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Objective: The purpose of this study was to show the temporary effects of performing jumping lunges on a sand surface on static 

balance and dynamic balance.

Design: Randomized controlled trial.

Methods: Twenty healthy subjects volunteered in the study and was randomly assigned into either the sand group (n=10) or the 

control group (n=10). The subjects in the sand group performed jumping lunges on a sand surface and the subjects in the control 

group performed jumping lunges on a firm surface. The intervention was performed for 3 sets of 8 repetitions by both groups. To 

measure static balance, the force plate was employed to measure the center of pressure (CoP) area, and the CoP velocity during 

one-legged standing. Anterior, postero-medial, postero-lateral movements was assessed using the Star Excursion Balance Test 

(SEBT) to measure dynamic balance.

Results: After the intervention, the sand group showed statistically significant improvements on all variables (CoP area, CoP ve-

locity) in static balance (p<0.05). There were statistically significant changes in CoP area and CoP velocities between the two 

groups (p<0.05). In the sand group, there were significant improvements in the postero-medial and postero-lateral directions 

(p<0.05) except for anterior direction on dynamic balance. In the control group, there was a significant improvement in the post-

ero-lateral and anterior directions (p<0.05). In comparison of the two groups, there was no statistically significant improvement in 

all variables.

Conclusions: This study demonstrated that performing jumping lunges on a sand surface was effective in improving static and 

dynamic balance temporarily.
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Introduction

Balance is an ability to maintain the center of mass within 

the base of support. Loss of balance increases the chances of 

falling and limits mobility [1]. Thus, maintaining and im-

proving balance ability is a very important in performing 

daily life activities, such as walking, running, and climbing 

stairs. To improve balance ability, many interventions such 

as nerve mobilization, taping, resistance training, tai-chi, pi-

lates, and plyometric exercises have been investigated [2,3]. 
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Among those interventions, plyometric exercises have been 

commonly used for athletes to improve their balance, which 

is important for making good results on the field [4,5]. Also, 

performing exercises on different surfaces is a common 

method used to improve balance [6]. 

It has been reported that plyometric exercises play a sig-

nificant role in improving balance ability [5,6]. However, 

most of previous studies were focused the long-term effects, 

thereby the short-term effects or immediate effects follow-

ing plyometric intervention was uncertain until the present 

[7]. Moreover, individual plyometric programs have not 

been studied extensively and therefore, the scientific evi-

dence of the effects and benefits are insufficient. 

Balance exercise performance on an unstable surface is 

more effective in improving balance than using common 

firm surfaces. However, most of studies used tools such as 

Togu only, and other studies used various surfaces, such as 

firm surfaces, grass, and artificial grass, and were compared 

to each other only [8,9]. Sand, which is one of the most com-

mon surfaces among unstable surfaces, is known to be a use-

ful surface for deriving many good results after exercise on 

persons with articular problems, ordinary people, and elite 

athletes due to its characteristics, such as small particles and 

its ability to spreading onto the surface [5]. 

There are a few studies about the effect of performing 

plyometric exercises on a sand surface, but since the studies 

selected elite athletes, such as beach soccer players as sub-

jects, it is difficult to apply the results on ordinary people or 

patients [5,10]. Previous studies mostly included athletes as 

subjects and did not focus on balance ability on sand surface, 

although its characteristics are useful for ordinary people 

and patients since the surface derives less fatigue on the 

musculoskeletal system [5,6,8-10]. It is important to prove 

that balance ability can be improved by exercising on a sand 

surface, which is easily accessible, in order to develop a 

good balance program for the general population and 

patients.

Thus, the purpose of this study was to examine the tempo-

rary effect of performing plyometric exercises on a sand sur-

face on balance ability and to compare the effect of exercis-

ing on a sand and firm surface.

Methods

Experimental design

This study was designed as a single blinded, randomized 

control trial. The subjects were assigned into two groups 

randomly using Random Allocation Software. One physical 

therapist performed the intervention and other physical 

therapist conducted the measurement under a blinded 

condition. 

Subjects

Thirty-five people who are living in Korea volunteered in 

the study and 20 people (15 male and 5 female) who satisfied 

the criteria were randomly selected as subjects using simple 

random sampling. The inclusion criteria were subjects who 

were older than 18 years old, did not experience plyometric 

exercise before, and those interested plyometric exercises 

were selected. The exclusion criteria were 1) those with or-

thopaedic or neurologic diseases and 2) those with visual or 

vestibular deficits that may affect balance test performance, 

3) person having lower extremity injury within at least six 

months of the study, 4) person having history of osteo-

myoarticular lesions or previous fracture or surgery to the 

lower extremity [11,12]. Prior to participating in the study, 

subjects were informed about the purpose and procedure of 

the study and then signed the consent forms. The study was 

approved by Institutional Review Board of Gachon 

University (IRB No. 1044396-201805-HR-119-01).

Procedures

The subjects were randomly assigned into one of two 

groups, either the sand group or the control group. A week 

before participating in the experiment, the subjects learned 

and were educated about the jumping lunge. Static and dy-

namic balances were measured using a force plate and the 

Star Excursion Balance test (SEBT). The subjects rested for 

5 minutes after the pre-measurement session. To perform the 

intervention, the subjects stretched for warm-up and per-

formed jumping lunges on the sand or firm surface. The sub-

jects rested for 1 minute after a jumping lunge and then were 

measured just as the pre-measurement process. The measur-

ing process took approximately 45 minutes.

Intervention

The subjects placed their non-dominant leg behind till the 

knee was right below their body when they performed the 

lunge and with their hands on their waist. The subjects stood 

their upper body straight and gazed their front side. When 

the subjects performed the lunge, they bent their knees until 

90° and then jumped (Figure 1A). They switched their legs 

during the jump (Figure 1B). The evaluator who did not par-

ticipate in the measurement supervised the subjects per-
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Figure 1. (A) Jumping lunge in action. 

(B) Jumping lunge in end position. 

The subjects bent their knees till 90°

and then jumped. The subjects switch-

ed their legs during jumping and 

landed.

forming the jumping lunge. If they failed to maintain bal-

ance it was counted as one, therefore, the subjects were re-

quired to maintain their balance as best as possible, and they 

performed the lunges with their preferred speeds. The jump-

ing lunge was done for 3 sets of 8 repetitions total, and a 

one-minute break was provided between the sets. 

Outcome measurement

Static balance measurements

To measure static balance, the center of pressure (CoP) 

was measured using a force plate (FDM-SX Pressure Plate; 

NORAXON, Scottsdale, AZ, USA) and the signal was proc-

essed using MyoResearch 3 software (Noraxon Inc., 

Scottsdale, AZ, USA). The measured parameters were CoP 

area (mm²), CoP velocity (mm/s). Inter-rater reliability of 

the equipment is 0.84-0.95 [13]. 

The participants were instructed to stay on force plate 

with bare feet and to stand up straight while maintaining 

their heads towards the front side. They put their hands 

crossed on their chest and stood with their dominant leg 

while maintaining balance for 15 seconds. Data was col-

lected by eliminating the first and last 2.5 seconds, and 

therefore, 10 seconds of the raw data were used. The meas-

urements were repeated 3 times and its average was 

processed. The whole process took less than 5 minutes. If the 

subjects moved their arms to maintain balance, swayed in 

any side more than 10 degrees, or took their hands off their 

chest, opposite leg touched the ground, the measurement 

was performed again [14]. 

Dynamic balance measurements

SEBT was used to measure the subjects’ dynamic 

balance. They put their hands on their waist while they look-

ing straight ahead and maintained their balance with their 

dominant leg while they reached with their non-dominant 

leg in anterior, posterior-medial, posterior-lateral directions 

after the evaluator instructed ‘go’ to the subjects. Then the 

subjects maintained in each position for 3 seconds. The dis-

tance was measured from the center to the end of toe of the 

non-dominant leg by cm. Mistakes were considered to be 

when the heel of the maintaining, dominant leg was off the 

floor, hands were taken off from their waist, or when they 

lost their balance. The measurement was performed 3 times 

for each direction and the average of the result was used as 

data. To get rid of the order effect, the directions were ran-

domly given by the evaluator using Latin squares. The par-

ticipants’ leg length was measured from the anterior superi-

or iliac spine to medial malleolus while they stood still. The 

whole process took less than 10 minutes. Inter-rater reli-

ability of the equipment is 0.86-0.92 [15].

Statistical analysis

The data was processed by IBM SPSS Statistics ver. 21.0 

software (IBM Co., Armonk, NY, USA) and mean and 

standard deviation values were derived from every variable. 

Normality test was done by Sharpiro-Wilk test and variables 

were analyzed using the independent t-test and paired t-test. 

Significant level α was set at 0.05.
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Table 2. Static balance variables         (N=20)

Variable Sand group (n=10) Control group (n=10) t(p)

CoP area (mm
2
)

   Pre   527.52 (134.120)   462.87 (157.680) 0.988 (0.336)

   Post 452.497 (137.055) 506.38 (182.227)

   Changes 75.031 −43.508 4.128 (0.001)

   t(p) 4.421 (0.002) −1.878 (0.093)

CoP velocity (mm/s)

   Pre 33.721 (9.876) 31.87 (11.266) 0.391 (0.701)

   Post 28.696 (7.883) 32.263 (10.758)

   Changes 5.025 −0.392 3.259 (0.004)

   t(p) 3.521 (0.007) −0.461 (0.656)

Values are presented as mean (SD).

CoP: center of pressure.

Table 1. General characteristics of participants         (N=20)

Variable Sand group (n=10) Control group (n=10) t(p)

Age (y) 23 (3.46) 22.9 (2.96) 0.069 (0.945)

Height (cm) 174.8 (7.3) 173.3 (7.76) 0.445 (0.661)

Weight (kg) 69 (11.42)     72.2 (10.00) −0.667 (0.513)

Leg length (cm) 88.49 (4.53) 89.12 (3.07) −0.364 (0.720)

Values are presented as mean (SD).

Results

Demographic characteristics

The participants understood the procedure and volun-

tarily provided their consent. Twenty participants were ran-

domly assigned into either the sand group (n=10) or the con-

trol group (n=10) and their general characteristics were as 

follows. There were no significant differences between the 

baseline characteristics of the two groups (Table 1).

Static balance 

After the intervention, the sand group showed statistically 

significant results in every parameter (CoP area, CoP veloc-

ity) (p<0.05). However, in the control group, there was no 

significant result in every parameter (p>0.05). There were 

statistically significant results in every parameter between 

the two groups after the intervention (p<0.05) (Table 2).

Dynamic balance

There were statistically significant differences on the 

postero-lateral and poster-medial variables in the sand group 

(p<0.05). In the control group, there was a statistically sig-

nificant difference in the postero-lateral and anterior varia-

bles (p<0.05). There were no statistical differences between 

the two groups after the intervention (p>0.05) (Table 3).

Discussion 

The result of this study showed the temporary effects of 

performing jumping lunges on a sand surface on static and 

dynamic balance. There were significant improvements on 

CoP area and CoP velocity in the sand group, but not in the 

control group. Unstable surfaces have been commonly men-

tioned as an important condition for balance exercises [16], 

and this study supports that the sand surface is an appro-

priate condition used for balance exercises. According to 

Nepocatych et al. [17], performing balance exercises on un-

stable surfaces improved static balance ability, which corre-

sponds with the results of this study in that performing bal-

ance exercises on a sand surface improved static balance be-

cause the sand surface is unstable. Moreover, compared to 

the intervention on a firm surface, the improvement of static 

balance was significantly effective, and which is agreed by 

a study by Emery et al. [18] who compared the effect of per-

forming balance exercises on sand and firm surfaces in 

healthy people. 
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Table 3. Dynamic balance variables         (N=20)

Variable Sand group (n=10) Control group (n=10) t(p)

Anterior

   Pre   74.956 (3.370)   71.116 (6.900) 1.580 (0.131)

   Post 77.059 (5.019) 75.317 (6.970)

   Changes −2.103 −4.201 1.109 (0.282)

   t(p) −1.901 (0.090) −2.737 (0.023)

Postero-lateral

   Pre 76.119 (6.958) 66.655 (14.325) 1.879 (0.083)

   Post 79.33 (6.914) 70.917 (16.642)

   Changes −3.211 −4.262 0.578 (0.570)

   t(p) −2.319 (0.046) −3.617 (0.006)

Postero-medial

   Pre 80.451 (7.752) 78.307 (10.469) 0.520 (0.609)

   Post   84.61 (5.770)   82.61 (10.940)

   Changes −4.158 −4.304 0.056 (0.956)

   t(p) −3.339 (0.009) −1.882 (0.092)

Values are presented as mean (SD).

In the usual training for improving balance ability, bal-

ance between agonist and antagonists has been highlighted 

[19,20]. Lunge exercise reinforces not only the hip and thigh 

muscles, but also requires co-contraction of the quadriceps 

and hamstring muscles [21]. It appears that the exercise in 

this study derived the activation of the agonist and antago-

nist muscles of the lower extremities, and thus, static bal-

ance ability was improved. 

The gastrocnemius is activated in the support phase dur-

ing a jump as one of the agonists and plays an important role 

in ankle strategy among the balance maintaining strategies. 

It seems that the decrement of sway on static balance oc-

curred because of the activation of the gastrocnemius mus-

cle by the repeated jumping lunge exercises. 

In the sand group, there were significant improvements in 

the postero-lateral and postero-medial variables, and there 

was a significant improvement in the postero-lateral and an-

terior variables in the control group. 

The result of improvement in direction variables before 

and after exercise corresponds with a previous study [22], 

but the results of the effect of exercise on different surfaces 

was not in agreement. The result of previous studies examin-

ing the effects of performing 4 weeks of balance training on 

dynamic balance reported that there was significant im-

provements in the experimental group compared to the con-

trol group [23,24]. However, it seems that the period of ex-

ercise of the study was short and the exercise was consisted 

of a single exercise, thus there was no difference between 

groups. Furthermore, there were studies that reported that 

exercising on sand surfaces induced more fatigue and en-

ergy expenditure after exercise than other surfaces [25,26]. 

In the study, the balance abilities were measured for one mi-

nute after the exercise, thus the participants may not have 

had enough time to recover from exercising on a sand sur-

face when it was time to perform the SEBT. Moreover, the 

posture of the lunge was not related with SEBT. During the 

jumping lunge, the participants jumped straight up in the air 

instead of to the other directions, such as the SEBT, demand-

ing that people need to maintain their balance in the various 

positions. Thus, performing jumping lunges does not im-

prove dynamic balance ability significantly on the SEBT. 

Although there was no significant difference, there was a 

balanced improvement in both posterior directions, and 

therefore, balance exercises on sand surfaces appear to be 

more efficient. Also, exercising on a sand surface has a few 

advantages, such as shock absorption and less muscular 

soreness, which may render it to be more suitable for re-

habilitation exercises, such as balance exercises for the eld-

erly, patients with musculoskeletal problems and people 

who do not have enough abilities to exercise.

Jumping lunge exercises used in this study were in the low 

intensity category of plyometric protocols and are consid-

ered to be good for the thigh muscles, especially the quad-

riceps muscle. During the performance of a jumping lunge, 

there is a strong concentric contraction of the quadriceps 

muscle during the jump and is a strong eccentric contraction 

to maintain the weight during landing into the lunge position 

after switching legs in the air. These characteristics are di-
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rectly related with the dynamic balance ability for a one-leg-

ged standing position, such as a single leg squat or the SEBT 

[27]. During the SEBT, to maintain the body in an upright 

position while reaching with the other leg towards various 

directions against gravity requires eccentric and concentric 

contractions of the quadriceps muscles. 

Thus, it seems that the SEBT results were significantly 

improved because the reaction and muscular control abil-

ities were temporarily improved right after the jumping 

lunge. Also, unlike the control group, it seems that the rea-

son why there were significant improvements in the post-

ero-medial and lateral directions in the sand group was be-

cause the characteristic of the unstable surface made turbu-

lence on the medial and lateral side during exercise and they 

caused adaptation of the quadriceps muscles to the 

turbulence. 

However, there were a few limitations in the study as fol-

lows; 1) electromyography has not performed to prove the 

changes in muscular activation and 2) the number of sub-

jects was not sufficient.

According to the results, there was a significant improve-

ment in static balance in the sand group compared to the con-

trol group, which indicates that exercising on a sand surface 

is more effective time-wise. The authors recommend future 

researchers to include the sand surface in rehabilitation pro-

tocols to obtain an effective improvement based on the 

results. Furthermore, investigation of the long-term effects 

of the intervention needs to be proved in future studies.
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