study included 40 stroke subjects with mean 

age of 51 years (SD. +/-13) and the mean post stroke 
period of 21 months (SD. +/-19). 40 normal subjects 
of same age and occupation were considered.On 
observation of the readings i.e mean of the ampli-
tude and duration of the proposed muscles, it can be 
seen that amplitude and duration of FDS and EDC is 
greater in normal subjects as compared to hemiple-
gic subjects in both the diameters of cylinders.(Table 
no. 1 and 2)
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However, when compared within hemiplegic sub-
jects the amplitude & duration of FDS and amplitude 
of EDC have decreased values for 40 mm cylinder 
while EDC duration is prolonged in 40 mm cylinder. 
Statistical test i.e. unpaired t test & paired t test was 

applied to check the significance of these difference 
between hemiplegic and normal subjects & within the 
hemiplegic subjects for two grips respectively (Table 
3&4 and Fig 3 & 4).

Figure 1: Placing of Electrodes Figure 2: Gripping the cylinder

Table 1
Mean values of FDS and EDC for 30mm and 40 mm of normal and hemiplegic subjects.

SUBJECTS 30 mm cylinder 40 mm cylinder
FDS EDC FDS EDC

amp dur amp dur amp dur amp dur
NORMAL 251.73 5.41 240.10 7.29 280.77 6.08 214.63 6.08
HEMIPLEGICS 72.17 4.83 61.87 3.87 60.06 4.17 57.97 4.28

Table 2
Statistical analysis and Comparison of Normal and & Hemiplegic- 30mm

Muscle& variable T value Degree of freedom P value Significance
Fds (amplitude) -15.589 18 0.00 Significant
Fds (duration) -1.092 18 0.03 Significant
Edc (amplitude) -11.014 18 0.00 Significant
EDC (duration) -5.570 18 0.00 Significant

Table 3
Statistical analysis and Comparison of Normal and & Hemiplegic- 40mm

MUSCLE& VARIABLE t VALUE DEGREE OF FREEDOM p VALUE Significance
FDS (Amplitude) -10.669 18 0.00 Significant
FDS (Duration) -3.729 18 0.00 Significant
EDC (Amplitude) -9.345 18 0.00 Significant
EDC (duration) -2.663 18 0.00 Significant

Table 4
Statistical analysis and Comparison within Normal subjects- 30mm

MUSCLE& VARIABLE t VALUE DEGREE OF FREEDOM p VALUE Significance
FDS (Amplitude) -1.500 9 0.168 Not Significant
FDS (Duration) -0.903 9 0.390 Not Significant
EDC (Amplitude) 1.408 9 0.193 Not Significant
EDC (duration) 2.172 9 0.052 Not Significant
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Figure 3: Comparison of Amplitude and Frequency of FDS and EDC between Hemiplegic subjects and Normal subjects: 30mm 
cylinder

Figure 4: Comparison of Amplitude and Frequency of FDS and EDC between Hemiplegic subjects and Normal subjects: 40mm 
cylinder

Table 5
Statistical analysis and Comparison within Hemiplegic- 40mm

MUSCLE& VARIABLE t VALUE DEGREE OF FREEDOM p VALUE Significance
FDS (Amplitude) -2.097 9 0.065 Not Significant
FDS (Duration) 2.251 9 0.051 Not Significant
EDC (Amplitude) 0.482 9 0.641 Not Significant
EDC (duration) -2.333 9 0.044 Significant

Figure 5: Comparison of Amplitude and Frequency of FDS and EDC between Hemiplegic subjects 
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The tests revealed that the differences between the 
amplitude and duration of these muscles in hemiple-
gic and normal subjects are statistically significant. 
The prolonged duration of EDC in 40 mm cylinder is 
also statistically significant.However, the difference of 
amplitude and duration of FDC and amplitude EDC 
was not significant within the hemiplegic subjects for 
both the cylindrical diameters (Table5 and Figure 5).

Discussion
The main purpose of this study was to study the 

effect of changing cylindrical diameter i.e. 30mm 
and 40mm on forearm muscle activity mainly on 
the muscles flexor digitorum superficialis and ex-
tensor digitorum communis.The study included 10 
stroke subjects with mean age of 51 years (SD. +/-
13) and the mean post stroke period of 21 months 
(SD. +/-19). 10 normal subjects of same age and 
occupation were considered.The tests revealed that 
the differences between the amplitude and duration 
of these muscles in hemiplegic and normal subjects 
& difference between the duration of EDC with-
in hemiplegic subjects are statistically significant. 
However, the difference of amplitude and duration 
of FDC and amplitude of EDC was not significant 
within the stroke subjects for both the cylindrical di-
ameters.The loss of efficient muscle activity mainly 
arises from slowness to activate muscles reflecting 
impaired capability to effectively activate flexors and 
extensors (Canning et al., 2000).

As a result of the interruption of the descending 
motor pathways, especially the corticospinal pathways 
after a stroke, motor unit activation is reduced and mo-
tor unit synchronization is disrupted, since this tract 
is mainly involved in voluntary muscle activation of 
the distal muscles of the hand and fingers. (Turton et 
al., 1996). Thus, hemiplegic individuals are unable to 
adapt to the reduced number of available corticospinal 
tracts, and dependence on slower corticobulbar tracts 
for information transmission reduces the efficiency of 
their affected upper limb (Canning et al., 2000). It has 
been suggested that damage to the corticofugal tracts, 
i.e. the internal capsule, has been associated with poor 
recovery of hand motor function after MCA damage, 
and other intact parts of the cerebral cortex could ac-
tivate the finger muscles but cannot compensate for 
the precise and selective control provided by the pri-
mary motor cortex and crossed corticofugal tracts. 
They also reported that wrist flexion associated with 

grasping activity may occur due to loss of corticospi-
nal tracts, which may disrupt the balance between 
converging corticospinal and reticulospinal input to 
the paretic upper limb, and thus uncontrolled retic-
ulospinal input could explain this emergence of syn-
ergy. The ability to grasp the cylinder and shape the 
hand according to the size of the cylinder was limited 
due to a presumed disruption of the cerebellar input, 
which is mainly involved in shaping the hand accord-
ing to the object. the red nucleus is also thought to be 
responsible, but has been found to be dysfunctional in 
human physiology (Kong and Lowe., 2005).

Other reason could be spasticity present in the 
forearm flexors and due to absence of reflex inhibi-
tion, forearm extensors could not efficiently contract 
and carry out the grasp and release and the grip-
ping seen was passive gripping due to overactivity of 
forearm flexors.Prolonged duration of EDC activi-
ty may be attributed to change in the relative posi-
tion of phalanges to the change in cylindrical size. 
(Kong and Lowe., 2005).The results obtained are in 
extension to the studies carried out by Michaelson 
et. al that not only aperture size remains equal for 
hemiplegics and normal but also the muscle activi-
ty for both the cylinders between the groups remain 
relatively equal. Prolonged duration of EDC activity 
may be attributed to change in the relative position 
of phalanges to the change in cylindrical size. (Kong 
and Lowe., 2005). Though this can be said with re-
gard to normal biomechanics, evidence of this phys-
iology in hemiplegic subjects is still to be scrutinized 
to know whether the level of action is supraspinal or 
due to biomechanical change in the position of wrist 
and phalanges.

Conclusion
There is a significant difference in the amplitude 

and duration of muscles of forearm i.e. “Flexor dig-
itorum superficialis” and “extensor digitorum com-
munis” when compared with normals.However, only 
duration of extensor digitorum communis show sig-
nificant change among the hemiplegic subjects with 
the change in grip size. The amplitude and duration of 
flexor digitorum superficialis and extensor digitorum 
does not change significantly. Thus, from the lens of 
its clinical application, the present study emphasizes 
that cylindrical objects for daily use and for the thera-
peutic purpose can be designed in the range of 30mm 
to 40mm.
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Limitations of the study:
Though this conclusion cannot be made by this 

small sample size, more studies using larger sample 
size can be carried out. Moreover, more muscles in-
cluding the synergists and thumb muscles may be re-
quired to give more evident conclusion.

This study needs more research and trials to find 
out gripping time for hemiplegic subjects for these cy-
lindrical grip sizes.

Future scope of the study:
Kinematic analysis using the same cylindrical grip 

sizes may be required to give detailed quantitative 
analysis of cylindrical gripping.

Grip force can be evaluated using these grip sizes 
in further studies since muscle activity remains same 
for these sizes thereby accurate analysis of muscle effi-
ciencies for grip size can be done.
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