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ABSTRACT

Objective: The single-legged hop for distance (SLHD) is a functional test widely used to assess lower limb performance and readiness for re‐

turn to sport. While lower limb strength and balance are known contributors to SLHD performance, the influence of trunk function has re‐

ceived limited attention. To investigate the relationship between trunk strength, dynamic balance, and SLHD performance in healthy young

adults.

Materials and Methods: Twenty-nine recreationally active participants (22.5±1.7 years; 16 females) underwent isokinetic trunk flexion and ex‐

tension strength testing, dynamic balance assessment using the Y-Balance Test, and SLHD testing. Pearson correlations and multiple linear re‐

gression were used to identify predictors of SLHD performance.

Results: SLHD performance was significantly correlated with trunk extension strength (r=0.60, p=0.001), trunk flexion strength (r= 0.42, p=

0.024), posteromedial balance (r= 0.47, p= 0.002), and posterolateral balance (r= 0.54, p= 0.002). In the final regression model, trunk extension

strength (β= 0.504, p= 0.001) and posterolateral balance (β= 0.439, p= 0.003) emerged as significant predictors, together explaining 54% of the

variance in SLHD (R²=0 .54, p< 0.001).

Conclusion: Trunk extension strength and posterolateral dynamic balance are significant contributors to SLHD performance in healthy indi‐

viduals. These findings highlight the importance of trunk function and multidirectional balance in dynamic functional tasks and may inform

training and rehabilitation strategies targeting performance and injury prevention.

Keywords: Trunk strength, dynamic balance, single-legged hop test, functional performance, neuromuscular control

ÖZ

Amaç: Tek Bacak Sıçrama Testi (TBST), alt ekstremite performansını ve spora dönüş uygunluğunu değerlendirmek için yaygın olarak kul‐

lanılan fonksiyonel bir testtir. Alt ekstremite kuvveti ve denge, TBST performansına katkı sağlayan faktörler olarak bilinmektedir; ancak gövde

fonksiyonunun etkisi sınırlı şekilde incelenmiştir. Bu çalışmada, sağlıklı genç yetişkinlerde gövde kuvveti, dinamik denge ve TBST performansı

arasındaki ilişki araştırılmıştır.

Gereç ve Yöntem: Rekreasyonel olarak aktif yirmi dokuz katılımcıya (22.5±1.7 yaş; 16 kadın), izokinetik gövde fleksiyon ve ekstansiyon kuvveti

testi, Y-Denge Testi ile dinamik denge değerlendirmesi ve TBST testi uygulandı. TBST performansının yordayıcılarını belirlemek amacıyla

Pearson korelasyonları ve çoklu doğrusal regresyon analizi kullanıldı.

Bulgular: TBST performansı, gövde ekstansiyon kuvveti (r=0.60, p=0.001), gövde fleksiyon kuvveti (r=0.42, p=0.024), posteromedial denge

(r=0.47, p=0.002) ve posterolateral denge (r=0.54, p=0.002) ile anlamlı şekilde ilişkili bulundu. Regresyon modelinde, gövde ekstansiyon
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kuvveti (β=0.504, p=0.001) ve posterolateral denge (β=0.439, p=0.003) anlamlı yordayıcılar olarak öne çıktı ve TBST performansındaki varyan‐

sın %54'ünü açıkladı (R²=0.54, p<0.001).

Sonuç: Gövde ekstansiyon kuvveti ve posterolateral dinamik denge, sağlıklı bireylerde TBST performansının önemli belirleyicileridir. Bu bul‐

gular, dinamik fonksiyonel görevlerde gövde fonksiyonu ve çok yönlü dengenin önemini vurgulamakta olup, performans geliştirme ve sakat-

lanma önleme odaklı antrenman ve rehabilitasyon stratejilerine rehberlik edebilir.

Anahtar Sözcükler: Gövde kuvveti, dinamik denge, tek bacak sıçrama testi, fonksiyonel performans, nöromüsküler kontrol

INTRODUCTION

Single-legged hop for distance (SLHD) test is one of the

most commonly used tests to assess lower limb power,

function and neuromuscular control [1]. The SLHD in‐

volves standing on one leg and jumping forward aiming

for maximal distance. The participant should land on

the same leg without losing balance. The distance is

then measured to have an understanding of the lower

limb function. The SLHD is simple and clinically applica‐

ble, with a high between-assessor and between-day reli‐

ability [1]. The test can be used to assess functional per‐

formance, lower limb asymmetries, evaluate rehabilita‐

tion progress, return-to-sport readiness following differ‐

ent types of injuries, and predict potential risks associ‐

ated with lower limb injuries [2-4]. Considering its cost-

effectiveness and clinical importance, the SLHD is com‐

monly used in clinical settings.

Lower limb strength and balance are primary contribu‐

tors to SLHD performance [4-6]. Quadriceps strength

and rate of torque development may predict up to 25%

of variance in hop distance following anterior cruciate

ligament reconstruction (ACLR) [4]. However, the role of

other key muscle groups-particularly those involved in

stability and force transmission, is often overlooked.

Trunk strength and stability may play a critical role in

SLHD performance, as the test requires efficient transfer

of force generated by the lower extremity through a sta‐

ble trunk to the ground and back. The trunk significant‐

ly influences lower limb energetics and biomechanics

[7-9], and deficits in trunk neuromuscular control have

been associated with an increased risk of knee injury

[10]. Furthermore, it was reported that a trunk position

may influence on decreasing stiffness in the knee and

hip joints, and therefore might be a strategy for achiev‐

ing a softer landing pattern [9]. Given its impact on low‐

er limb function, the trunk's contribution to SLHD per‐

formance may be as important as that of the lower limb

musculature.

Landing stability is another critical component of SLHD

performance. Beyond serving as a criterion for success‐

ful execution, postural stability and dynamic balance

are significantly correlated with hop distance [6, 11].

SLHD requires not only the ability to generate sufficient

force for take-off but also the neuromuscular control

necessary for a stable landing on one leg. Deficits in dy‐

namic balance can lead to instability upon landing,

thereby reducing hop distance and overall performance.

Better dynamic balance contributes to improved land‐

ing control and longer hop distances, enhancing SLHD

results [6, 11].

Understanding the role of trunk strength and dynamic

balance on SLHD performance may offer valuable in‐

sights for rehabilitation and performance enhancement

strategies. Therefore, the aim of this study was to exam‐

ine the contribution of trunk isokinetic flexion and ex‐

tension strength, as well as dynamic balance, to SLHD

performance.

MATERIAL AND METHODS

Study design

This cross-sectional study was conducted on healthy in‐

dividuals, with all measurements obtained during a sin‐

gle testing session between April 2025 and May 2025.

Participants

Individuals aged between 18 and 65 years, correspond‐

ing to the accepted adult age range, were eligible for in‐

clusion in the study. Participants were excluded if they

had a prior history of lower extremity or spinal surgery,
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or any neurological or orthopedic condition that could

potentially affect balance or functional performance.

Demographic characteristics of all participants were ob‐

tained through a standardized demographic informa‐

tion form. The form included questions regarding age,

sex, height, mass, dominant side, lower limb length on

the dominant side, and the Tegner Activity Scale. The

Tegner Activity Scale is a scoring system that rates indi-

viduals' physical activity levels on a scale from 0 to 10. A

score of 0 indicates complete inactivity due to injury or

dysfunction, or being on medical leave, while a score of

10 reflects participation in high-level competitive sports

at the national or elite level [12, 13].

The procedures followed were in accordance with the

ethical standards of human experimentation outlined in

the 1964 Declaration of Helsinki and its subsequent revi‐

sions. The study was approved by the relevant institu‐

tional ethics committee. All participants were fully in‐

formed about the study, and written informed consent

was obtained from each participant prior to their

inclusion.

Testing procedures

The SLHD was used to assess lower extremity strength

and balance. Dynamic balance was measured using the

Y-Balance Test, and trunk muscle strength was mea‐

sured with a computerized isokinetic dynamometer.

The testing order was randomized for each participant.

Participants were given at least 2-minutes of rest be‐

tween the tests [14].

Y-Balance Test

The Y-Balance Test (YBT) was used to assess dynamic

balance. This test has demonstrated excellent inter-rater

reliability across all three directions-anterior (ICC= 0.99;

95%CI: 0.99- 1.0), posteromedial (ICC= 1.0; 95%CI: 1.0),

and posterolateral (ICC= 1.0; 95%CI: 0.99- 1.0) as well as

for the composite score (ICC= 1.0; 95%CI: 1.0) [15].

The YBT was administered in accordance with the proto‐

col previously described [16, 17]. The primary aim of the

test is to evaluate dynamic balance by requiring the par‐

ticipant to maintain single-leg stance stability while

reaching as far as possible with the contralateral leg in

three directions: anterior, posteromedial, and postero‐

lateral. Prior to testing, participants received verbal in‐

structions and a visual demonstration of the test. They

were allowed two practice trials with corrective feed‐

back to ensure proper performance [18]. Testing com‐

menced with the participant's dominant lower limb.

Participants were instructed to reach as far as possible

in the anterior direction first, followed by the postero‐

medial and posterolateral directions, tapping their foot

lightly on the ground at the furthest reach point.

Approximately one minute of rest was provided be‐

tween trials.

Anterior, posteromedial, and posterolateral reaches

were performed with the non-dominant leg, while

standing on the dominant side. The order of the direc‐

tions was randomized for each participant. The starting

position involved aligning the dominant foot on the

stance plate with the toes positioned at the red line,

while the contralateral foot lightly touched the ground

just behind the plate. The free leg was extended in the

target direction, pushing the reach indicator as far as

possible while maintaining balance. The free leg was

then returned to the starting position in a controlled

manner. Participants were prohibited from using the

free foot to touch the ground for support, resting on the

reach indicator, or pushing the indicator to gain

leverage.

All measurements were recorded from the red line on

the stance plate to the nearest 0.5 cm, as read directly

from the testing device. Each reach direction was re‐

peated three times, and the average distance was calcu‐

lated to represent the reach distance. The results were

normalized relative to the participant's leg length to

compute a composite reach distance. Lower limb length

was measured in the supine position from the anterior

superior iliac spine (ASIS) to the most distal point of the

medial malleolus using a tape measure(Hoechstmass

Balzer, Sulzbach, Germany).

Single Leg Hop Test

Each participant was asked to stand on one leg, placing

their heel on a predetermined mark. They were then in‐

structed to jump forward as far as possible and land on
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the same leg in a controlled manner [1]. All measure‐

ments were performed using the dominant leg.

Participants' dominant side was identified by asking

which leg they preferred to use for kicking a ball. Prior

to the jump, participants were allowed to swing their

arms freely and use a countermovement of their choice.

During landing, while the researcher marked the point

of heel contact, participants were instructed to maintain

foot contact with the ground. The horizontal distance

between the initial heel position and the landing heel

mark was measured in centimeters using a standard

tape measure (Hoechstmass Balzer, Sulzbach,

Germany). The test was repeated if the participant was

unable to maintain balance on the landing leg for at

least 2 seconds. Participants were given three practice

attempts, followed by three recorded valid jumps. A 30-

second rest interval was provided between each jump.

For data analysis, the average distance of the three valid

jumps was used. The results were normalized relative to

the participant's leg length. Lower limb length was mea‐

sured in the supine position from the ASIS to the most

distal point of the medial malleolus using a tape mea‐

sure (Hoechstmass Balzer, Sulzbach, Germany).

Isokinetic Testing Procedure

Trunk strength was measured with an isokinetic dy‐

namometer which provides valid and reliable

results[19]. Participants were positioned in a standing

posture on the TEF modular component of the Cybex

NORM isokinetic dynamometer. The axis of rotation was

aligned with the intersection of the midaxillary line and

the lumbosacral junction, approximately 3.5 cm below

the iliac crest. Heel placement was secured in footplate

cups, and footplate height was adjusted to align the

subject's vertical axis with the dynamometer's axis us‐

ing a rubber alignment pointer.

The pelvis was loosely strapped at the anterior superior

iliac spines, and popliteal, thigh, and tibial pads were

adjusted to stabilize the lower limbs in ~15° knee flex‐

ion. Subjects were positioned against the sacral pad,

with fore-aft alignment fine-tuned to match the rota‐

tional axis. Scapular and chest pads were then secured

to ensure upper body stabilization. Proper alignment

was confirmed through active range-of-motion checks,

after which positional measurements (e.g., footplate

height, pad positions) were recorded in the Cybex

software.

The anatomical zero position (upright standing) was de‐

fined as the reference for trunk range of motion, preset

to 90° (90° flexion to 0° extension), with mechanical

stops in place.

Each participant completed six submaximal continuous

concentric trunk flexion and extension contractions at

60°/sec as a warm-up. The warm-up set was followed by

two minutes of rest. Following, six repetitions at maxi‐

mal effort was performed at 60°/sec. Participants re‐

ceived visual feedback and verbal encouragement

throughout testing. The highest peak torque recorded

across the six repetitions was used for analysis.

Statistical analysis

The assumption of normality was tested using the

Shapiro-Wilk test. Pearson correlation analysis was used

to examine the associations between variables.

Parameters affecting SLHD was identified through linear

regression analysis. The dependent variable of the study

is the SLHD while the independent variables are trunk

flexion and extension muscle strength and YBT results.

All statistical analyses were conducted using IBM SPSS

Statistics for Windows, Version 29.0 (Armonk, NY: IBM

Corp.; 2016).

Based on the correlation coefficient of 0.43 reported by

Granacher et al. for the correlation between balance

and trunk muscle strength, the required sample size

was calculated as 29 participants, assuming a statistical

power of 0.80 and a significance level of 0.05 [20]. In ad‐

dition, a supplementary power analysis was conducted

for the regression analysis to ensure adequacy of the

sample. Using prior data from Shahtahmassebi et al.,

who reported an R2=0.508 for the association between

trunk muscle strength and functional performance, the

required sample size was calculated in G*Power 3.1 as

18 participants for two predictors (one strength and one

balance variable) (α = 0.05, power = 0.80)[21].
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RESULTS

A total of 29 participants (age: 22.48±1.70 years, 16 fe‐

males, height: 169.0±8.93 cm, mass: 69.34±18.88 kg,

BMI: 23.93±4.48 kg/m2) were included in the study. The

mean Tegner score was 4.55±1.09 for physical activity

level. Descriptive statistics for isokinetic trunk strength,

dynamic balance, and single-legged hop distance were

presented in Table 1.

Table 1. Test results for the measurements

Measurements (n= 29) Mean (SD)

Isokinetic trunk flexion (Nm/kg) 0.95 (0.16)

Isokinetic trunk extension (Nm/kg) 3.23 (0.99)

Anterior Balance (cm/leg length) 0.72 (0.10)

Posteromedial Balance (cm/leg length) 1.02 (0.15)

Posterolateral Balance (cm/leg length) 0.95 (0.16)

Single - legged hop distance (cm/leg length) 1.07 (0.22)

SD: standard deviation; Nm: Newtonmeter; kg: kilogram; cm: centimeter

The analysis revealed that SLHD was significantly asso‐

ciated with isokinetic trunk extension strength (r= 0.60,

p= 0.001) and trunk flexion strength (r= 0.42, p= 0.024).

Among dynamic balance measures, significant positive

correlations were observed with posteromedial balance

(r= 0.47, p= 0.002) and posterolateral balance (r=0.54,

p=0.002). There was no correlation (r= 0.26, p= 0.17) be‐

tween anterior balance and SLHD.

Linear regression results were provided in Table 2. A lin‐

ear regression model was constructed to identify the

best predictors of SLHD. Trunk extension strength (β=

0.504, p= 0.001) and posterolateral balance performance

(β= 0.439, p= 0.003) emerged as significant predictors in

the final model, which explained 54% of the variance in

hop performance (R² = 0.54, p< 0.001).

DISCUSSION

This study examined the relationship between trunk

strength, dynamic balance, and SLHD, a widely used

functional performance test in rehabilitation and return-

to-sport decision-making. The findings demonstrate

that trunk extension strength and posterolateral dynam‐

ic balance are significant predictors of SLHD perfor‐

mance, together explaining more than half of its vari‐

ance. These results highlight the critical role of proximal

stability and multiplanar postural control in the func‐

tional performance of the lower limbs.

Table 2. Linear regression results (dependent variable:

Single-legged for hop distance)

Variables Coef 95% CI β coef P value

Isokinetic trunk extension

(Nm/kg)
0.111

0.049 -

0.172
0.504 0.001

Posterolateral Balance

(cm/leg length)
0.602

0.219 -

0.986
0.439 0.003

Constant value = 0.137, SLHD calculation = 0.137 + (0.111 Isokinetic

Trunk Extension) (0.602Posterolateral Balance), coef: coefficient values;

β coef: standardized coefficients; CI: confidence interval.

Trunk extension strength emerged as the most influen‐

tial predictor of SLHD. This finding supports previous lit‐

erature emphasizing the importance of the core, partic‐

ularly the posterior musculature, in facilitating force

transmission and dynamic postural control during sin‐

gle-limb tasks [22, 23]. Efficient trunk extension enables

optimal alignment and energy transfer during both the

propulsive and landing phases of hopping. It may also

contribute to injury risk reduction by stabilizing the

trunk and pelvis and preventing excessive trunk motion,

which has been associated with increased knee joint

loading and anterior cruciate ligament injury risk [23,

24]. These biomechanical mechanisms may explain the

strong association between trunk extensor strength and

SLHD in our participants.

Posterolateral balance also significantly contributed to

SLHD performance, highlighting the importance of mul‐

tiplanar neuromuscular control. The YBT, especially the

posterolateral component, challenges frontal and trans‐

verse plane stability and requires integrated control

from the trunk, pelvis, and lower limbs [25]. Prior stud‐

ies have shown that deficits in dynamic balance are as‐

sociated with reduced functional performance and in‐

creased injury risk [26, 27]. The observed relationship

suggests that individuals with better control in the pos‐

terolateral direction may be more capable of managing

the dynamic demands of single-legged propulsion and
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landing, which are essential components of the SLHD

task.

While trunk flexion strength was moderately correlated

with SLHD, it did not remain significant in the regression

model. Trunk flexion may influence landing posture by

encouraging a more flexed trunk position, which has

been shown to reduce lower extremity stiffness and

knee joint loads[9, 28]. However, this strategy may not

directly enhance propulsion during the hop, which

could explain why trunk extension strength was a more

salient predictor. It is possible that trunk flexion

strength supports injury prevention more than perfor‐

mance, while extension strength directly contributes to

movement efficiency and power.

A strength of this study is its multidimensional assess‐

ment approach, incorporating both proximal (trunk)

and distal (balance) factors to explain functional perfor‐

mance. Moreover, the use of normalized values en‐

hances comparability across individuals. Nonetheless,

several limitations should be considered. The cross-sec‐

tional design limits causal inference, and the modest

sample size may reduce generalizability, especially to

different populations such as elite athletes or clinical

groups. Additionally, our sample consisted of healthy,

young, recreationally active individuals, which may not

reflect the characteristics of patients undergoing reha‐

bilitation or return-to-sport testing. Future studies

should explore longitudinal effects of trunk and balance

training on SLHD and other functional performance

measures.

CONCLUSION

Our findings underscore the importance of trunk exten‐

sion strength and posterolateral balance in SLHD perfor‐

mance. These results suggest that clinicians and practi‐

tioners should integrate trunk strengthening and multi‐

directional balance exercises into rehabilitation and

conditioning programs. Enhancing proximal stability

and dynamic postural control may not only improve

performance but also contribute to safer and more effi‐

cient return-to-sport pathways.
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