Original Article
Ann Rehabil Med 2014;38(5):648-657 a ' m
PISSN: 2234-0645 « eISSN: 2234-0653

The Effect of Two Different Hand Exercises on
Grip Strength, Forearm Circumference, and
Vascular Maturation in Patients Who Underwent
Arteriovenous Fistula Surgery
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Objective To compare the effect of two different hand exercises on hand strength and vascular maturation in
patients who underwent arteriovenous fistula surgery.

Methods We recruited 18 patients who had chronic kidney disease and had undergone arteriovenous fistula
surgery for hemodialysis. After the surgery, 10 subjects performed hand-squeezing exercise with GD Grip, and
other 8 subjects used Soft Ball. The subjects continued the exercises for 4 weeks. The hand grip strength, pinch
strength (tip, palmar and lateral pinch), and forearm circumference of the subjects were assessed before and
after the hand-squeezing exercise. The cephalic vein size, blood flow velocity and volume were also measured by
ultrasonography in the operated limb.

Results All of the 3 types of pinch strengths, grip strength, and forearm circumference were significantly increased
in the group using GD Grip. Cephalic vein size and blood flow volume were also significantly increased. However,
blood flow velocity showed no difference after the exercise. The group using Soft Ball showed a significant increase
in the tip and lateral pinch strength and forearm circumference. The cephalic vein size and blood flow volume
were also significantly increased. On comparing the effect of the two different hand exercises, hand-squeezing
exercise with GD Grip had a significantly better effect on the tip and palmar pinch strength than hand-squeezing
exercise with Soft Ball. The effect on cephalic vein size was not significantly different between the two groups.
Conclusion The results showed that hand squeezing exercise with GD Grip was more effective in increasing the tip
and palmar pinch strength compared to hand squeezing exercise with soft ball.

Keywords Renal insufficiency, Arteriovenous fistula, Hand strength, Resistance training

Received March 12, 2014; Accepted June 3, 2014

Corresponding author: Seong Ho Jang

Department of Rehabilitation Medicine, Hanyang University Guri Hospital, 153 Gyeongchun-ro, Guri 471-701, Korea
Tel: +82-31-560-2380, Fax: +82-31-564-4654, E-mail: systole77@hanmail.net

@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2014 by Korean Academy of Rehabilitation Medicine



Effect of Two Different Hand Exercises in AVF

INTRODUCTION

Hemodialysis is one of the most important and classic
treatments for chronic renal failure. There should be at
least 200 mL blood in circulation between the patient and
hemodialysis machine for eliminating waste, and hence it
is important to secure access to a large vessel for hemodi-
alysis [1,2]. An external shunt had been used for securing
access to a large vessel in the past, but it had many prob-
lems, such as thrombosis, infection, etc. [3,4]. Therefore,
Brescia et al. [4] introduced a new method for vascular
access, arteriovenous fistula (AVF), and decreased the
complications of hemodialysis. AVF is considered as the
gold standard for safe and effective vascular access dur-
ing hemodialysis treatment [2,5].

However, there are still some problems with AVF sur-
gery. The common complications of AVF surgery are as
follows: AVF dysfunction, venous thrombosis, edema or
ischemia in the fistula-created limb, atherosclerosis, and
neuropathy after surgery. Technical difficulty of anasto-
mosis, inappropriate position of the artery or vein, scle-
rosis of the proximal vein, calcification in the artery and
anastomotic failure, and hypotension due to a hypovole-
mic state could also occur following AVF surgery [6,7].

For avoiding these complications, appropriate vascu-
lar maturation time is needed after surgery. In previous
studies, different maturation times ranging from 4 to 8
weeks were suggested. However, in a clinical setting, we
usually wait for 4 weeks [8]. The patients are asked to
perform hand exercises during this period to encour-
age fistula maturation. Usually, hand-squeezing exercise
with a soft ball or a rubber ring is performed [5], and
the exercise protocol is according to the Kidney Disease
Outcomes Quality Initiative guidelines. It suggests that
the patients should perform hand squeezing exercise 2
days after the AVF surgery when edema of the limb has
decreased. If there are any unusual findings at the surgi-
cal site, such as sustained edema, redness, tenderness,
discharge or abscess formation, the patient must stop the
exercise and the surgical site should be checked by the
surgeon [9,10].

There have been many studies demonstrating the
beneficial effects of hand exercise on maturation of the
blood vessels and reduction in the complications after
AVF surgery. Hand exercise was proved to be effective
in increasing the diameter of the artery and vein around

the AVE, and it improved the capacity for vasodilatation
and maturation of the fistula [5,11,12]. The hand exercise
could consequently decrease the mortality rate after AVF
surgery [13]. However, no research has been performed
for determining which type of hand exercise is more ef-
fective for facilitating the maturation of the vessels and
for improving the functioning of the fistula.

Although hand exercises increase the blood flow in the
fistula and decrease the complications of surgery [5,11-
13], it does not indicate a direct improvement of hand
strength (e.g., grip strength, pinch strength, or forearm
muscle strength). It is important to assess the muscle
power because it could represent the general body
strength in patients, and it can also be used as a param-
eter for predicting the success of rehabilitation exercise
[14,15]. To the best of the authors’ knowledge, no study
has assessed which type of hand exercise is more benefi-
cial for improving the hand strength after AVF surgery.

Therefore, the aims of this study are to assess the fol-
lowing. 1) Can the 2 types of hand-squeezing exercises
significantly improve cephalic vein maturation after AVF
surgery? 2) Can the 2 types of hand-squeezing exercises
significantly increase the grip strength, pinch strength,
and forearm circumference (representing the forearm
muscle strength)? 3) Is there any significant difference
between the two exercises in improving the muscle
strength and vascular maturation?

MATERIALS AND METHODS

Subjects

Eighteen subjects who were diagnosed with chronic
kidney disease (CKD) and had undergone AVF surgery
for hemodialysis at Hanyang University Guri Hospital
were recruited into this study. The purpose of the study
was explained to the subjects, and the volunteers under-
stood that the study would be performed in accordance
to the Declaration of Helsinki. They signed the informed
consent form approved by the Institutional Review Board
of the Hanyang University Hospital for the Protection of
Human Subjects.

If patients had injury, history of surgery, or limitation of
motion (LOM) in the fistula-created limb, they were ex-
cluded from the study. We performed electromyography
or magnetic resonance imaging of the operated limb if
the patient complained of pain around the arm, and pa-
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tients with peripheral neuropathy or radiculopathy were
also excluded. The inclusion of patients with rheumatic
disorders, myopathy, and any type of arthritis that could
affect the study results was also limited.

The total number of subjects was 18 (6 males and 12 fe-
males), and they were diagnosed with CKD by a nephrol-
ogist at the Hanyang University Guri Hospital. Each pa-
tient had undergone an AVF surgery in the upper limb for
hemodialysis, which was performed by one experienced
thoracic surgeon in the same hospital. The patients were
randomly allocated into two groups, and the first group
(10 subjects) used handgrip for the hand-squeezing exer-
cise, and the second group (8 subjects) used soft ball.

The mean ages of patients in the groups using hand-
grip and soft ball were 64.3+3.1 years and 63.5+2.8 years,
respectively. The mean body weights were 60.5+4.1 kg
and 61.3+3.4 kg, respectively; and the mean heights were
163.745.4 cm and 162.8+4.7 cm, respectively. There was
no significant difference with respect to the age, weight,

Table 1. Characteristics of subjects

GD Grip group Soft Ball group

Cases (male:female) 10 (3:7) 8(3:5)

Age (yr) 64.3+3.1 63.5+2.8
Weight (kg) 60.5+4.1 61.3+3.4
Height (cm) 163.7+5.4 162.8+4.7

Values are presented as number or meantstandard de-
viation.

Fig. 1. GD Grip (GD Co., Incheon, Korea).
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and height between the two groups (Table 1).

One out of these 18 subjects had CKD as a complication
of contrast medium, 3 subjects had CKD due to hyperten-
sion, 5 subjects had CKD due to unknown reasons, and 9
subjects had CKD due to diabetes mellitus.

Exercise protocol

The subjects who trained with handgrip used GD Grip
(GD Co., Incheon, Korea) (Fig. 1) and the other subjects
used Soft Ball (MCS Co., Xiamen, China) (Fig. 2).

The subjects who used GD Grip set their handgrip resis-
tance at 10 repetition maximum (RM), and performed 10
squeezes for 1 set. They performed 3 sets of 10 squeezes
each at a 1-minute interval. Three sets of exercises were
performed 2 times in the morning and 2 times in the af-
ternoon. Resistance of GD Grip was reset to 10 RM every
week when the subjects visited our out-patient depart-
ment.

The subjects who used Soft Ball squeezed the ball 10
times for 1 set, and performed 3 sets of 10 squeezes each
at an 1-minute rest interval. Three sets of exercises were
performed twice in the morning and twice in the after-
noon.

All of the subjects were monitored for any signs of in-
fection, abscess formation, inflammation, dehiscence,
pain or tenderness causing LOM in the operated limb
during 24 hours after the AVF surgery. If these abnormal
signs were not detected during 24 hours, they immedi-
ately started the hand-squeezing exercise. Patients in

Fig. 2. Soft Ball (MCS Co., Xiamen, China).
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both groups performed the exercise for 4 weeks.

The subjects were instructed not to undergo any other
physical therapy or perform a different hand exercise
during these 4 weeks. They were instructed to perform
only the activities of daily living, and not to perform any
strenuous activities.

Measurement of hand strength and forearm circumfe-
rence

We used Jamar hand dynamometer, and Jamar hydrau-
lic pinch gauge (Sammons Preston Rolyan, IL, USA) for
measuring the hand grip strength and pinch strength
(Figs. 3, 4) [16].

For measuring the grip strength, the subjects were
asked to sit on a chair with their hip joint flexed at 90°,
and shoulder joint in a neutral position. The elbow was
fixed at 90° flexion, forearm in a neutral position, and
wrist at 0° to 15° radial deviation (Fig. 3). The test was
performed twice, and the higher value between the two
measurements was selected. The subjects were allowed a
rest time of more than 5 minutes after the first measure-
ment to avoid examiner bias and to decrease physical
stress.

Pinch strength was measured during 3 types of pinch—
tip pinch, palmar pinch, and lateral pinch (Fig. 4) [17-
22]. In tip pinch, the tip of the index finger and thumb
hold the objects (Fig. 4A). It can be used as a parameter
for indicating direct strength of the two fingers. In palmar
pinch, the thumb, index finger, and middle finger hold

Fig. 3. Measurement of grip strength.

the objects (Fig. 4B). In lateral pinch, the thumb and the
lateral side of index finger come into contact (Fig. 4C).
The levers of dynamometer and pinch gauge were held at
the same width during each test, and therefore, the sub-
ject could start griping or pinching with the same force
by using the same muscles [23].

The examiner helped the subjects to maintain their
forearm and hand steady and parallel to the ground
by holding the bottom of the dynamometer and pinch
gauge. The measurement unit was kilogram (kg).

For measuring the circumference of the forearm, the
subjects were seated on a chair with their forearm supi-
nated, and the elbow flexed at 90°. Circumference of the
forearm was measured 2 cm distal to the cubital fossa.

The grip strength, pinch strength, and circumference of

Fig. 4. Measurement of pinch strength. (A) Tip pinch, (B)
palmar pinch, (C) lateral pinch.
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the forearm were measured by the same examiner before
beginning the hand-squeezing exercise and 4 weeks after
the exercise.

Examination of the cephalic vein

The cephalic vein in the operated arm was examined
by an experienced technician with ultrasonography. A
single technician performed ultrasonography during the
whole study, and he was not aware of the exercise group
to which the subjects were allocated. Ultrasonography
of the cephalic vein was performed before beginning the
exercise and after completing the 4-week training. The
technician examined the vein from the AVF site to the
proximal area till he could identify the vein on the im-
age, and the last detectable area was usually the shoulder
joint. The largest and shortest diameter, blood flow vol-
ume, and blood flow velocity were measured where the
area of the vein was the smallest [5,11]. We calculated the
size of the vein based on the mean value of the largest
and shortest diameter.

Statistics

SPSS ver. 18.0 for Windows (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. The p-values less
than 0.05 were considered statistically significant. Wil-
coxon signed-rank test was used for comparing the grip
strength, pinch strength, and ultrasound measurements
between pre- and post-exercise in each group.

We used Mann-Whitney U test to compare between the
GD Grip group and Soft Ball group. For statistical analysis
between the groups, percentage increase was used. Per-

centage increase was calculated based on the difference
between the pre- and post-exercise values, which was
divided by pre-exercise values and multiplied by 100.

Percentage Post-exercise value - Pre-exercise value 100
= X
Pre-exercise value

increase

RESULTS

Comparison of pre- and post-exercise changes in each
group

GD Grip group: changes in the grip strength, pinch

strength, forearm circumference, and vascular measure-

ments

In the GD Grip group, before the exercise, pinch
strength was 2.4+0.9 kg in the tip pinch, 3.0+1.2 kg in the
palmar pinch, and 3.4+1.2 kg in the lateral pinch. The
grip strength was 10.8+5.3 kg and forearm circumference
was 22.0£0.8 cm. The size of the cephalic vein was 5.5+0.7
mm, blood flow velocity was 27.0+30.8 cm/sec, and blood
flow volume was 299.3+330.9 mL/min.

After the 4-week exercise program, strength of the tip
pinch was increased to 3.2+1.0 kg, that of the palmar
pinch was increased to 3.8+1.1 kg, and that of the lateral
pinch was increased to 4.5t1.1 kg. The grip strength was
elevated to 16.7+6.1 kg and the forearm circumference
was increased to 22.7+0.9 cm.

The pinch and grip strength and forearm circumference
were significantly increased after the 4-week exercise
(p<0.05) (Table 2).

Two out of the 10 subjects refused to undergo ultra-

Table 2. Comparison of pinch strength, grip strength, forearm circumference, and vascular changes before and after

exercise in the group using GD Grip

Before exercise After exercise p-value

Pinch strength (kg)

Tip pinch 2.4+0.9 3.2+1.0 0.005*

Palmar pinch 3.0£1.2 3.8£1.1 0.005*

Lateral pinch 3.4+1.2 4.5%1.1 0.005*
Grip strength (kg) 10.845.3 16.716.1 0.008*
Circumference (cm) 22.0+0.8 22.7+0.9 0.005*
Vessel size (mm) 5.5+0.7 7.0+1.3 0.017*
Blood flow velocity (cm/sec) 27.0£30.8 34.9+26.1 0.093
Blood flow volume (mL/min) 299.3+330.9 575.8+375.5 0.012*

Values are presented as meantstandard deviation

*p<0.05, significant difference between before and after exercise.
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sound examination because of difficulty in visiting the
hospital and busy work schedule. The size of the cephalic
vein was increased to 7.0+1.3 mm, blood flow veloc-
ity was increased to 34.9%£26.1 cm/sec, and blood flow
volume was elevated to 575.8+375.5 mL/min. Only the
cephalic vein size and blood flow volume showed a sig-
nificant increase after the exercise (p<0.05) (Table 2).

Soft Ball group: changes in the grip strength, pinch
strength, forearm circumference, and vascular measure-
ments

In the Soft Ball group, before the exercise, pinch
strength was 2.4+0.6 kg in the tip pinch, 3.7+1.0 kg in the
palmar pinch, 4.5+1.3 kg in the lateral pinch. The grip
strength was 13.0+4.8 kg and forearm circumference was
23.2+1.9 cm. The size of the cephalic vein was 5.6£1.3
mm, blood flow velocity was 20.3+18.9 cm/sec, and blood
flow volume was 241.74224.6 mL/min.

After 4 weeks, strength of the tip pinch was increased
to 2.6+0.6 kg, that of the palmar pinch was increased to
3.9+0.8 kg, and that of the lateral pinch was increased
to 5.1x1.3 kg. Grip strength was increased to 16.6+5.3 kg
and the forearm circumference was increased to 23.6+2.1
cm. Only the strength of tip and lateral pinch, and the
forearm circumference were significantly increased after
the exercise with Soft Ball (Table 3).

One out the 8 patients refused to undergo ultrasound
imaging because of busy work schedule. A total of 7 sub-
jects underwent ultrasound examination, and the mean
size of the cephalic vein was increased to 7.4+1.2 mm.
Blood flow velocity was increased to 43.7+18.6 cm/sec

and blood flow volume was elevated to 861.5+458.0 mL/
min. The cephalic vein size and blood flow volume dem-
onstrated a significant increase (p<0.05) (Table 3).

Comparison between the two groups: percentage in-

crease after the 4-week exercise program

We calculated the percentage increase in the pinch
strength, grip strength, forearm circumference, and vas-
cular measurements for comparing between the GD Grip
group and Soft Ball group (Table 4).

GD Grip group showed a percentage increase of 36.6%
in the tip pinch strength, 36.7% in the palmar pinch
strength, and 40.7% in the lateral pinch strength. The
percentage increase in grip strength was 80.2%, and that
in the forearm circumference was 3.3% after the 4-week
exercise program. The percentage increase in the size of
the cephalic vein was 30.0%, that in the blood flow veloc-
ity was 194.9%, and that in the blood flow volume was
304.7%.

Soft Ball group demonstrated a percentage increase
of 12.2% in the tip pinch strength, 10.1% in the palmar
pinch strength, and 18.1% in the lateral pinch strength.
The percentage increase in grip strength was 39.7%, and
that in the forearm circumference was 1.7%. The percent-
age increase in the size of the cephalic vein was 33.5%,
that in the blood flow velocity was 592.5%, and that in the
blood flow volume was 1,176.5%.

Comparison of percentage increase between the two
groups did not show any significant difference in the
vascular measurements, grip strength, and lateral pinch
strength, but it showed a significant difference only in the

Table 3. Comparison of pinch strength, grip strength, forearm circumference, and vascular changes before and after

exercise in the group using Soft Ball

Before exercise After exercise p-value
Pinch strength (kg)
Tip pinch 2.4+0.6 2.6+0.6 0.017*
Palmar pinch 3.7£1.0 3.9+0.8 0.066
Lateral pinch 4.5%1.3 5.1+1.3 0.021*
Grip strength (kg) 13.0+4.8 16.6+5.3 0.057
Circumference (cm) 23.2+1.9 23.6+2.1 0.024*
Vessel size (mm) 5.6+1.3 7.4+1.2 0.018*
Blood flow velocity (cm/sec) 20.3+£18.9 43.7+18.6 0.091
Blood flow volume (mL/min) 241.7+224.6 861.5+458.0 0.043*
Values are expressed as meantstandard deviation
*p<0.05, significant difference between before and after exercise.
WWwWw.e-arm.org 653



Sangwon Kong, et al.

Table 4. Comparison of percentage increase in pinch strength, grip strength, forearm circumference, and vascular

changes between the GD Grip and Soft Ball groups

Percentage increase (%)

GD Grip Soft Ball p-value

Pinch Strength (kg)

Tip Pinch 36.61+24.3 12.24+9.0 0.034*

Palmar Pinch 36.7+56.7 10.1+19.2 0.012*

Lateral Pinch 40.7+27.9 18.1+21.4 0.122
Grip Strength (kg) 80.2176.0 39.7+47.0 0.315
Circumference (cm) 3.3£2.5 1.7+1.4 0.237
Vessel size (mm) 30.0+£21.0 33.5+£12.9 0.779
Blood flow velocity (cm/sec) 194.99+198.5 592.5+701.8 0.536
Blood flow volume (mL/min) 304.7+181.4 1176.5+1391.3 1.000

Values are expressed as meantstandard deviation
*p<0.05, significant difference between two groups.

tip pinch and palmar pinch strength (p<0.05). Therefore,
it was proved that exercise with GD Grip significantly
improved the strength of the tip and palmar pinch com-
pared to exercise with Soft Ball (Table 4).

DISCUSSION

Exercise with Soft Ball

Exercise with Soft Ball significantly increased the
strength of the tip pinch and lateral pinch. We could
assume that hand-squeezing exercise with Soft Ball im-
proved the power of fingers, especially the thumb and the
index finger. However, it failed to increase the strength of
palmar pinch and hand grip.

The tip pinch and palmar pinch strength demonstrated
different results after the 4-week exercise program. We
hypothesized that this significant difference was probably
due to activation of different muscles during each pinch-
ing method. In the tip pinch, the index finger and the
thumb are flexed for picking up the objects. The muscles
used during the tip pinch are usually the flexor pollicis
longus muscle (FPL), flexor pollicis brevis muscle (FPB),
opponens (OP), adductor pollicis muscle (AP), flexor
digitorum superficialis muscle (FDS), flexor digitorum
profundus muscle (FDP), and lumbrical muscle (LUM)
[24-26]. However, in the palmar pinch, the objects are
picked up with the fingers straight but flexed at the meta-
carpophalangeal joint (Fig. 4), and the FPB and LUM
are usually used. Exercise with Soft Ball significantly im-
proved the strength of tip pinch and lateral pinch, but it
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failed to improve the strength of palmar pinch. Therefore,
we assumed that hand-squeezing exercise with Soft Ball
could be more beneficial for exercising the finger mus-
cles, such as FPL, FDS, and FDP, rather than the intrinsic
hand muscles, i.e., FPB or LUM.

Although exercise with Soft Ball improved the strength
of the index finger and thumb flexors, it could not in-
crease the hand grip strength. We hypothesized that the
hand-squeezing exercise with Soft Ball did not cause a
statistically significant increase in the grip strength, but
it could cause a clinical improvement in the grip strength
(p=0.057).

The hand-squeezing exercise with Soft Ball also in-
creased the strength of lateral pinch. This pinching
method usually uses adductor pollicis muscle and dorsal
interosseous muscle [27]. It would be reasonable to as-
sume that exercise with Soft Ball would also be helpful
for exercising these muscles.

The forearm circumference was significantly increased
after exercise with Soft Ball. It was a parameter for ex-
amining the general strength of the forearm muscles. We
could presume that the significant increase in the fore-
arm circumference resulted from the changes caused by
the hand-squeezing exercise in the FPL, FDS, and FDP.
In a previous study, finger flexing exercise was proved to
be beneficial for increasing the muscle volume, and the
increase in muscle volume was due to the FDS and FDP
[24]. Furthermore, the changes in muscle volume were
found at all ages. In not only the young subjects but also
in the elderly subjects, an increase in the muscle volume,
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especially that of the first dorsal interosseous muscle, was
observed [28].

The exercise with Soft Ball caused a significant im-
provement in the size of the cephalic vein and blood flow
volume. Our results support the previous findings that
resistance hand exercise could significantly increase the
vessel diameter and vasodilatation compared to that in
the non-exercise group after AVF surgery [5,13]. We con-
sidered one more parameter, the blood flow volume, and
demonstrated that the blood flow volume was also im-
proved considerably after the exercise.

Exercise with GD Grip

Exercise with GD Grip significantly improved all the 3
types of pinch and grip strength. It was already proved
that performing exercise with increased resistance caused
more protein synthesis in the muscles and increased
the total volume of muscles than training with same re-
sistance [24,28,29] Therefore, applying more resistance
during exercise with GD Grip to fit into 10 RM would be
more helpful for increasing the strength. The exercise
with GD Grip also increased the size of the cephalic vein
and blood flow volume.

Comparison between the two exercises

Comparison between the two exercises demonstrated
a significant difference only in the tip pinch and palmar
pinch strength.

Although both the exercises increased the strength
of tip pinch, the exercise with GD Grip was more effec-
tive in increasing the tip pinch strength. In other words,
both the exercises were beneficial for exercising the FPL,
FDS, and FDP, and the beneficial effect was greater after
exercise with GD Grip. However, the effect of the two ex-
ercises on the lateral pinch strength, hand grip strength,
forearm circumference, vessel size, blood flow volume
and velocity was not significantly different between the
two exercises (Table 4).

Both the exercises could significantly improve the
vessel size and blood flow volume. It means that the 2
types of exercises, same resistance-repeat and increased
resistance-repeat exercises, had the same effect on vas-
cular maturation. Unless exceptional hand strength is
required, for example, training the athletes or sports
players during the acute period after surgery, it is not

important which type of exercise he or she performs. In
contrast, elderly patients or patients with poor compli-
ance have a high possibility of dropping out of the exer-
cise program because of high loading while performing
the increased resistance exercise. Therefore, we suggest
that the patients should perform steady-state exercise for
vascular maturation rather than high loading exercise,
and doctors should be aware of the fact that the key to
successful AVF formation is not the high loading exercise
but steady-state exercise program and patient participa-
tion.

Although no significant difference was reported in the
lateral pinch strength, hand grip strength, and forearm
circumference between the two groups, the mean values
of percentage increase were much higher in the GD Grip
group than in the Soft Ball group, and the vessel size,
blood flow velocity and volume were higher in the Soft
Ball group (Table 4). The reason why the results did not
reach statistical significance in spite of a big difference
in the mean values was presumably a large standard de-
viation [30]. We could demonstrate that the percentage
increase showed fluctuation in each subject. If a subject
had shown exceptionally high or low values, he or she
should have been excluded from the statistical analy-
sis. However, we could not exclude such subjects from
the study population because of the limited number of
participants. It is well known that even a nonparametric
analysis can produce a statistical error when the sample
size is too small [31].

Another possible explanation for why the results failed
to reach statistical significance is the short exercise pe-
riod. In a previous study, the hand strength analyzed with
surface electromyography showed maximal increase after
at least 8-week training [5,28]. We performed the study
with only a 4-week exercise program, and this time peri-
od would not be enough for improving the hand strength
or vein parameters.

In conclusion, exercise with GD Grip significantly in-
creased the strength of tip pinch and palmar pinch com-
pared with exercise with Soft Ball. However, there was
no difference in the vein parameters between the two
exercises. Both the exercises could improve the size of the
cephalic vein and blood flow volume. It means that resis-
tance exercise can help in vascular maturation regardless
of what type of exercise is performed.
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Study limitations

There were several limitations to this study. First, a
small number of subjects and a short exercise period
were the most important limitations. This is probably why
the results showed a large standard deviation and caused
a possible statistical error. Further evaluation regarding
how the activities of daily living would be affected by the
improved pinch and grip strength, and vascular matura-
tion is needed.
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