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INTRODUCTION

Stress fracture of the fifth metatarsal, which occurs mainly 
in the proximal epiphyseal region, tends to engender delayed 
union and nonunion.1) It is an intractable fracture that re-
quires basketball players to take long-term rest from athletic 
activities. Injury occurs more often in sports that include 
many turning and stopping motions, such as football and 
basketball.2) The mechanism of injury is considered to be 
adduction and supination in the forefoot caused by athletic 
movements.3–5) Fujita et al. reported in a previous study of 
the inside pivot leg during turning motion in football players 
that an increase in lateral foot plantar pressure is the factor 
generating stress fracture of the fifth metatarsal; moreover, 
players with higher toe grip strength exhibited lower lateral 
foot plantar pressure.6) An increase in lateral foot plantar 
pressure puts a greater load on the lateral foot. In this case, 
the center of pressure (COP) is regarded as shifted laterally.

An earlier study that investigated the physical properties 
of college football players with stress fracture of the fifth 
metatarsal established that the group with stress fracture of 
the fifth metatarsal tended to have weaker toe grip strength.7) 
Furthermore, the occurrence of ankle pain decreased on 
improvement of the toe grip strength in basketball players.8) 
Moreover, it has been demonstrated that improvement in the 
toe grip strength is effective for better balance and for achiev-
ing higher walking speeds in college students in general.9) 
These facts suggest that improvement in the toe grip strength 
reduces the load on the lateral foot. However, the effect of 
improvement in the toe grip strength on the COP position 
in athletic movement remains unclear. The above-described 
studies4,6,7) mainly investigated football players. Here, our 
originally study investigates the effects of toe grip strength-
ening exercises on basketball players and non-athletes.

According to several studies, including that of Handa et 
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Objective: This study was conducted to clarify the ground reaction force exerted on the foot 
during athletic movements and to demonstrate the effects of reach balance training (RB-T) on toe 
grip strength as an injury prevention exercise. Methods: RB-T was undertaken for 2 weeks by 11 
male college basketball players and 22 healthy male college students (including 10 participants in 
the control group). The vertical ground reaction forces during athletic movements were measured 
using ground reaction force meters. Before and after RB-T intervention, toe grip strength was 
measured with a toe grip strength meter, and distances of the center of pressure (COP) to the 
center of the foot during movement were measured using a three-dimensional motion analyzer. 
Results: The vertical ground reaction force during athletic movement was highest during take-off 
and decreased in the following order: single-leg front landing, single-leg lateral landing, and turn-
ing. The toe grip strength of the BT group and the T group increased after RB-T intervention. For 
the BT group, RB-T also tended to decrease the COP lateral distance on turning in the dominant 
leg and the COP front distance on turning and take-off in both legs. Conclusion: RB-T could 
improve the toe grip strength and stabilize the COP position.
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al.,10–14) there is significant correlation between the reach-
ing distance of the arm and the toe grip strength in forward 
reaching movements. Schlenstedt et al.15) reported that 
the distance of the COP shift in the front–back direction 
decreased significantly after single-leg balance exercise. 
Therefore, we can expect that single-leg reach balance train-
ing will improve the toe grip strength and stabilize the COP 
position.

The main purpose of the current study was to clarify load-
ing on the foot in athletic movements in basketball players. 
Because basketball players are especially familiar with the 
movements studied and because they suffer from the risk 
of fifth metatarsal fatigue fracture, these investigations 
could elucidate which movements put most stress on the 
foot and could yield fruitful results for athletes in general. 
Another aim was to determine the effects of reach balance 
training (RB-T), which is an exercise aimed at improving 
toe grip strength, in basketball players and non-athletes. The 
maximum vertical ground reaction force (Fz) during athletic 
movements (i.e., the loading on the foot) and the COP posi-
tion at the maximum Fz were measured. Changes were in-
vestigated by assessing differences between values obtained 
before and after intervention, assuming that the load on the 
lateral foot in the direction of supination increases with the 
distance of the COP position lateral to the center of the foot.

MATERIALS AND METHODS

Participants
The athlete participants were 11 male college basketball 

players (BT group: age 19.9±0.7 years, height 179.3±4.8 cm, 
weight 75.9±8.1 kg) who belong to league 1 of the Kanto Col-
legiate Basketball Federation. The non-athlete participants 
were 22 ordinary male college students; 12 were assigned 
randomly to the training group (age 21.6±0.5 years, height 
173.3±5.8 cm, weight 62.6±5.0 kg) (T group), and 10 were 
assigned randomly to the control group (age 21.9±0.6 years, 
height 169.0±7.1 cm, weight 60.9±7.1 kg) (C group). Handed-
ness was inquired of each participant, and the leg on the same 
side as the dominant arm was designated the dominant leg; 
that on the other side was designated the nondominant leg. 
Participants were informed of the objectives, methods, and the 
anticipated hazards and inconveniences related to the experi-
ment. Each participant gave written consent thereafter. Con-
sent was obtained from guardians of participants who were 
minors. Participants who became injured or suffered ill health 
during the intervention period were excluded. This study was 
undertaken after obtaining approval from the research ethics 
committee of the affiliated institution (IN 28–56).

Methods
The BT group and the T group performed RB-T (Fig. 1) 

on both sides 20 times/day for 2 weeks. RB-T was started in 
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Fig. 1.  Reach balance training.
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the single-leg standing position, and then the contralateral 
leg of the supporting leg was stretched backward maximally 
while the arm was extended forward maximally. For the BT 
group, RB-T was performed in addition to normal practice 
and training. Participants who could not perform RB-T four 
or more days a week over the 2-week study period were 
excluded.

Measurement Methods
The following parameters were measured before and 

after RB-T intervention: Fz, the COP lateral distance and 
front distance during movements, and the toe grip strength. 
For motion analyses, a three-dimensional motion analyzer 
(Vicon Nexus; Vicon Motion Systems) was used. Reflection 
markers were applied to 35 sites over the body according to 
the plug in gait model; their locations were measured at a 
sampling frequency of 100 Hz using five cameras. For Fz 
measurement, two ground reaction force meters (BP400600; 
Advanced Medical Technology Inc.) were used at a sampling 
frequency of 1000 Hz.

The four movements performed barefoot to measure the 
maximum Fz (standardized by body weight) were turning, 
take-off, single-leg front landing, and single-leg lateral 
landing. Each movement was measured four times, and the 
mean of three runs (excluding the first run) was calculated. 
For turning, the maximum Fz was measured separately for 
the outside leg and the inside leg. Single-leg front landing 
and single-leg lateral landing were achieved on landing after 
jumping in the forward direction and the right direction with 
maximal effort, but allowing the participant to stand still for 
1 s or longer after landing.

For the COP lateral distance, the minimum distance was 
calculated between the COP and the line through the second 
metatarsal head and the rear tuberosity of the heel using the 
marker position on the horizontal surface (Figs. 2, 3). The 
COP position was measured using the ground reaction force 
meter. An outward shift in COP was designated as positive 
(+), and an inward shift as negative (−). In addition, the COP 
front distance was measured as the distance from the COP 
to the perpendicular from the marker at the lateral malleolus 
to the line through the second metatarsal head and the heel 
(Fig. 3). The COP lateral distance and the COP front dis-
tance were measured at the time of maximum Fz. If Fz was 
bimodal, the COP distance was recorded at the maximum Fz 
within 40 ms after grounding (Fig. 4).

The toe grip strength was measured three times using a toe 
grip strength meter (TKK3364; Takei Scientific Instruments 
Co. Ltd.) and the mean was calculated.

Analysis Methods
The maximum normalized Fz was obtained for five con-

ditions: take-off, single-leg front landing, single-leg lateral 
landing, and the outside and inside leg in turning. The means 
measured before and after intervention were compared using 
one-way analysis of variance (ANOVA). Subsequent multiple 
comparisons were carried out using the Bonferroni test. For 
the toe grip strength, the means of three measurements on 
both legs before and after intervention were compared. For 
the toe grip strength, the COP lateral distance, and the COP 
front distance, the effects were compared using two-way 
ANOVA for the three groups, comparing values obtained be-
fore and after the intervention. The level of significance was 
set at 5% for all analyses. SPSS Statistics software (ver.22.0; 
IBM Corp.) was used for the statistical analyses.
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Fig. 2.  Foot marker locations.

Fig. 3.  Definitions of COP lateral distance and COP front 
distance.
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RESULTS

No participant was excluded from the BT group or the T 
group because of failure to complete training. The results of 
trials in which the single-leg standing position could not be 
maintained for 1 s or longer after landing were excluded.

Figure 5 presents the mean maximum Fz normalized by 
body weight for each motion. A significant main effect was 
found for each as a result of ANOVA among the five groups 
[F (2.768, 0.103)=153.823, MSe=0.103, P<0.01: Greenhouse–
Geisser correction, partial η2=0.77]. As a result of multiple 
comparisons, the normalized maximum Fz was highest for 
take-off and decreased in the following order: single-leg 
front landing, single-leg lateral landing, and the outside leg 
and the inside leg in turning. No significant difference was 
found in the maximum normalized Fz in the outside leg and 
the inside leg in turning.

Figure 6 shows the toe grip strength before and after 
RB-T intervention in the BT group, T group, and C group. 
The mean toe grip strength was 16.6±3.5 kg before interven-
tion and 17.8±4.8 kg after intervention in the BT group. In 

the T group, the values were 15.3±3.3 kg and 17.0±3.6 kg, 
respectively, and in the C group, the values were 11.7±2.7 kg 
and 11.5±2.5 kg, respectively. Two-way ANOVA revealed no 
significant interaction. A significant main effect was found 
before and after intervention [F (1, 61)=5.745, MSe=5.058, 
P=0.020: Greenhouse–Geisser correction, partial η2=0.086]. 
A significant main effect was also found among the three 
groups [F (2, 61)=18.488, MSe=19.734, P<0.01, partial 
η2=0.377]. Results of multiple comparisons showed that for 
toe grip strength, BT group > C group, T group > C group, 
and BT group = T group.

Table 1 presents the mean COP lateral distance at the 
maximum Fz for each motion. Using two-way ANOVA for 
the dominant leg and the non-dominant leg for the three 
groups before and after RB-T intervention, a decrease in the 
mean COP lateral distance was found in turning in the domi-
nant leg: 7.2±3.1 mm before intervention and 5.0±2.8 mm 
after intervention in the BT group, and 7.6±4.6 mm before 
intervention and 5.2±3.5 mm after intervention in the T 
group. However, no significant interaction was found and no 
main effect was found from examination of data before and 
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Fig. 4.  The red dot indicates the point of maximum Fz.
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Fig. 5.  Maximum Fz normalized by body weight during each motion.

Fig. 6.  Comparison of the toe grip strength before and after RB-T for the three groups.
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after intervention or among the three groups [F (2, 29)=2.921, 
MSe=20.318, P=0.543, partial η2=0.168].

For take-off, the COP lateral distance showed an increas-
ing trend in both the dominant leg and the non-dominant leg 
in the BT group, although it decreased in the non-dominant 
leg of the T group from 3.7±8.8 mm before intervention to 
0.8±10.3 mm after intervention. However, no significant 
interaction was found. No main effect was found for data 
obtained before and after intervention or among three groups 
[F (2, 29)=0.569, MSe=93.016, P=0.572, partial η2=0.173]. 
No significant interaction was found for either leg during 
single-leg front landing or for either leg during single-leg 
lateral landing. 

Table 2 gives the mean COP front distance at the maxi-
mum Fz for each motion. For both the dominant leg and the 
non-dominant leg, no significant interaction was found for 
any of the four motions among data obtained before and after 
intervention in the BT group, T group, or C group. No main 
effect was found for data obtained before and after interven-
tion or among the three groups. For turning, the COP front 
distance showed a decreasing trend for both legs in the BT 
group and in the non-dominant leg in the T group [dominant 
leg: F (2, 28)=0.390, MSe=223.736, P=0.681, partial η2=0.27; 
non-dominant leg: F (2, 27)=2.681, MSe=53.241, P =0.475, 
partial η2=0.054]. For take-off, a decreasing trend was appar-
ent after intervention compared to that before intervention 
for both legs in the BT group [dominant leg: F (2, 27)=2.681, 
MSe=99.754, P=0.870, partial η2=0.166; non-dominant leg: F 
(2, 27)=2.681, MSe=53.241, P =0.475, partial η2=0.054]. For 
single-leg lateral landing, a decreasing trend was observed 
only in the dominant leg in the T group [F (2, 29)=1.079, 
MSe=155.203, P=0.353, partial η2=0.069].

DISCUSSION

We found that the mean normalized maximum Fz in ath-
letic movements was highest during take-off and decreased 
in the following order: front landing, lateral landing, and 
turning. During take-off, the loading on the foot was about 
three times the body weight. Guettler et al.16) reported that 
the plantar pressure of basketball players wearing shoes was 
about five times the body weight for single-leg landing. This 
discrepancy could be explained by the difference between 
subjects wearing shoes and being barefoot. In football play-
ers, the critical factor for stress fracture of the fifth meta-
tarsal is reportedly the weight bearing outward shift of the 
inside leg during turning.6) However, in the current study, 
no significant difference was found between the inside and 

outside legs in basketball players. This finding suggests that 
similar loading would occur in both legs during turning.

After RB-T intervention, the toe grip strength tended to 
increase in the BT group and the T group, but not in the C 
group. RB-T is the motion of arms reaching forward while 
balancing on a single leg. Correlation has been observed be-
tween the forward reaching distance of the arm and the toe 
grip strength.10–14) In RB-T, which requires posture control 
on a single leg to avoid falling, it is necessary to reach out the 
arm and the leg while always controlling the COP position 
within the base of support of the foot. It is considered that 
repeatedly performing this motion is effective for improving 
the neurogenic muscle strength of toe flexors. However, it 
is expected that when RB-T is performed but the toe grip 
strength is not used properly, the COP position will be poorly 
controlled and the COP will move laterally. This is regarded 
as one reason why the COP lateral distance did not decrease 
uniformly in the current study. Additionally, previous 
reports show that the effect of exercise therapy to improve 
toe grip strength was observed after not less than 3 weeks 
in a study in which towel gathering (10 min) was performed 
four times per week,17) after 4 weeks of combined training 
at least six times per week,9) and after 6 weeks of combined 
training three times per week (performed 18 times).18) It is 
likely, therefore, that the effect of RB-T in improving toe grip 
strength would be demonstrated more clearly by extending 
the intervention period to at least 3 weeks or by increasing 
the number of training iterations.

After intervention, the COP lateral distance tended to de-
crease in turning of the dominant leg in the BT group and the 
T group. This effect likely resulted from RB-T improving the 
toe grip strength, which changed the COP position inward at 
the point of maximum Fz during turning. This agrees with 
previous studies that demonstrate a decreased moment of su-
pination by the centering of the COP position.19,20) The COP 
front distance similarly showed a decreasing tendency during 
take-off in the BT group, but not in the T group. This could 
be because the BT group was familiar with the movement 
adopted in the study and so the effect was evident in 2 weeks. 
For the T group, the RB-T training was sufficient to see an 
improvement in the toe grip strength, but not to see a move-
ment in the COP front distance. According to Tsuyuguchi et 
al.,8) “centipede walking,” or pulling at the floor with the toes 
in the standing position, is considered to be effective training 
for rehabilitation. “Centipede walking” with active exercise 
for 2 months helped to improve the toe grip strength and the 
time of closed-eye single-leg standing. Handa et al.10) and 
Fransz et al.21) suggested that toe grip strength has a stronger 
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influence on situations in which kinetic balancing capacity is 
needed than on passive standing. RB-T was also suggested to 
be effective not only for the improvement of muscle strength 
but also for improving the kinetic balancing function and the 
centering of the COP.

Limitations of this study prevented us from concluding 
simply that the COP distance was changed by the effects of 
RB-T alone because the BT group in this study performed 
normal athletic practice and training. The effects of RB-T 
would probably be confirmed more clearly by broadening 
measurements to include the shift of the center of gravity 
during performance of RB-T or 3D analysis of the COP posi-
tion. RB-T seems to contain many possibilities. It should be 
possible to generalize these observations by investigating 
other sports and, consequently, to make proposals to help 
protect athletes from injury.
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