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1 | INTRODUCTION

It has been reported that occupational leg symptoms, such
as leg swelling, leg pain, and the feeling of heaviness and
tension in the legs, occur frequently in healthy individuals

| Shin Murata' | Yoshihiro Kai' | Teppei Abiko' | Dai Matsuo®

Abstract

Objective: Sitting or standing for hours decreases the blood flow in the legs and
results in increased pressure on the veins, leading to the development of chronic
venous disease. This study aimed to investigate the effects of insoles with a toe-grip
bar on occupational leg swelling and lower limb muscle activity.

Methods: This randomized cross-over study enrolled 12 healthy men who work in a
sitting or standing position. They were randomly divided into groups A (wore shoes
with insoles with a toe-grip bar for 8 hours each) and B (wore shoes with regular
insoles for 8 hours each). After 1 week, groups A and B wore shoes with regular in-
soles and shoes with insoles with a toe-grip bar, respectively, for 8 hours each. Lower
leg volume was measured before and after each intervention, and lower limb muscle
activity was measured at the start of each intervention.

Results: Occupational leg swelling was significantly smaller in men wearing insoles
with a toe-grip bar (P < .05). Moreover, the integrated electromyogram value of
the tibialis anterior muscle and medial and lateral gastrocnemius muscles during the
stance phase of walking, and tibialis anterior muscle during the swing phase of walk-
ing was significantly greater in men wearing insoles with a toe-grip bar (all P < .05).
Conclusion: Insoles with a toe-grip bar contribute to increased lower limb muscle

activity, attenuating occupational leg swelling.
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who work for hours at sitting and standing positions.1 Sitting
or standing for hours decreases the blood flow in the legs
and results in increased pressure on the veins; therefore,
prolonged sitting and standing are both risk factors for the
development of chronic venous disease.” Occupational leg
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symptoms, especially leg swelling is associated with feel-
ings of tiredness and heaviness of the legs, and leg pain.1’3’4
Therefore, reducing leg swelling is important in preventing
the development of chronic venous disease.

Previous studies reported that compression therapy,l"l'9
electrical stimulation,g’lo and leg movement' "' are effective
in reducing occupational leg swelling. These methods promote
skeletal muscle pump function, peak venous velocity, and ve-
nous return, thereby reducing ambulatory venous pressure,
interstitial fluid volume, and leg volume. > However, it has
been reported that compression therapy is uncomfortable for the
participants and is associated with side effects such as sweating,
itching, and skin dryness.'®"® Similarly, electrical stimulation
has been reported to cause adverse effects such as muscle tear-
ing, tissue burn, and skin irritation.'” Moreover, leg movement
requires regular and continuous exercise to be effective.?’

To address these problems, insoles with a toe-grip bar, which
improve the toe-grip strength and reduce leg swelling while
the individual is walking, have been developed recently.ﬂ'23
According to some studies, the toe-grip bar, which is a convex
structure, is placed at the central part of the proximal phalanx
from the first to the fifth toe.>"? During the terminal stance
phase of walking, the toes perceive the toe-grip bar and the
reflex toe-grip movement is increased; therefore, the toe-grip
movement occurs subconsciously when the individual walks.
It has been reported that the insoles with a toe-grip bar im-
proved the toe-grip strength in healthy individuals*'*? and that
it attenuates leg swelling in middle-aged and elderly women.”
This may be due to the promotion of the skeletal muscle pump
function by using the insoles. A previous study reported on the
muscle activity of the rectus femoris, biceps femoris, tibialis
anterior, and gastrocnemius muscles during the toe-grip move-
ment in a standing position.24 Therefore, we hypothesized that
insoles with a toe-grip bar may increase lower limb muscle ac-
tivity, resulting in the attenuation of leg swelling.

This study aimed to investigate the effects of insoles with
a toe-grip bar on occupational leg swelling and lower limb
muscle activity.

2 | MATERIALS AND METHODS

2.1 | Participants

40.0 + 8.8 years; mean height: 171.8 + 2.4 cm; mean body
weight: 66.9 + 8.0 kg) who work in a sitting or standing po-
sition were included in this study. Participants with Mini-
Mental State Examination scores below 24 and orthopedic,
neurological, cardiovascular, or psychiatric diseases that
might influence the results were excluded. Only male par-
ticipants were recruited because the toe-grip strength and the
muscle activity differed in terms of sex.”?’

Twelve healthy men (mean age =+ standard deviation:

Toe-grip bar

Three-dimensional mesh

FIGURE 1
consisted of a toe-grip bar and a three-dimensional mesh

The insole design. The insoles used in this study

The study was conducted according to the principles of the
Declaration of Helsinki and was approved by the Institutional
Ethics Committee of Kyoto Tachibana University. All partic-
ipants provided their written informed consent, and they were
allowed to withdraw from the study at any time.

2.2 | Study protocol

This research was designed as a randomized cross-over
study. Initially, the participants were randomly divided into
two groups (A and B) using random numbers generated by
Microsoft Excel 2010 (Microsoft). Group A wore shoes with
insoles with a toe-grip bar, and group B wore shoes with reg-
ular insoles, for 8 hours each. After 1 week, group A wore
shoes with regular insoles, and group B wore shoes with in-
soles with a toe-grip bar, for 8 hours each. All participants
were blinded to their group assignment.

The mid and rear parts of the insoles with a toe-grip bar
were made of synthetic resin foam, and the toe section was
made from synthetic fiber with high-repulsion properties
(known as three-dimensional mesh). The toe-grip bar, which
is a convex structure, was placed at the central part of the
proximal phalanx from the first to the fifth toe (Figure 1.2
2 The regular insoles had no toe-grip bar or a toe section
made from synthetic fiber with high-repulsion properties.
The structure of the regular insoles was the same as that of
the insoles with a toe-grip bar. Except for the insoles, both
groups wore the same standard business shoes provided by
the study investigators (Figure 2). Each day, the study inves-
tigators provided the shoes to the participants in the morning
and retrieved them 8 hours later.

2.3 | Measurements

Lower leg volume was measured before and after each in-
tervention, and the number of steps during each intervention
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FIGURE 2 The business shoe design used in this study

was measured. Moreover, lower limb muscle activity was
measured at the start of each intervention.

Lower leg volume was measured using the water dis-
placement method.”*** The reliability of the water replace-
ment method has been reported in previous studies.?®?
For the measurement, a rectangular-shaped aquarium, with
walls made of an acrylic board (length 300 mm X width
150 mm X height 450 mm, Natsume Seisakusho Co., Ltd.),
was used. A drainage outlet was attached to the upper end of
the aquarium, and any water overflow was discharged from
the drainage outlet. Next, the participants gradually lowered
their right lower limb into the full water tank, and the dis-
placed overflowing water volume was measured using a mea-
suring cylinder. The measurements were performed on the
left and right lower limbs, and the average lower limb volume
was calculated. The difference between the lower leg volume
measured at the end of the intervention and the baseline lower
leg volume in the morning was referred to as “occupational
leg swelling”>’ and was used for the analysis.

The number of steps was measured using a pedometer
with a 3-axis accelerometer sensor (EX-500; Yamasa Tokei
Keiki Co., Ltd.).*' The pedometer was clipped to a belt at the
waist and kept in place for 8 hours while the participants wore
the insoles with a toe-grip bar or regular insoles. The number
of steps during each intervention was used for the analysis.

Lower limb muscle activity was measured using a wire-
less surface electromyography (EMG) system (Telemyo G2,
Noraxon USA Inc).*> EMG was recorded from the right tibia-
lis anterior muscle and the right medial and lateral gastrocne-
mius muscle based on the method described by SENIAM,33

TABLE 1
lower leg volume, occupational leg swelling,

Comparison of the baseline

and the number of steps between insoles

with a toe-grip bar and regular insoles Parameters

Baseline lower leg
volume (mL)

Occupational leg
swelling (mL)

Number of steps (step)
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at a sampling rate of 1000 Hz. A reference electrode was at-
tached to the right head of the fibula. Initially, the maximum
voluntary contraction (MVC) of each muscle was measured
according to the manual strength test.>* Then, each muscle
activity during walking was measured. A bandpass filter (20-
500 Hz) was employed to remove noise from the measured
EMG data using an analysis software (MyoResearch XP,
Noraxon USA Inc). After performing full-wave rectification
processing and time normalization with one walking cycle as
100%, the integrated electromyogram (IEMG) values of the
stance and swing phases during walking were calculated. The
calculated IEMG values were normalized based on the MVC
of each muscle. The IEMG value of each muscle during the
stance and swing phases when the participants walked wear-
ing the shoes with a toe-grip bar or the regular insoles was
used for the analysis.

2.4 | Statistical analyses

Baseline lower leg volume, occupational leg swelling, and
the number of steps were analyzed using the Wilcoxon
signed-rank test. The IEMG values were analyzed using the
paired t-test. Statistical analyses were performed using SPSS
24.0 (IBM Corp.). The level of significance was set at <5%.

3 | RESULTS

There were no reports of pain or discomfort due to the toe
gripping bars, and all participants completed the cross-over
study. Occupational leg swelling was significantly smaller in
men wearing insoles with a toe-grip bar than in those wearing
regular insoles (P < .05). There was no significant difference
between insoles with a toe-grip bar and regular insoles in
terms of baseline lower leg volume and the number of steps
(all P > .05) (Table 1). The IEMG value of the tibialis an-
terior muscle and medial and lateral gastrocnemius muscles
during the stance phase of walking, and the tibialis anterior
muscle during the swing phase of walking was significantly

Insoles with a toe-grip

bar Regular insoles P
Mean + SD Mean + SD value
3414.17 + 304.76 3403.75 + 293.98 48
34.58 + 41.69 85.42 + 64.19 02"
3916.50 + 1060.27 3661.25 +911.80 35

Abbreviation: SD, standard deviation.

*P < .05, significant difference between insoles with a toe-grip bar and regular insoles.
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greater in men wearing insoles with a toe-grip bar than in
those wearing regular insoles (all P < .05) (Table 2).

4 | DISCUSSION

This study investigated the effects of insoles with a toe-grip
bar on occupational leg swelling and lower limb muscle ac-
tivity. Based on the results, occupational leg swelling was
found to be significantly smaller in men wearing insoles with
a toe-grip bar than in those wearing regular insoles. However,
there was no significant difference in the baseline leg volume
and the number of steps between two insoles. These results
suggest that the insoles with a toe-grip bar are effective in
attenuating occupational leg swelling.

According to previous studies, compression therapy,l""9
electrical stimu121ti0n,9’lO and leg movement' *'? have been
used to reduce occupational leg swelling. Compression ther-
apy attenuates leg swelling by increasing tissue pressure,l""9
whereas electrical stimulation and leg movement attenuate
leg swelling by reducing capillary pressure and increasing
tissue pressure by increasing the skeletal muscle pump func-
tion.>®'112 In this study, the muscle activity of the tibialis
anterior muscle and the medial and lateral gastrocnemius
muscles during the stance phase of walking was significantly
greater in participants wearing insoles with a toe-grip bar.
These results suggest that increasing the skeletal muscle
pump function in the lower legs by using insoles with a toe-
grip bar attenuated occupational leg swelling.

In this study, the occupational leg swelling when using
the insoles with a toe-grip bar was 34.58 mL. According
to a previous study that used the same water displacement
method as in this study, the occupational leg swelling was
20 mL when using progressive elastic compression stock-
ings (PECS) and 40 mL when using graduated compression
elastic stockings (GECS).” Although performing a direct
comparison is difficult due to the different intervention
methods and time periods, it was suggested that the insoles

Insoles with a toe-

with a toe-grip bar had similar effects to those of PECS
and GECS.

In this study, the insoles with a toe-grip bar increased the
muscle activity of the tibialis anterior muscle and medial
and lateral gastrocnemius muscles during the stance phase
of walking, and the tibialis anterior muscle during the swing
phase of walking. The insoles used in this study were com-
posed of a toe-grip bar made from synthetic fiber with high
repulsive properties.m'23 In the terminal stance, the toes per-
ceive the toe-grip bar and the reflexive toe-grip movement is
increased. It has been reported that the muscle activity of the
tibialis anterior and gastrocnemius muscles significantly in-
creases and the tibialis anterior muscle acts as a fixator of the
ankle joint while the gastrocnemius muscle acts as a cooper-
ative muscle during toe gripping.35’36 This suggests that the
subconscious increase in toe-grip movement during walking
due to the toe-grip bar promotes the muscle activity of the
tibialis anterior and medial and lateral gastrocnemius mus-
cles during the stance phase of walking. Moreover, the gas-
trocnemius muscle performs a crucial function to assist with
the propulsive force when walking, achieved by the contrac-
tion of the muscles at the late stance phase in the gait cycle.37
Meanwhile, it has been reported that antagonist conditioning
contraction (termed the “reversal of antagonists”) enhances
subsequent agonist contractile activities.™®* Hence, these
results suggest that the reversal of the muscle activity of the
gastrocnemius muscle in the late stance phase, promoted by
insoles with a toe-grip bar, increases the muscle activity of
the tibialis anterior during the swing phase.

There are some limitations to this study. First, partic-
ipants who had no occupational leg symptoms were re-
cruited in this study and walked approximately 4,000 steps.
The effects of the insole on participants with occupational
leg symptoms are unclear. Future studies need to verify
the effect of wearing insoles with a toe-grip bar in partici-
pants with occupational leg symptoms. Second, the change
in walking style after wearing insoles with a toe-grip bar,
measured with temporo-spatial gait parameters, has not

TABLE 2 Comparison of the lower
limb muscle activity during walking

grip bar Regular insoles P- between insoles with a toe-grip bar and

Parameters Mean + SD Mean + SD value regular insoles
Stance phase TA (IEMG) 21.71 +8.97 16.85 +7.56 o1’

MG (IEMG) 28.34 + 13.33 23.68 +9.54 01"

LG (IEMG) 28.74 + 15.21 23.93 +13.17 04
Swing phase TA (IEMG) 29.32 +9.46 22.20 + 7.68 00

MG (IEMG) 10.94 + 6.32 12.54 + 6.35 13

LG (IEMG) 8.79 +5.99 8.82 +5.36 .95

Abbreviations: IEMG, integrated electromyogram; LG, lateral gastrocnemius muscle; MG, medial

gastrocnemius muscle; SD, standard deviation; TA, tibialis anterior muscle.

*P < .05, significant difference between insoles with a toe-grip bar and regular insoles.
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been evaluated. Therefore, it cannot be denied that the un-
natural walking style caused by wearing the novel insoles
may increase the lower leg muscle activity. Future studies
should examine the changes in gait parameters caused by
insoles with a toe-grip bar.

5 | CONCLUSIONS

The findings of this study suggest that insoles with a toe-
grip bar may contribute to the attenuation of occupational leg
swelling and increase lower limb muscle activity. Moreover,
they can be widely applied as a simple tool to reduce leg
swelling by simply walking.

ACKNOWLEDGEMENTS
We thank all of the volunteers who participated in this study.

DISCLOSURE

Approval of the research protocol: The study was conducted
according to the principles of the Declaration of Helsinki
and was approved by the Institutional Ethics Committee of
Kyoto Tachibana University. Informed consent: All partici-
pants provided their written informed consent, and they were
allowed to withdraw from the study at any time. Registry
and the registration no. of the study/trial: UMIN000041663.
Animal studies: N/A. Conflict of interest: The authors declare
no conflict of interest for this article.

AUTHOR CONTRIBUTION

Conceptualization, S.M; methodology, SM; validation, HN,
SM, YK, and TA; formal analysis, HN, YK, and TA; investi-
gation, HN, SM, YK, and TA; resources, DM and MK; data
curation, HN, YK, and TA; writing—original draft prepara-
tion, HN; writing—review and editing, HN and SM; visuali-
zation, HN; supervision, SM; project administration, SM All
authors have read and agreed to the published version of the
manuscript.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available
from the corresponding author, upon reasonable request.

ORCID

Hideki Nakano "= https://orcid.org/0000-0002-2312-6154

REFERENCES
1. Blittler W, Kreis N, Lun B, Winiger J, Amsler F. Leg symptoms
of healthy people and their treatment with compression hosiery.
Phlebology. 2008;23:214-221.
2. Sudol-Szopinska I, Panorska AK, Kozinski P, Blachowiak K.
Work-related chronic venous disease in office and bakery workers.
Occup Ergons. 2007;7:125-137.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Journal of Occupational Health ¢ LEYM

de Boer EM, Broekhuijsen RW, Nieboer C, Bezemer PD. Lycra
support tights: are they effective? Phlebology. 1999;14:162-166.
Jungbeck C, Peterson K, Danielsson G, Norgren L. Effects of com-
pression hosiery in female workers with a standing profession.
Phlebology. 2002;16:117-120.

. Partsch H, Winiger J, Lun B. Compression stockings reduce occu-

pational leg swelling. Dermatol Surg. 2004;30:737-743.

Amsler F, Blittler W. Compression therapy for occupational leg
symptoms and chronic venous disorders — a meta-analysis of ran-
domised controlled trials. Eur J Vasc Endovasc Surg. 2008;35:
366-372.

. Mosti G, Partsch H. Occupational leg oedema is more reduced by

antigraduated than by graduated stockings. Eur J Vasc Endovasc
Surg. 2013;45:523-527.

Blazek C, Amsler F, Blaettler W, Keo HH, Baumgartner I,
Willenberg T. Compression hosiery for occupational leg symptoms
and leg volume: A randomized crossover trial in a cohort of hair-
dressers. Phlebology. 2013;28:239-247.

Wou J, Williams KJ, Davies AH. Compression stockings versus
neuromuscular electrical stimulation devices in the management of
occupational leg swelling. Int J Angiol. 2016;25:104-109.

Vena D, Rubianto J, Popovic MR, Fernie GR, Yadollahi A. The
effect of electrical stimulation of the calf muscle on leg fluid accu-
mulation over a long period of sitting. Sci Rep. 2017;7:6055.

. Uda S, Seo A, Yoshinaga F. Swell-preventing effect of inter-

mittent exercise on lower leg during standing work. Ind Health.
1997;35:36-40.

Lin YH, Chen CY, Cho MH. Effectiveness of leg movement in
reducing leg swelling and discomfort in lower extremities. Appl
Ergon. 2012;43:1033-1037.

Tucker AT, Maass A, Bain DS, et al. Augmentation of venous,
arterial and microvascular blood supply in the leg by isometric
neuromuscular stimulation via the peroneal nerve. Int J Angiol.
2010;19:e31-e37.

Zhang Q, Styf J, Ekstrom L, Holm AK. Effects of electrical nerve
stimulation on force generation, oxygenation and blood volume in
muscles of the immobilized human leg. Scand J Clin Lab Invest.
2014;74:369-3717.

Williams KJ, Moore HM, Davies AH. Haemodynamic changes
with the use of neuromuscular electrical stimulation com-
pared to intermittent pneumatic compression. Phlebology.
2015;30:365-372.

Reich-Schupke S, Murmann F, Altmeyer P, Stiicker M. Quality
of life and patients’ view of compression therapy. Int Angiol.
2009;28:385-393.

Riebe H, Konschake W, Haase H, Jiinger M. Advantages and disad-
vantages of graduated and inverse graduated compression hosiery
in patients with chronic venous insufficiency and healthy volun-
teers: a prospective, mono-centric, blinded, open randomised, con-
trolled and cross-over trial. Phlebology. 2018;33:14-26.

Robertson BF, Thomson CH, Siddiqui H. Side effects of compres-
sion stockings: a case report. BrJ Gen Pract. 2014;64:316-317.
Giinter C, Delbeke J, Ortiz-Catalan M. Safety of long-term elec-
trical peripheral nerve stimulation: review of the state of the art. J
Neuroeng Rehabil. 2019;16:13.

Dishman RK, Sallis JF, Orenstein DR. The determinants of physi-
cal activity and exercise. Public Health Rep. 1985;100:158-171.
Nakano H, Murata S, Abiko T, et al. Effect of insoles with a
toe-grip bar on toe function and standing balance in healthy


https://orcid.org/0000-0002-2312-6154
https://orcid.org/0000-0002-2312-6154

MW[ LEY— Joumal of Occupational Health
—_—

22.

23.

24.
25.
26.
217.
28.
29.

30.

31.

32.

NAKANO ET AL

young women: a randomized controlled trial. Rehabil Res Pract.
2017;2017:2941095.

Nakano H, Murata S, Abiko T, et al. Effect of insoles with a toe-
grip bar on toe-grip strength and body sway in middle-aged and
elderly women. Top Geriatr Rehabil. 2019;35:125-128.

Murata S, Abiko T, Nakano H, et al. The intervention effects
of insoles to improve the toe grip function for middle-aged and
elderly women with leg swelling. [Japanese] Health Care.
2017;59:497-502.

Soma M, Murata S, Kai Y, Nakae H, Satou Y. Activity of the
femoral muscles during toe-gripping action. J Phys Ther Sci.
2014;26:1619-1621.

Endo M, Ashton-Miller JA, Alexander NB. Effects of age and gen-
der on toe flexor muscle strength. J Gerontol Series A Biol Sci Med
Sci. 2002;57:M392-M397.

Nonaka H, Mita K, Akataki K, Watakabe M, Itoh Y. Sex differ-
ences in mechanomyographic responses to voluntary isometric
contractions. Med Sci Sports Exerc. 2006;38:1311-1316.

Beck TW, Housh TJ, Johnson GO, et al. Gender comparisons of
mechanomyographic amplitude and mean power frequency versus
isometric torque relationships. J Appl Biomech. 2005;21:96-109.
Vayssairat M, Maurel A, Gouny P, Gaitz JP, Nussaume O. Leg vol-
umetry: a precise method for quantification in phlebology. J Mal
Vasc. 1994;19:108-110.

Pasley JD, O’Connor PJ. High day-to-day reliability in lower leg
volume measured by water displacement. Eur J Appl Physiol.
2008;103:393-398.

Nakano H, Kodama T, Sakamoto M, et al. Effect of hand massage
on occupational leg swelling and resting-state electroencephalo-
graphic activity: a randomized cross-over study. Int J Clin Trials.
2018;3:125.

Bassett DR Jr, Toth LP, LaMunion SR, Crouter SE. Step counting:
a review of measurement considerations and health-related appli-
cations. Sports Med. 2017;47:1303-1315.

Kozawa M, Murata S, Madoba K, et al. Comparison of gait pa-
rameters and lower-limb muscle activity between the optimum

33.

34.

35.

36.

37.

38.

39.

and maximum gait velocities. Jpn J Health Promot Phys Ther.
2016;5:179-183.

Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G. Development
of recommendations for SEMG sensors and sensor placement pro-
cedures. J Electromyogr Kinesiol. 2000;10:361-374.

Avers D, Brown M. Daniels and Worthingham’s Muscle Testing:
Techniques of Manual Examination and Performance Testing, 10th
ed. Philadelphia: Saunders; 2018.

Soma M, Murata S, Kai Y, et al. Kinematic analysis during
toe-gripping strength exertion: angular changes in the ankle joint
and leg muscle activities. J Phys Ther Sci. 2015;27:1957-1960.
Soma M, Murata S, Kai Y, et al. The activities of the muscles
around the ankle joint during foot-gripping are affected by the
angle of the ankle. J Phys Ther Sci. 2013;25:1625-1627.

Francis CA, Lenz AL, Lenhart RL, Thelen DG. The modula-
tion of forward propulsion, vertical support, and center of pres-
sure by the plantarflexors during human walking. Gait Posture.
2013;38:993-997.

Gabriel DA, Basford JR, An KN. The reversal of antagonists facili-
tates the peak rate of tension development. Arch Phys Med Rehabil.
2001;82:342-346.

Kamimura T, Takenaka T. Potentiation of knee extensor contrac-
tion by antagonist conditioning contraction at several intensities.
J Physiol Anthropol. 2007;26:443-447.

How to cite this article: Nakano H, Murata S, Kai Y,
Abiko T, Matsuo D, Kawaguchi M. The effect of
wearing insoles with a toe-grip bar on occupational
leg swelling and lower limb muscle activity: A
randomized cross-over study. J Occup Health.
2020;62:¢12193. https://doi.org/10.1002/1348-
9585.12193



https://doi.org/10.1002/1348-9585.12193
https://doi.org/10.1002/1348-9585.12193

