
1 

Regular Article 1 

TITLE: Differences in Hip Flexion Angle at the Start of Nordic Hamstring Exercise on 2 

Hamstring Electromyographic Activity: A Cross-Sectional Study 3 

4 

Author names, surnames, and affiliations: 5 

Toshiaki Soga1,2, Shota Yamaguchi3, Takayuki Inami3, Taspol Keerasomboon4, Rami 6 

Mizuta5, and Norikazu Hirose5,* 7 

8 

1 Graduate School of Engineering and Science, Shibaura Institute of Technology, 307 9 

Fukasaku, Minuma-ku, Saitama-shi, Saitama 337-8570, Japan 10 

2 Research Fellow of Japan Society for the Promotion of Science, 5-3-1 Kojimachi, Chiyoda-11 

ku, Tokyo 102-0083, Japan 12 

3 Institute of Physical Education, Keio University, 4-1-1 Hiyoshi, Kohoku-ku, Yokohama-shi, 13 

Kanagawa 223-8521, Japan 14 

4 College of Sports Science and Technology, Mahidol University, 999 Phutthamonthon Sai 4 15 

Road, Salaya, Nakhon Pathom 73170, Thailand 16 

5 Faculty of Sport Sciences, Waseda University, 2-7-5 Higashifushimi, Nishitokyo-shi, Tokyo 17 

202-0021, Japan18 

19 

Accepted Manuscript



2 
 

Number of figures: 5 20 

 21 

Running title: HFA at Start of NHE effects on Hamstring Electromyographic Activity 22 

 23 

*Corresponding author: Norikazu Hirose 24 

Full mailing address: Faculty of Sport Sciences, Waseda University 3-4-1 Higashifushimi, 25 

Nishitokyo, Tokyo 202-0021, Japan  26 

Email address: toitsu_hirose@waseda.jp 27 

 28 

Abstract 29 

In this study, we aimed to investigate the effect of differences in hip flexion angle (HFA) at 30 

the start of Nordic hamstring exercise (NHE) on hamstring electromyographic (EMG) 31 

activity. Fifteen male volunteers performed three NHE variations implemented at the starting 32 

HFA (0° was considered the neutral position): -10° HFA (NHE-10), 10° HFA (NHE10), and 33 

30° HFA (NHE30). The primary outcomes were biceps femoris (BF) and semitendinosus 34 

(ST) EMG activities in NHE-10, NHE10, and NHE30. The HFA at the break-point angle 35 

(HFA-BPA) was significantly higher in the following order: NHE30, NHE10, and NHE-10 (P 36 

< .05). BF and ST EMG activities were significantly higher in the NHE-10 group than in the 37 

NHE30 group (P < .05). Performing NHE with the upper body in an upright position at the 38 
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start could enhance BF and ST EMG activities. 39 

Keywords: injury prevention, recurrence prevention, iOS app 40 
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要約 58 

本研究は、ノルディックハムストリングエクササイズ開始時の股関節屈曲角度の違59 

いがハムストリングの筋放電（EMG）活動に及ぼす影響を調査することを目的とし60 

た。15 名の男性がノルディックハムストリングエクササイズ（NHE）開始時の股関61 

節屈曲角度（0°を中立位置とみなす）を-10°（NHE-10）、10°（NHE10）、30°62 

（NHE30）に設定した 3 条件の NHE を実施した。主要測定項目は、NHE-10、63 

NHE10、NHE30 における大腿二頭筋（BF）および半腱様筋（ST）の EMG 活動であ64 

った。HFA-BPA は、NHE30、NHE10、NHE-10 の順に有意に高かった（P < .05）。大65 

腿二頭筋（BF）および半腱様筋（ST）の EMG 活動は、NHE-10 が NHE30 よりも有66 

意に高値を示した（P < .05）。本研究により、股関節屈曲角度を-10°で開始すること67 

で、NHE 中のハムストリングの EMG 活動を高められる可能性が示唆された。 68 

 69 

Introduction 70 

Hamstring injuries occur in several sports activities1). The incidence rate of hamstring injuries 71 

has reportedly doubled over the past 20 years, with over two-thirds of recurrences occurring 72 

after footballers’ return to play2). Returning to play may require a long recovery period 73 

ranging from 15 to 105 days3). In particular, recurrent injuries necessitate a longer recovery 74 

period to return to play than initial injuries4). Therefore, preventing not only the initial 75 

hamstring injury but also its recurrence is essential. 76 
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 77 

Hamstring injuries cause a decrease in the electromyographic (EMG) activities of the biceps 78 

femoris (BF) and semitendinosus (ST) during an eccentric knee flexion exercise5,6). A 79 

previous study reported a difference in BF EMG activity between healthy and injured legs 80 

during an eccentric knee flexion exercise performed at slow angular speeds (30˚/s)5). Thus, 81 

eccentric hamstring training that creates high hamstring EMG activity might help reduce 82 

recurrence of hamstring injuries by increasing hamstring EMG activity during an eccentric 83 

knee flexion exercise. However, there is no evidence that exercises enhancing EMG activity 84 

of BF and ST could be effective in preventing hamstring injury recurrence. 85 

 86 

The Nordic hamstring exercise (NHE) involves increased hamstring EMG activity7) as the 87 

upper body leans forward from a kneeling position8). The point at which the hamstring 88 

muscles can no longer resist the load caused by the forward lean of the upper body and begin 89 

to release tension is referred to as the break point, whereas the break-point angle (BPA) is 90 

defined as the knee flexion angle when the knee joint extension angular velocity exceeds 91 

30°/s9,10). Recently, the Nordic Angle app, an iOS application that can automatically measure 92 

not only the BPA but also the hip flexion angle (HFA) at the BPA (HFA-BPA), was 93 

developed9,10). The HFA is defined as 0° in the neutral position, and the angle increases as the 94 

upper body leans forward. However, the effect of differences in HFA at the start of NHE on 95 
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HFA-BPA and hamstring EMG activity remains unclear. 96 

 97 

Different starting hip positions might alter HFA-BPA11). Moreover, differences in HFA at the 98 

start of NHE might influence hamstring activity11,12). In the present study, we aimed to 99 

investigate the effects of different initial hip positions on HFA-BPA and their influence on 100 

hamstring activity and BPA. We hypothesized that more upright upper body at the start of 101 

NHE would result in greater hamstring EMG activity11). 102 

 103 

Methods 104 

Study Design 105 

In this single-visit cross-sectional study, the NHE was implemented at three different starting 106 

hip positions: (i) HFA of -10° (NHE-10), (ii) HFA of 10° (NHE10), and (iii) HFA of 30° 107 

(NHE30), with 0° being defined as the neutral position.  108 

 109 

Participants 110 

The required sample size was estimated using G*Power version 3.1.9.7 (Heinrich Heine 111 

University, Düsseldorf, Germany). The sample size was calculated a priori based on the 112 

parameters of one-way repeated-measures analysis of variance (ANOVA) (effect size, 0.4; 113 

alpha, 0.05; power, 0.8)13). The required sample size was determined to be 12. 114 
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 115 

Fifteen male volunteers (age, 24.8 ± 3.5 years; height, 172.5 ± 5.1 cm; body mass, 66.9 ± 5.7 116 

kg) participated in this study. All participants had prior experience with the NHE. Individuals 117 

with a history of hamstring or anterior cruciate ligament injuries were excluded. 118 

 119 

All procedures were conducted in accordance with the ethical principles embodied in the 120 

Declaration of Helsinki. The experimental protocol was approved by the Ethics Committee of 121 

Shibaura Institute of Technology (approval number: 25-030). Informed consent was obtained 122 

from all participants after explaining the purpose and procedures of the study. 123 

 124 

Procedures 125 

The participants initially performed a static hamstring stretch (standing hamstring stretch on 126 

one leg) with a 20-s hold on each leg. Subsequently, the participants performed maximum 127 

voluntary isometric knee flexion (MVIC) with the hip joint flexed at 0° and the knee joint 128 

flexed at 45° (0° was considered full extension). The participants carried out two warm-up 129 

trials of MVIC at 50–80% of maximum effort, followed by two MVIC trials at maximum 130 

effort. MVIC was gradually exerted to its maximum over the first 2 s and sustained for the 131 

next 2 s. The rest periods between warm-up trials and between MVIC trials were set to 1 and 132 

2 min, respectively. 133 
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 134 

After the MVIC trials, the participants randomly performed the NHE-10, NHE10, and 135 

NHE30. They assumed a kneeling position on a bench approximately 0.5 m high with their 136 

elbows bent and hands open in front of them. The HFA at the start of the NHE was defined 137 

using a manual goniometer (TTM-KO; SAKAI Medical Inc., Japan), with the reference line 138 

delineated by the acromion, greater trochanter, and lateral femoral condyle. The participants 139 

were instructed to slowly lean forward while maintaining the assigned HFA. They performed 140 

two warm-up trials of the NHE at 50–80% of maximum effort, followed by two NHE trials at 141 

maximum effort. The rest periods between warm-up trials and between trials were set to 1 142 

and 2 min, respectively. 143 

 144 

Kinematic Data  145 

An iPad camera (iPad 11; Apple Inc., USA) was set to 60 fps and positioned approximately 3 146 

m from the right side of a participant at a height of approximately 0.9 m. The examiner 147 

carefully adjusted the angle of the iPad camera so that the participant was centered in the 148 

frame. The BPA and HFA-BPA were calculated during NHE variations using the Nordic 149 

Angle app (Fig. 1)9,10). To calculate BPA and HFA-BPA, filtering and setting of the knee 150 

extension angular velocity for BPA were performed (Fig. 1 A). Filtering was applied to data 151 

on knee flexion and hip flexion angles using a moving average (Move Average) set to 10. 152 
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BPA was defined as the knee flexion angle when the knee extension angular velocity (Break 153 

Point Velocity) exceeded 3.5. HFA-BPA was defined as the hip flexion angle at BPA. The 154 

knee flexion angle and hip flexion angle were defined as anatomical angles, with a value of 155 

0° indicating an extended hip or knee. The average of two NHE trials was used for statistical 156 

analysis. 157 

 158 

EMG 159 

The surface EMG amplitude during MVIC was determined using wireless electrodes (TS-160 

MYO; Trunk Solution Inc., Japan). The length and width of the electrodes were 1 and 0.5 cm, 161 

respectively; the distance between them was 1 cm. The electrodes were placed on the 162 

dominant leg (i.e., the leg used to kick the ball). EMG placement for the BF was performed at 163 

the midpoint between the ischial tuberosity and the lateral condyle of the tibia, whereas EMG 164 

placement for the ST was performed at the midpoint between the ischial tuberosity and the 165 

medial epicondyle of the tibia14). The hair around the target muscle was shaved and cleaned 166 

with alcohol-moistened cotton. The sampling rate was 1000 Hz, and bandpass filtering was 167 

performed between 20 and 450 Hz. EMG amplitudes were expressed as root mean square 168 

(RMS) and calculated with a time width of 100 ms. The maximum RMS value was obtained 169 

during two MVICs to normalize each NHE trial. The average of NHE trials was used for 170 

statistical analysis.  171 
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 172 

Statistical Analysis 173 

Data are expressed as means ± standard deviations. Data normality was assessed using the 174 

Shapiro–Wilk test. The HFA-BPA and BF and ST EMG activities among the starting HFAs 175 

were compared using one-way repeated-measures ANOVA. The BPA among the starting 176 

HFAs was compared using Friedman’s test. Post hoc comparisons were conducted using the 177 

Bonferroni test. Partial η² values were classified according to the following effect size 178 

criteria: trivial, <0.01; small, 0.01–0.06; medium, 0.06–0.14; and large, >0.14. Cohen’s d was 179 

classified according to the following effect size criteria: trivial, <0.2; small, 0.2–0.5; medium, 180 

0.5–0.8; and large, >0.8. Intra-class correlation coefficients (ICCs) (1,1) were calculated to 181 

assess the reliability of the two trials. The magnitude of correlation was established according 182 

to the following criteria: r = 1, perfect correlation; 1 ≥ r ≥ 0.9, nearly perfect; 0.9 ≥ r ≥ 0.7, 183 

very large; 0.7 ≥ r ≥ 0.5, large; 0.5 ≥ r ≥ 0.3, moderate; 0.3 ≥ r ≥ 0.1, small; and 0.1 ≤ r, 184 

trivial. All statistical analyses were performed using SPSS version 29 (IBM Corp., Armonk, 185 

NY, USA), with statistical significance set at P < .05.  186 

 187 

Results 188 

EMG 189 

The results for BF EMG activity among the starting HFAs are shown in Fig. 2. One-way 190 
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repeated-measures ANOVA revealed a significant main effect (F = 9.0, P = .001, partial η² = 191 

0.39). The BF EMG activity in NHE-10 was significantly higher than that in NHE30 (P 192 

= .006, d = 0.71). 193 

 194 

The results for ST EMG activity among the starting HFAs are presented in Fig. 3. One-way 195 

repeated-measures ANOVA indicated a significant main effect (F = 6.8, P = .004, partial η² = 196 

0.33). The ST EMG activity in NHE-10 was significantly higher than that in NHE30 (P 197 

= .002, d = 0.94). 198 

 199 

Kinematic Data  200 

The results for the BPA among the starting HFAs are presented in Fig. 4 Friedman’s test did 201 

not indicate any significant difference (P = .127). The results for the HFA-BPA among the 202 

starting HFAs are presented in Fig. 5. One-way repeated-measures ANOVA revealed a 203 

significant main effect (F = 105.5, P = .000, partial η² = 0.88). The HFA-BPA in NHE30 was 204 

significantly higher than that in NHE-10 (P = .000, d = 3.31) and NHE10 (P = .000, d = 205 

1.28). Additionally, the HFA-BPA in NHE10 was significantly higher than that in NHE-10 (P 206 

= .000, d = 2.31). 207 

 208 

Reliability of NHE Variations 209 
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In NHE-10, the ICCs for the HFA-BPA, BPA, BF EMG activity, and ST EMG activity were 210 

0.67 (large), 0.92 (nearly perfect), 0.90 (nearly perfect), and 0.85 (very large), respectively. In 211 

NHE10, the ICCs for the HFA-BPA, BPA, BF EMG activity, and ST EMG activity were 0.55 212 

(large), 0.88 (very large), 0.93 (nearly perfect), and 0.84 (very large), respectively. In NHE30, 213 

the ICCs for HFA-BPA, BPA, BF EMG activity, and ST EMG activity were 0.8 (very large), 214 

0.82 (very large), 0.86 (very large), and 0.76 (very large), respectively. 215 

 216 

Discussion 217 

The present study sought to investigate the effects of different initial hip positions (NHE-10, 218 

NHE10, and NHE30) on HFA-BPA and their influence on hamstring activity and BPA. The 219 

main results indicated that the HFA-BPA was significantly higher in the order of NHE30, 220 

NHE10, and NHE-10 and that the hamstring EMG activity in NHE-10 was significantly 221 

higher than that in NHE30. No significant difference in the BPA was observed among the 222 

NHE variations. The results of this study supported our hypothesis. This study is the first to 223 

investigate the effect of differences in the HFA-BPA measured using the Nordic Angle app on 224 

hamstring EMG activity. 225 

 226 

A characteristic of individuals with a history of hamstring injuries is a decrease in BF EMG 227 

activity during an eccentric knee flexion exercise5). Considering that EMG activity during 228 
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exercise improves with activation training15), long-term use of NHE protocols that elicit 229 

higher BF EMG activity might contribute to hypotheses regarding potential mechanisms 230 

related to hamstring injury risk, although the present cross-sectional design does not allow 231 

any inference about preventive effects. A previous study investigated differences in the BF 232 

EMG activity during the NHE with initial HFAs set at 0°, 25°, 50°, and 75° and demonstrated 233 

that greater HFAs at the start of the NHE lead to more significant decreases in BF EMG 234 

activity during the NHE11). The present study also revealed that NHE30, which had a larger 235 

HFA at the start of the NHE, showed a significant decrease in BF EMG activity compared to 236 

NHE-10, which had a smaller HFA (Fig. 4). Skeletal muscle fibers can broadly be classified 237 

into contractile elements (e.g., actin and myosin) and non-contractile elements (e.g., titin and 238 

fascia). In the ascending limb and plateau of the muscle length-tension relationship, the 239 

contracting element becomes the primary tension force, while, farther along the descending 240 

limb, the non-contracting element becomes the primary tension force16). During NHE30, as 241 

the hip flexion angle increased (Fig. 2), it might have belonged to the descending limb of the 242 

muscle length-tension relationship; furthermore, the generation of tension might have 243 

depended more on non-contractile elements than on contractile elements. In fact, more 244 

stretched hamstring muscles during an eccentric knee flexion exercise result in greater knee 245 

flexion torque; however, the BF EMG activity decreases17). However, since the behavior of 246 

muscles and tendons during NHE30 has not been confirmed by ultrasound or other methods, 247 
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this remains mere conjecture. Nevertheless, performing NHE with the upper body in an 248 

upright position was effective in enhancing BF EMG activity. Nevertheless, individuals with 249 

a history of hamstring injuries characteristically exhibit a decrease in BF EMG activity 250 

during an eccentric knee flexion exercise, this occurs mainly when knee flexion is within 251 

35°5,6,18). Because BF EMG activity decreases after BPA10), the use of an angle-adjustable 252 

inclined platform may warrant consideration in future research, particularly when examining 253 

conditions in which the BPA exceeds 50°, as in the present study8,13).  254 

 255 

Most hamstring injuries occur in the BF19). This may be the reason for the decrease in BF 256 

EMG activity during an eccentric knee flexion exercise, which is a characteristic of 257 

individuals with a history of hamstring injuries5,18). ST EMG activity has also been reported 258 

to decrease during an eccentric knee flexion exercise in individuals with a history of 259 

hamstring injuries6). Recent studies have reported on ST injuries20) and shown that the ST is 260 

more likely to be injured than the BF21). If muscle injury is accompanied by a decrease in 261 

EMG activity in the same muscle, it seems highly significant to measure the ST EMG activity 262 

during exercise. Similar to the results for BF EMG activity in this study, the ST EMG activity 263 

was significantly lower in NHE30, which had a larger HFA at the start of NHE, than in NHE-264 

10, which had a smaller HFA (Fig. 5), suggesting that tension generation may depend more 265 

on noncontractile elements than on contractile elements due to hip flexion16). Therefore, 266 



15 
 

performing NHE with the upper body in an upright position, similar to BF EMG activity, was 267 

effective in enhancing ST EMG activity. There is no evidence that exercises enhancing EMG 268 

activity of BF and ST within 35° of knee flexion 5,6,18) are effective in preventing hamstring 269 

injury recurrence. Therefore, future research is needed to investigate whether such exercises 270 

have any relevance to injury recurrence remains entirely speculative and would require 271 

longitudinal or interventional research to evaluate. 272 

 273 

In the present study, the HFA-BPA increased with an increase in the HFA at the start of the 274 

NHE (Fig. 2); however, no effect on the BPA was observed (Fig. 3). The difference in the 275 

HFA-BPA depending on the HFA at the start of the NHE was expected to be within an HFA 276 

of 30°11). Nevertheless, this is the first attempt to measure the HFA-BPA using the Nordic 277 

Angle app. Although the Nordic Angle app has been used to estimate HFA‑BPA in previous 278 

work, some supporting validation data remain unpublished. Therefore, the present 279 

measurements should be interpreted with caution, and further validation using 280 

three‑dimensional motion analysis will be necessary in future studies. Given these 281 

limitations, HFA-BPA should be interpreted as an exploratory or secondary outcome rather 282 

than a primary measure. 283 

 284 

There are several limitations in this study. First, a possibility of EMG crosstalk might have 285 
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existed. Although EMG electrodes were attached in accordance with the Surface 286 

ElectroMyoGraphy for the Non-Invasive Assessment of Muscles recommendations14), 287 

crosstalk could have possibly occurred. Future studies will require identifying muscles using 288 

ultrasound to reduce any possible crosstalk. Second, the ICC value for HFA-BPA was low. 289 

The ICCs for NHE-10, NHE10, and NHE30 were 0.67, 0.55, and 0.8, respectively. The 290 

differences between initial hip flexion angle and HFA-BPA for NHE-10, NHE10, and NHE30 291 

were 15.0°, 15.9°, and 7.1°, respectively. This indicates that while NHE-10 and NHE10 292 

feature a forward lean of the upper body from the starting posture to BPA, NHE30 exhibits a 293 

smaller change in forward lean of the upper body from the starting posture to BPA. The 294 

difference between the initial hip flexion angle and HFA-BPA might have influenced the ICC 295 

values. Finally, since the participants did not include female athletes or individuals with a 296 

history of hamstring injuries, the results might not be the same under this research protocol. 297 

 298 

A characteristic of individuals with a history of hamstring injuries is a decrease in hamstring 299 

EMG activity during an eccentric knee flexion exercise. The performing NHE with the upper 300 

body in an upright position at the start increased hamstring EMG activity in this study. 301 

However, the extent to which such acute EMG responses relate to injury risk or prevention 302 

remains unclear and cannot be inferred from this cross-sectional design. These findings also 303 

show that performing the NHE with an upright upper-body posture is associated with higher 304 
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hamstring EMG activity. The potential relevance of these EMG patterns to injury recurrence 305 

is entirely speculative and will require future longitudinal or interventional studies to 306 

determine. 307 

 308 

In the future, it would be desirable to implement the protocol used in this study by attaching 309 

EMG electrodes using ultrasound. When implementing NHE protocols, such as those in this 310 

study, which involve changing the HFA setting, adding familiarization repetitions will be 311 

necessary. 312 

 313 

Conclusion 314 

The present study sought to investigate the effects of different initial hip positions (NHE-10, 315 

NHE10, and NHE30) on HFA-BPA and their influence on hamstring activity and BPA. The 316 

main results indicated that performing NHE with the upper body in an upright position at the 317 

start could enhance BF and ST EMG activities. 318 
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 416 

Fig. 1 — The screen on the Nordic Angle app. θ1, knee flexion angle; θ2, hip flexion angle. A, 417 

Settings button. 418 

 419 

Fig. 2 — BF EMG activity among the starting HFAs. * indicates a significant difference from 420 

NHE30 (P < .05). 421 

 422 
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 423 

Fig. 3 — ST EMG activity among the starting HFAs. * indicates a significant difference from 424 

NHE30 (P < .05). 425 

 426 

 427 

Fig. 4 — BPA among the starting HFAs. 428 

 429 
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 430 

Fig. 5 — HFA-BPA among the starting HFAs. * indicates a significant difference from 431 

NHE30 (P < .05). † indicates a significant difference from NHE10 (P < .05). 432 

 433 
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要約

本研究は、ノルディックハムストリングエクササイズ開始時の股関節屈曲角度の違いがハムストリングの筋放電（EMG）活動に及ぼす影響を調査することを目的とした。15名の男性がノルディックハムストリングエクササイズ（NHE）開始時の股関節屈曲角度（0°を中立位置とみなす）を-10°（NHE-10）、10°（NHE10）、30°（NHE30）に設定した3条件のNHEを実施した。主要測定項目は、NHE-10、NHE10、NHE30における大腿二頭筋（BF）および半腱様筋（ST）のEMG活動であった。HFA-BPAは、NHE30、NHE10、NHE-10の順に有意に高かった（P < .05）。大腿二頭筋（BF）および半腱様筋（ST）のEMG活動は、NHE-10がNHE30よりも有意に高値を示した（P < .05）。本研究により、股関節屈曲角度を-10°で開始することで、NHE中のハムストリングのEMG活動を高められる可能性が示唆された。



Introduction

[bookmark: _Hlk208408792]Hamstring injuries occur in several sports activities1). The incidence rate of hamstring injuries has reportedly doubled over the past 20 years, with over two-thirds of recurrences occurring after footballers’ return to play2). Returning to play may require a long recovery period ranging from 15 to 105 days3). In particular, recurrent injuries necessitate a longer recovery period to return to play than initial injuries4). Therefore, preventing not only the initial hamstring injury but also its recurrence is essential.



[bookmark: _Hlk208408808]Hamstring injuries cause a decrease in the electromyographic (EMG) activities of the biceps femoris (BF) and semitendinosus (ST) during an eccentric knee flexion exercise5,6). A previous study reported a difference in BF EMG activity between healthy and injured legs during an eccentric knee flexion exercise performed at slow angular speeds (30˚/s)5). Thus, eccentric hamstring training that creates high hamstring EMG activity might help reduce recurrence of hamstring injuries by increasing hamstring EMG activity during an eccentric knee flexion exercise. However, there is no evidence that exercises enhancing EMG activity of BF and ST could be effective in preventing hamstring injury recurrence.



[bookmark: _Hlk208408853][bookmark: _Hlk208408833][bookmark: _Hlk208408841]The Nordic hamstring exercise (NHE) involves increased hamstring EMG activity7) as the upper body leans forward from a kneeling position8). The point at which the hamstring muscles can no longer resist the load caused by the forward lean of the upper body and begin to release tension is referred to as the break point, whereas the break-point angle (BPA) is defined as the knee flexion angle when the knee joint extension angular velocity exceeds 30°/s9,10). Recently, the Nordic Angle app, an iOS application that can automatically measure not only the BPA but also the hip flexion angle (HFA) at the BPA (HFA-BPA), was developed9,10). The HFA is defined as 0° in the neutral position, and the angle increases as the upper body leans forward. However, the effect of differences in HFA at the start of NHE on HFA-BPA and hamstring EMG activity remains unclear.



[bookmark: _Hlk208408899]Different starting hip positions might alter HFA-BPA11). Moreover, differences in HFA at the start of NHE might influence hamstring activity11,12). In the present study, we aimed to investigate the effects of different initial hip positions on HFA-BPA and their influence on hamstring activity and BPA. We hypothesized that more upright upper body at the start of NHE would result in greater hamstring EMG activity11).



Methods

Study Design

In this single-visit cross-sectional study, the NHE was implemented at three different starting hip positions: (i) HFA of -10° (NHE-10), (ii) HFA of 10° (NHE10), and (iii) HFA of 30° (NHE30), with 0° being defined as the neutral position. 



Participants

The required sample size was estimated using G*Power version 3.1.9.7 (Heinrich Heine University, Düsseldorf, Germany). The sample size was calculated a priori based on the parameters of one-way repeated-measures analysis of variance (ANOVA) (effect size, 0.4; alpha, 0.05; power, 0.8)13). The required sample size was determined to be 12.



Fifteen male volunteers (age, 24.8 ± 3.5 years; height, 172.5 ± 5.1 cm; body mass, 66.9 ± 5.7 kg) participated in this study. All participants had prior experience with the NHE. Individuals with a history of hamstring or anterior cruciate ligament injuries were excluded.



[bookmark: _Hlk208397775]All procedures were conducted in accordance with the ethical principles embodied in the Declaration of Helsinki. The experimental protocol was approved by the Ethics Committee of Shibaura Institute of Technology (approval number: 25-030). Informed consent was obtained from all participants after explaining the purpose and procedures of the study.



Procedures

The participants initially performed a static hamstring stretch (standing hamstring stretch on one leg) with a 20-s hold on each leg. Subsequently, the participants performed maximum voluntary isometric knee flexion (MVIC) with the hip joint flexed at 0° and the knee joint flexed at 45° (0° was considered full extension). The participants carried out two warm-up trials of MVIC at 50–80% of maximum effort, followed by two MVIC trials at maximum effort. MVIC was gradually exerted to its maximum over the first 2 s and sustained for the next 2 s. The rest periods between warm-up trials and between MVIC trials were set to 1 and 2 min, respectively.



After the MVIC trials, the participants randomly performed the NHE-10, NHE10, and NHE30. They assumed a kneeling position on a bench approximately 0.5 m high with their elbows bent and hands open in front of them. The HFA at the start of the NHE was defined using a manual goniometer (TTM-KO; SAKAI Medical Inc., Japan), with the reference line delineated by the acromion, greater trochanter, and lateral femoral condyle. The participants were instructed to slowly lean forward while maintaining the assigned HFA. They performed two warm-up trials of the NHE at 50–80% of maximum effort, followed by two NHE trials at maximum effort. The rest periods between warm-up trials and between trials were set to 1 and 2 min, respectively.



Kinematic Data 

An iPad camera (iPad 11; Apple Inc., USA) was set to 60 fps and positioned approximately 3 m from the right side of a participant at a height of approximately 0.9 m. The examiner carefully adjusted the angle of the iPad camera so that the participant was centered in the frame. The BPA and HFA-BPA were calculated during NHE variations using the Nordic Angle app (Fig. 1)9,10). To calculate BPA and HFA-BPA, filtering and setting of the knee extension angular velocity for BPA were performed (Fig. 1 A). Filtering was applied to data on knee flexion and hip flexion angles using a moving average (Move Average) set to 10. BPA was defined as the knee flexion angle when the knee extension angular velocity (Break Point Velocity) exceeded 3.5. HFA-BPA was defined as the hip flexion angle at BPA. The knee flexion angle and hip flexion angle were defined as anatomical angles, with a value of 0° indicating an extended hip or knee. The average of two NHE trials was used for statistical analysis.



EMG

The surface EMG amplitude during MVIC was determined using wireless electrodes (TS-MYO; Trunk Solution Inc., Japan). The length and width of the electrodes were 1 and 0.5 cm, respectively; the distance between them was 1 cm. The electrodes were placed on the dominant leg (i.e., the leg used to kick the ball). EMG placement for the BF was performed at the midpoint between the ischial tuberosity and the lateral condyle of the tibia, whereas EMG placement for the ST was performed at the midpoint between the ischial tuberosity and the medial epicondyle of the tibia14). The hair around the target muscle was shaved and cleaned with alcohol-moistened cotton. The sampling rate was 1000 Hz, and bandpass filtering was performed between 20 and 450 Hz. EMG amplitudes were expressed as root mean square (RMS) and calculated with a time width of 100 ms. The maximum RMS value was obtained during two MVICs to normalize each NHE trial. The average of NHE trials was used for statistical analysis. 



Statistical Analysis

Data are expressed as means ± standard deviations. Data normality was assessed using the Shapiro–Wilk test. The HFA-BPA and BF and ST EMG activities among the starting HFAs were compared using one-way repeated-measures ANOVA. The BPA among the starting HFAs was compared using Friedman’s test. Post hoc comparisons were conducted using the Bonferroni test. Partial η² values were classified according to the following effect size criteria: trivial, <0.01; small, 0.01–0.06; medium, 0.06–0.14; and large, >0.14. Cohen’s d was classified according to the following effect size criteria: trivial, <0.2; small, 0.2–0.5; medium, 0.5–0.8; and large, >0.8. Intra-class correlation coefficients (ICCs) (1,1) were calculated to assess the reliability of the two trials. The magnitude of correlation was established according to the following criteria: r = 1, perfect correlation; 1 ≥ r ≥ 0.9, nearly perfect; 0.9 ≥ r ≥ 0.7, very large; 0.7 ≥ r ≥ 0.5, large; 0.5 ≥ r ≥ 0.3, moderate; 0.3 ≥ r ≥ 0.1, small; and 0.1 ≤ r, trivial. All statistical analyses were performed using SPSS version 29 (IBM Corp., Armonk, NY, USA), with statistical significance set at P < .05. 



Results

EMG

[bookmark: _Hlk208414597]The results for BF EMG activity among the starting HFAs are shown in Fig. 2. One-way repeated-measures ANOVA revealed a significant main effect (F = 9.0, P = .001, partial η² = 0.39). The BF EMG activity in NHE-10 was significantly higher than that in NHE30 (P = .006, d = 0.71).



The results for ST EMG activity among the starting HFAs are presented in Fig. 3. One-way repeated-measures ANOVA indicated a significant main effect (F = 6.8, P = .004, partial η² = 0.33). The ST EMG activity in NHE-10 was significantly higher than that in NHE30 (P = .002, d = 0.94).



Kinematic Data 

The results for the BPA among the starting HFAs are presented in Fig. 4 Friedman’s test did not indicate any significant difference (P = .127). The results for the HFA-BPA among the starting HFAs are presented in Fig. 5. One-way repeated-measures ANOVA revealed a significant main effect (F = 105.5, P = .000, partial η² = 0.88). The HFA-BPA in NHE30 was significantly higher than that in NHE-10 (P = .000, d = 3.31) and NHE10 (P = .000, d = 1.28). Additionally, the HFA-BPA in NHE10 was significantly higher than that in NHE-10 (P = .000, d = 2.31).



Reliability of NHE Variations

In NHE-10, the ICCs for the HFA-BPA, BPA, BF EMG activity, and ST EMG activity were 0.67 (large), 0.92 (nearly perfect), 0.90 (nearly perfect), and 0.85 (very large), respectively. In NHE10, the ICCs for the HFA-BPA, BPA, BF EMG activity, and ST EMG activity were 0.55 (large), 0.88 (very large), 0.93 (nearly perfect), and 0.84 (very large), respectively. In NHE30, the ICCs for HFA-BPA, BPA, BF EMG activity, and ST EMG activity were 0.8 (very large), 0.82 (very large), 0.86 (very large), and 0.76 (very large), respectively.



Discussion

[bookmark: _Hlk208412308][bookmark: _Hlk208412294]The present study sought to investigate the effects of different initial hip positions (NHE-10, NHE10, and NHE30) on HFA-BPA and their influence on hamstring activity and BPA. The main results indicated that the HFA-BPA was significantly higher in the order of NHE30, NHE10, and NHE-10 and that the hamstring EMG activity in NHE-10 was significantly higher than that in NHE30. No significant difference in the BPA was observed among the NHE variations. The results of this study supported our hypothesis. This study is the first to investigate the effect of differences in the HFA-BPA measured using the Nordic Angle app on hamstring EMG activity.



[bookmark: _Hlk208414568]A characteristic of individuals with a history of hamstring injuries is a decrease in BF EMG activity during an eccentric knee flexion exercise5). Considering that EMG activity during exercise improves with activation training15), long-term use of NHE protocols that elicit higher BF EMG activity might contribute to hypotheses regarding potential mechanisms related to hamstring injury risk, although the present cross-sectional design does not allow any inference about preventive effects. A previous study investigated differences in the BF EMG activity during the NHE with initial HFAs set at 0°, 25°, 50°, and 75° and demonstrated that greater HFAs at the start of the NHE lead to more significant decreases in BF EMG activity during the NHE11). The present study also revealed that NHE30, which had a larger HFA at the start of the NHE, showed a significant decrease in BF EMG activity compared to NHE-10, which had a smaller HFA (Fig. 4). Skeletal muscle fibers can broadly be classified into contractile elements (e.g., actin and myosin) and non-contractile elements (e.g., titin and fascia). In the ascending limb and plateau of the muscle length-tension relationship, the contracting element becomes the primary tension force, while, farther along the descending limb, the non-contracting element becomes the primary tension force16). During NHE30, as the hip flexion angle increased (Fig. 2), it might have belonged to the descending limb of the muscle length-tension relationship; furthermore, the generation of tension might have depended more on non-contractile elements than on contractile elements. In fact, more stretched hamstring muscles during an eccentric knee flexion exercise result in greater knee flexion torque; however, the BF EMG activity decreases17). However, since the behavior of muscles and tendons during NHE30 has not been confirmed by ultrasound or other methods, this remains mere conjecture. Nevertheless, performing NHE with the upper body in an upright position was effective in enhancing BF EMG activity. Nevertheless, individuals with a history of hamstring injuries characteristically exhibit a decrease in BF EMG activity during an eccentric knee flexion exercise, this occurs mainly when knee flexion is within 35°5,6,18). Because BF EMG activity decreases after BPA10), the use of an angle-adjustable inclined platform may warrant consideration in future research, particularly when examining conditions in which the BPA exceeds 50°, as in the present study8,13). 



Most hamstring injuries occur in the BF19). This may be the reason for the decrease in BF EMG activity during an eccentric knee flexion exercise, which is a characteristic of individuals with a history of hamstring injuries5,18). ST EMG activity has also been reported to decrease during an eccentric knee flexion exercise in individuals with a history of hamstring injuries6). Recent studies have reported on ST injuries20) and shown that the ST is more likely to be injured than the BF21). If muscle injury is accompanied by a decrease in EMG activity in the same muscle, it seems highly significant to measure the ST EMG activity during exercise. Similar to the results for BF EMG activity in this study, the ST EMG activity was significantly lower in NHE30, which had a larger HFA at the start of NHE, than in NHE-10, which had a smaller HFA (Fig. 5), suggesting that tension generation may depend more on noncontractile elements than on contractile elements due to hip flexion16). Therefore, performing NHE with the upper body in an upright position, similar to BF EMG activity, was effective in enhancing ST EMG activity. There is no evidence that exercises enhancing EMG activity of BF and ST within 35° of knee flexion 5,6,18) are effective in preventing hamstring injury recurrence. Therefore, future research is needed to investigate whether such exercises have any relevance to injury recurrence remains entirely speculative and would require longitudinal or interventional research to evaluate.



In the present study, the HFA-BPA increased with an increase in the HFA at the start of the NHE (Fig. 2); however, no effect on the BPA was observed (Fig. 3). The difference in the HFA-BPA depending on the HFA at the start of the NHE was expected to be within an HFA of 30°11). Nevertheless, this is the first attempt to measure the HFA-BPA using the Nordic Angle app. Although the Nordic Angle app has been used to estimate HFA‑BPA in previous work, some supporting validation data remain unpublished. Therefore, the present measurements should be interpreted with caution, and further validation using three‑dimensional motion analysis will be necessary in future studies. Given these limitations, HFA-BPA should be interpreted as an exploratory or secondary outcome rather than a primary measure.



There are several limitations in this study. First, a possibility of EMG crosstalk might have existed. Although EMG electrodes were attached in accordance with the Surface ElectroMyoGraphy for the Non-Invasive Assessment of Muscles recommendations14), crosstalk could have possibly occurred. Future studies will require identifying muscles using ultrasound to reduce any possible crosstalk. Second, the ICC value for HFA-BPA was low. The ICCs for NHE-10, NHE10, and NHE30 were 0.67, 0.55, and 0.8, respectively. The differences between initial hip flexion angle and HFA-BPA for NHE-10, NHE10, and NHE30 were 15.0°, 15.9°, and 7.1°, respectively. This indicates that while NHE-10 and NHE10 feature a forward lean of the upper body from the starting posture to BPA, NHE30 exhibits a smaller change in forward lean of the upper body from the starting posture to BPA. The difference between the initial hip flexion angle and HFA-BPA might have influenced the ICC values. Finally, since the participants did not include female athletes or individuals with a history of hamstring injuries, the results might not be the same under this research protocol.



A characteristic of individuals with a history of hamstring injuries is a decrease in hamstring EMG activity during an eccentric knee flexion exercise. The performing NHE with the upper body in an upright position at the start increased hamstring EMG activity in this study. However, the extent to which such acute EMG responses relate to injury risk or prevention remains unclear and cannot be inferred from this cross-sectional design. These findings also show that performing the NHE with an upright upper-body posture is associated with higher hamstring EMG activity. The potential relevance of these EMG patterns to injury recurrence is entirely speculative and will require future longitudinal or interventional studies to determine.



In the future, it would be desirable to implement the protocol used in this study by attaching EMG electrodes using ultrasound. When implementing NHE protocols, such as those in this study, which involve changing the HFA setting, adding familiarization repetitions will be necessary.



Conclusion

The present study sought to investigate the effects of different initial hip positions (NHE-10, NHE10, and NHE30) on HFA-BPA and their influence on hamstring activity and BPA. The main results indicated that performing NHE with the upper body in an upright position at the start could enhance BF and ST EMG activities.
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Figure Captions
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Fig. 1 — The screen on the Nordic Angle app. θ1, knee flexion angle; θ2, hip flexion angle. A, Settings button.
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Fig. 2 — BF EMG activity among the starting HFAs. * indicates a significant difference from NHE30 (P < .05).
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Fig. 3 — ST EMG activity among the starting HFAs. * indicates a significant difference from NHE30 (P < .05).
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Fig. 4 — BPA among the starting HFAs.
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Fig. 5 — HFA-BPA among the starting HFAs. * indicates a significant difference from NHE30 (P < .05). † indicates a significant difference from NHE10 (P < .05).
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