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 Abstract: This study investigated the impact of proprioceptive-strengthening exercise on 
neurotrophic biomarkers and dynamic balance in adolescent speed skaters, addressing the 
need for evidence-based training strategies to enhance neuromuscular adaptation. A 
randomized pretest–posttest control group design was applied to 30 athletes aged 11–15 
years, divided equally into intervention and control groups. The intervention group 
performed proprioceptive-strengthening exercises three times per week for eight weeks, 
whereas the control group continued routine training. Blood samples were analyzed for irisin 
and brain-derived neurotrophic factor (BDNF), and dynamic balance was assessed using 
single-leg squat (SLS) and overhead squat (OHS) tests. The intervention group showed a 
significant increase in irisin compared to controls (Δ = 157.93 ng/mL vs. 56.42 ng/mL, p < 0.05). 
BDNF increased numerically (Δ = 179.73 pg/mL) but did not reach statistical significance (p = 
0.107). Dynamic balance outcomes revealed selective improvements, particularly in trunk 
control during SLS and OHS. Correlation analysis indicated a moderate, significant 
association between irisin and dynamic balance in SLS (r = 0.508, p = 0.004), whereas BDNF 
did not correlate with balance measures. Proprioceptive-strengthening exercise effectively 
enhanced irisin and dynamic balance, irisin as a potential biomarker for neuromuscular 
adaptation in speed skaters. 

 
Keywords: Irisin, Brain-Derived Neurotrophic Factor (BDNF), Proprioceptive exercise, 
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1. Introduction  

Maintaining dynamic balance and neuromuscular stability is essential for ath-
letes in sports requiring rapid directional changes, such as speed skating. Instability 
of the ankle joint and insufficient neuromuscular control are recognized risk factors 
for performance decline and injury in adolescent athletes [1,2]. Exercise interventions 
that integrate proprioceptive stimulation and muscle strengthening have been pro-
posed as effective strategies to enhance postural control, reduce injury risk, and im-
prove athletic performance [3]. 
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Recently, attention has shifted toward the role of myokines and neurotrophic 
factors as biomarkers of exercise-induced adaptation [4,5]. Irisin, a myokine cleaved 
from FNDC5, has been shown to increase following physical activity and is impli-
cated in metabolic regulation, neuromuscular adaptation, and motor performance 
[6]. Similarly, brain-derived neurotrophic factor (BDNF) is a key mediator of neuro-
plasticity, synaptic function, and motor learning, with exercise reported to elevate 
circulating levels [7-9]. However, findings remain controversial: while some studies 
demonstrate significant increases in BDNF after neuromuscular or balance training 
[10], others report inconsistent or non-significant changes, particularly when exercise 
intensity or duration is moderate [11,12]. 

Proprioceptive exercise improves balance in youth skaters [2,13], yet the rela-
tionship between exercise-induced biomarker changes and functional outcomes re-
mains poorly understood. Specifically, whether increases in irisin and BDNF corre-
late with improvements in dynamic balance is still debated. Diverging hypotheses 
that irisin may be more directly linked to neuromuscular adaptation, while BDNF 
responses may require higher-intensity or longer-duration training to manifest [6,14]. 

The present study evaluted the impact of an eight-week proprioceptive-
strengthening exercise program on irisin, BDNF, and dynamic balance in adolescent 
speed skaters. Furthermore, it examined correlations between biomarker changes 
and balance performance. The principal findings indicate that irisin increased signif-
icantly and correlated with dynamic balance improvements, whereas BDNF showed 
non-significant changes and no correlation. These results highlight irisin as a poten-
tial biomarker of neuromuscular adaptation in speed skaters and suggest that BDNF 
may require different exercise stimuli to exert measurable effects. 

 

 2. Materials and Methods 

2.1 Study design  

This study was designed as a randomized controlled trial using a pretest–posttest 
control group framework. The trial was registered in the Indonesia Clinical Research 
Registry (INA-CRR) under the identifier INA-4832FDB (registration date: January 13, 
2026). Ethical approval was obtained from the Faculty of Medicine, Universitas Air-
langga (No. 145/EC/KEPK/FKUA/2024). Written informed consent was obtained 
from all participants and their parents before enrollment. The study was conducted 
in accordance with the Declaration of Helsinki and reported following the CONSORT 
guidelines [16]. 

2.2 Participants  

Thirty adolescent speed skaters (aged 11–15 years; 15 males, 15 females) from local 
clubs in Sidoarjo, Indonesia, were recruited using simple random sampling. Inclusion 
criteria were: active club membership, age 11–15 years, ability to communicate and 
follow instructions, and parental consent. Exclusion criteria included: current partic-
ipation in other rehabilitation programs, musculoskeletal injury or medical condition 
preventing training, or withdrawal of consent. Participants who missed ≥3 sessions 
or sustained injury during the program were considered dropouts. 

Randomization and blinding Participants were randomly allocated (1:1) into inter-
vention and control groups using a computer-generated random number sequence. 
Allocation was concealed using sequentially numbered, opaque envelopes prepared 
by an independent researcher. Due to the nature of the intervention, participants and 
trainers were not blinded. However, outcome assessors and data analysts were 
blinded to group allocation [16,17]. 
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Sample size calculation Sample size was calculated using the formula for comparing 
two independent means with continuous data [18]. Assumptions included: standard 
deviation (σ) = 4.32, α = 0.05 (Zα/2 = 1.96), power = 80% (Zβ = 0.84), and expected 
mean difference = 5. The required sample size was 12 per group. To account for po-
tential dropout (20%), 15 participants were recruited per group, yielding a total sam-
ple of 30. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. CONSORT 2025 flow diagram of participant recruitment, randomization, inter-

vention allocation, follow-up, and analysis. 

Intervention The intervention group received an eight-week proprioceptive–
strengthening program, three sessions per week, each lasting approximately 60 
minutes. Exercises included static, dynamic, and plyometric proprioceptive drills 
combined with strengthening exercises (squats, lunges, calf raises and interval 
sprints). Training by physiotherapists and sport science researchers. 

Comparator The control group continued routine club training, consisting of basic 
skating drills, endurance running, stretching, and sprint practice, three sessions per 
week (~60 minutes/session). No structured neuromuscular intervention was pro-
vided. 

 

 

Assessed for eligibility (n=36 ) 

Excluded (n=6 ) 
Not meeting inclusion criteria (n=4 ) 
Declined to participate (n= 2) 
Other reasons (n= 0) 

Allocated to intervention (n=15 ) 
Received allocated intervention (n=15 ) 
Did not receive allocated intervention 
(give reasons) (n=0 ) 

Randomized (n=30 ) 

Analysed for primary outcome (n= 15) 
Excluded from analysis (give reasons) (n= 15) 

Discontinued intervention (give reasons) (n=0 ) 
Lost to follow-up for primary outcome (give 
reasons) (n=0 ): 

Discontinued intervention (give reasons) (n= 0) 
Lost to follow-up for primary outcome (give 
reasons) (n= 0): 

Allocated to intervention (n=15 ) 
Received allocated intervention (n= 15) 
Did not receive allocated intervention 
(give reasons) (n=0 ) 

Analyzed for primary outcome (n=15 ) 
Excluded from analysis (give reasons) (n=15 ) 

Analysis 

Enrolment 

Allocation 

Follow-Up 
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2.3 Outcome measures 

Primary outcomes: Serum irisin (ng/mL) measured using ELISA (Elabscience® Hu-
man Irisin ELISA Kit) and serum BDNF (pg/mL) measured using ELISA (BT LAB 
Human BDNF ELISA Kit). Secondary outcomes: Dynamic balance was assessed sin-
gle-leg and overhead squat tests (Humantrak Vald). Measurements were taken at 
baseline (pre-intervention) and after eight weeks (post-intervention). 

2.4 Data analyses  

Data were analyzed using SPSS version 22.0 (IBM Corp., Armonk, NY, USA). Nor-
mality was tested using Shapiro–Wilk. Within-group comparisons were performed 
using paired t-tests or Wilcoxon signed rank tests. Between-group differences were 
analysed using independent t-tests or one-way ANOVA. Pearson or Spearman cor-
relation analyses were conducted to examine associations between biomarker 
changes and dynamic balance outcomes. Statistical significance was set at p < 0.05. 
Missing data by listwise deletion. 

3. Results 

Participant Characteristics 

A total of 30 adolescent speed skaters successfully completed the trial, with equal 
allocation to the intervention group (n = 15) and the control group (n = 15). No par-
ticipants dropped out during the study period. Baseline demographic and anthropo-
metric variables—including age, sex, body mass index (BMI), leg length, and dura-
tion of club participation—were comparable between groups. Statistical testing con-
firmed that there were no significant differences across all measured parameters (p > 
0.05), indicating homogeneity at baseline. 

Table 1. Baseline profile of adolescent speed skaters in the intervention and control 
groups 

 

 

 

 

 

 

 

 

 

 

 

 

 
Noted. Values are expressed as mean ± standard deviation for continuous variables and n (%) for categorical 
variables. Independent t-tests were applied to continuous data, whereas chi-square tests were used for categorical 
comparisons. A p-value > 0.05 indicates no significant difference between groups. 

 

Variable Intervention (n = 15) Control (n = 15) p-value 

Age (years, mean ± SD) 13.2 ± 1.2 13.4 ± 1.3 0.721 

Age distribution 

11 y: 2 (13.3%) 
12 y: 3 (20%) 
13 y: 4 (26.7%) 
14 y: 4 (26.7%) 
15 y: 2 (13.3%) 

11 y: 1 (6.7%) 
12 y: 3 (20%) 
13 y: 5 (33.3%) 
14 y: 4 (26.7%) 
15 y: 2 (13.3%) 

– 

Sex 
Male: 9 (60%) 
Female: 6 (40%) 

Male: 8 (53.3%) 
Female: 7 (46.7%) 0.688 

BMI (kg/m²) 19.1 ± 2.4 18.9 ± 2.3 0.812 

Right leg length (cm) 85.5 ± 2.1 85.8 ± 2.3 0.693 

Left leg length (cm) 85.3 ± 2.2 85.6 ± 2.4 0.711 

Club participation (years) 3.5 ± 1.1 3.3 ± 1.0 0.532 
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Table 2a. Serum Irisin Levels Before and After Proprioceptive Strengthening Training 

Group n 
Pre (Mean ± SD, 

min–max) 

Post (Mean ± SD, 

min–max) 
Δ Change 

Within-

group p 

Between-

group p 

Interven-

tion 
15 

172.26 ± 156.99 

(24.41–635.65) 

330.19 ± 194.72 

(56.51–733.29) 
+157.93 0.003  

Control 15 
65.17 ± 58.81 (10.61–

224.58) 

121.59 ± 113.22 

(27.84–373.12) 
+56.42 0.022  

Noted. Values are expressed as mean ± standard deviation with ranges in parentheses. Δ Change represents post-inter-
vention minus pre-intervention values. Paired t-tests or Wilcoxon signed-rank tests were applied for within-group com-
parisons, and, independent t-tests for between-group differences. Statistical significance was set at p < 0.05. 

 

Table 2b. Serum BDNF Levels Before and After Proprioceptive Strengthening Training 

Group n 
Pre (Mean ± SD, 

min–max) 

Post (Mean ± SD, 

min–max) 
Δ Change 

Within-

group p 

Between-

group p 

Intervention 15 
368.35 ± 304.66 

(101.60–959.30) 

548.08 ± 174.69 

(149.40–780.00) 
+179.73 0.107 0.110 

Control 15 
451.92 ± 321.75 

(103.20–896.20) 

458.94 ± 158.72 

(132.20–672.30) 
+7.02 0.938  

Noted. Values are expressed as mean ± standard deviation with ranges in parentheses. Δ Change represents post-inter-
vention minus pre-intervention values. Paired t-tests or Wilcoxon signed-rank tests were applied for within-group com-
parisons, and independent t-tests for between-group differences. Statistical significance was set at p < 0.05. 

 
Figure 2. Irisin and BDNF Responses and Associations with Dynamic Balance Following Proprio-

ceptive Strengthening Exercise 

Table 3a. Single-leg squat assessment: Dynamic balance outcomes (left leg) 

Variable (°) Group n 
Pre (Mean ± SD, min–
max) 

Post (Mean ± SD, 
min–max) 

Δ Change p-value 

Peak knee flexion Intervention 15 76.7 ± 12.9 (47.3–94.7) 83.5 ± 11.2 (64.2–104.2) +6.8 0.076 
 Control 15 57.3 ± 6.6 (46.3–68.3) 70.4 ± 10.9 (51.3–83.4) +13.1  

Knee displacement (total) Intervention 15 14.0 ± 10.3 (4.2–42.7) 11.5 ± 5.3 (6.7–24.5) −2.5 0.350 

Peak knee valgus Intervention 15 7.3 ± 5.2 (0.6–16.9) 5.1 ± 4.7 (0.1–14.3) −2.5 0.336 

Peak knee varus Intervention 15 3.5 ± 5.3 (0.0–19.4) 9.5 ± 4.5 (0.0–15.0) −4.0 0.180 

Trunk lateral flexion Intervention 15 2.7 ± 1.8 (0.5–5.9) 4.1 ± 1.5 (2.2–6.4) −1.6 0.028 
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Table 3a. Single-leg squat assessment: Dynamic balance outcomes (right leg) 

Variable (°) Group  n Pre (Mean ± SD, min–
max) 

Post (Mean ± SD, min–
max) 

Δ Change p-value 

Peak knee flexion Intervention  15 80.4 ± 9.4 (66.4–95.4) 80.4 ± 9.6 (67.1–96.3) +0.0 0.994 
 Control  15 92.5 ± 21.1 (58.9–133.7) 103.9 ± 13.9 (78.1–127.6) +11.4 0.043 

Knee displacement 
(total) 

Intervention  15 11.8 ± 7.7 (6.3–32.5) 10.2 ± 3.3 (5.4–16.3) −1.3 0.485 

Peak knee valgus Intervention  15 3.6 ± 5.2 (0.1–19.4) 4.5 ± 3.8 (0.3–13.6) +0.9 0.625 

Peak knee varus Intervention  15 8.8 ± 4.7 (1.4–21.7) 8.7 ± 4.2 (1.8–15.7) −0.1 0.942 

Trunk lateral flexion Intervention  15 2.7 ± 1.8 (0.5–5.9) 1.5 ± 1.1 (0.9–10.1) +0.2 0.597 

 
 
 

Table 4. Overhead squat assessment (lower body dynamic performance, degrees) 

Variable Group n Pre (Mean ± SD, min–max) Post (Mean ± SD, min–max) Δ Change p-value 

Peak Knee Flexion–Left Intervention 15 94.18 ± 18.29 (60.40–121.20) 100.18 ± 18.49 (49.50–125.90) +6.00 0.315 
 Control 15 93.00 ± 13.37 (60.20–112.40) 92.98 ± 13.31 (60.20–112.40) −0.02 0.921 

Between-group p-value      0.195 

Peak Knee Flexion–Right Intervention 15 96.58 ± 15.69 (63.50–120.30) 110.11 ± 9.15 (98.20–127.60) +13.58 0.001 
 Control 15 96.00 ± 14.81 (96.00–117.20) 95.86 ± 14.84 (65.00–117.80) −0.14 0.451 

Between-group p-value      0.000 

Trunk Flexion Intervention 15 8.95 ± 4.78 (2.60–19.67) 11.52 ± 4.46 (4.71–20.13) +2.57 0.000 
 Control 15 8.83 ± 3.69 (2.10–17.60) 8.62 ± 3.69 (2.30–18.10) −0.21 0.267 

Between-group p-value      0.010 

Trunk Lateral Flexion Intervention 15 1.44 ± 0.86 (0.30–3.50) 1.67 ± 1.16 (0.10–4.80) +0.23 0.452 
 Control 15 5.09 ± 2.04 (1.50–10.10) 2.66 ± 1.81 (0.50–5.90) −2.43 0.000 

Between-group p-value      0.073 

Notes: Values are presented as mean ± standard deviation with ranges in parentheses. Δ Change = post-intervention minus 
pre-intervention values. p-values were calculated using: a. Paired t-test for normally distributed data (α = 0.05) b. Wilcoxon 
signed-rank test for non-parametric data c. One-way ANOVA for between-group comparisons. p < 0.05 indicates statistical 
significance. 

 
Table 5. Correlation between irisin levels and dynamic balance (single-leg squat and 
overhead squat) 

Variable Irisin Dynamic Balance–Sin-
gle-Leg Squat (SLS) 

Dynamic Balance – Overhead 
Squat (OHS) 

Irisin 

Pearson correla-
tion = 1 
Sig. (2-tailed) = – 
N = 30 

r = 0.508** 
p = 0.004 
N = 30 

r = 0.068 
p = 0.721 
N = 30 

Dynamic Balance 
– SLS 

r = 0.508** 
p = 0.004 
N = 30 

Pearson correlation = 1 
Sig. (2-tailed) = – 
N = 30 

r = 0.508** 
p = 0.004 
N = 30 

Dynamic Balance 
– OHS 

r = 0.068 
p = 0.721 
N = 30 

r = 0.068 
p = 0.721 
N = 30 

Pearson correlation = 1 
Sig. (2-tailed) = – 
N = 30 

Notes: Correlations were calculated using Pearson’s test (r) with significance level set at p < 0.05. A significant 
positive correlation was observed between Irisin levels and dynamic balance in the Single-Leg Squat test (r = 
0.508, p = 0.004). No significant correlation was found between Irisin levels and dynamic balance in the Over-
head Squat test (r = 0.068, p = 0.721). 
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Table 6. Correlation Between Brain-Derived Neurotrophic Factor Levels and Dy-
namic Balance 

Variable BDNF 
Dynamic Balance – Single-
Leg Squat (SLS) 

Dynamic Balance – Over-
head Squat (OHS) 

BDNF 
Pearson correlation = 1 
Sig. (2-tailed) = – 
N = 30 

r = 0.128 
p = 0.502 
N = 30 

r = −0.194 
p = 0.304 
N = 30 

Dynamic Balance – 
SLS 

r = 0.128 
p = 0.502 
N = 30 

Pearson correlation = 1 
Sig. (2-tailed) = – 
N = 30 

r = 0.128 
p = 0.502 
N = 30 

Dynamic Balance – 
OHS 

r = −0.194 
p = 0.304 
N = 30 

r = 0.194 
p = 0.304 
N = 30 

Pearson correlation = 1 
Sig. (2-tailed) = – 
N = 30 

Notes: Correlations were calculated using Pearson’s test (r) with significance level set at p < 0.05. No sig-
nificant associations were found between BDNF levels and dynamic balance, either in the Single-Leg Squat 
(p = 0.502) or Overhead Squat (p = 0.304) assessments. 

 

4. Discussion 

This randomized controlled trial examined the effects of an eight-week propriocep-
tive–strengthening program on serum irisin, brain-derived neurotrophic factor 
(BDNF), and dynamic balance performance in adolescent speed skaters. The princi-
pal findings indicate that irisin levels increased significantly in the intervention 
group, accompanied by improvements in dynamic balance, whereas BDNF changes 
were not statistically significant. These results provide novel evidence that irisin may 
serve as a biomarker of neuromuscular adaptation, whereas BDNF responsiveness 
appears less consistent under moderate-intensity proprioceptive training. 

Irisin response and functional outcomes  

The significant elevation of irisin following training supports the hypothesis that this 
myokine is a mediator of exercise-induced neuromuscular adaptation. Irisin is 
known to be released during muscular contraction and has been linked to metabolic 
regulation, neuroplasticity, and motor performance [18-20]. Our correlation analysis 
revealed a positive association between irisin changes and dynamic balance in the 
Single-Leg Squat (SLS) test, that irisin may reflect functional improvements in pos-
tural control. These findings are consistent with previous reports that exercise-in-
duced irisin contributes to enhanced motor learning and neurotrophic signaling 
[15,21]. 

BDNF response and controversy  

In contrast, BDNF levels did not show significant changes after the intervention, nor 
did they correlate with dynamic balance outcomes. This finding reflects the ongoing 
debate in the literature [22,23]. Metaanalyses in adolescents have reported incon-
sistent effects of exercise on BDNF, with increases observed primarily under high-in-
tensity or prolonged aerobic protocols [24-26]. Our results suggest that moderate-in-
tensity proprioceptive–strengthening may not provide sufficient stimulus to elicit 
measurable BDNF changes, highlighting the need for further research on exercise 
dose–response relationships. 
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Dynamic balance performance (SLS vs. OHS)  

Functional assessments revealed distinct patterns between SLS and overhead squat 
(OHS). Improvements in knee flexion and trunk control were evident in the interven-
tion group, particularly in SLS, which is highly sensitive to neuromuscular adapta-
tions in the lower limb [27-30]. The significant correlation between irisin and SLS per-
formance underscores the relevance of this test as a marker of postural control im-
provements. In contrast, OHS did not show significant correlations with irisin or 
BDNF [31-34]. This may be explained by the complexity of OHS, which involves mul-
tijoint movements and requires shoulder mobility, trunk stability, and coordination 
beyond lower-limb control. Thus, OHS may be less sensitive to short-term biomarker 
changes, although it remains valuable as a screening tool for identifying compensa-
tory movement patterns and injury risk [35,36]. 

Integration with previous studies  

Our findings extend prior research on balance determinants in skating athletes. Arti 
et al. [14] demonstrated that age, BMI, and singleleg/tandem stand performance sig-
nificantly affect balance in inline skaters, while Widiarti et al. [15] reported correla-
tions between singleleg stand and tandem stand in roller skate athletes. By incorpo-
rating biomarkers such as irisin and BDNF, the present study advances this line of 
inquiry, showing that neuromuscular adaptations can be captured not only through 
functional tests but also at the molecular level. 

Implications and future directions  

Taken together, the results highlight irisin as a promising biomarker of neuromuscu-
lar adaptation, whereas BDNF responses remain equivocal in adolescent popula-
tions. From a practical perspective, integrating proprioceptive–strengthening drills 
into training routines may enhance dynamic balance and reduce injury risk in speed 
skaters. Future studies should explore: Longer intervention durations or higher-in-
tensity protocols to clarify BDNF responsiveness and Multi-modal biomarker panels 
(e.g., irisin, BDNF and IGF-1) to capture broader neuroplastic adaptations. 

5. Conclusions 

This study demonstrated that an eight-week proprioceptive strengthening program 
significantly increased serum irisin levels and improved dynamic balance perfor-
mance in adolescent speed skaters, whereas BDNF changes were not statistically sig-
nificant. The positive correlation between irisin and single-leg squat performance 
highlights irisin as a potential biomarker of neuromuscular adaptation. In contrast, 
the absence of significant associations with Overhead Squat and BDNF that these 
measures may be less sensitive to short-term proprioceptive training. Taken together, 
the findings emphasize the importance of integrating proprioceptive exercises into 
training routines to enhance functional stability and reduce injury risk. Future re-
search should explore longer interventions, higherintensity protocols, and multi-
modal biomarker panels to further clarify the mechanisms underlying exercise-in-
duced neuroplasticity. 

6. Patents 

No patents are associated with the work reported in this manuscript. 
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