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SEX DIFFERENCE IN ABSOLUTE AND NORMALIZED
FORCE AT FOUR DIFFERENT ISOMETRIC
CONTRACTION INTENSITIES: A CROSS-SECTIONAL
STUDY

ORIGINAL ARTICLE

ABSTRACT

Purpose: When measuring isometric contractions, providing real-time visual feedback differs from the
practices in general clinical environment. In addition, even though men and women have clear physical
and physiological differences, most of the existing studies analyzed absolute muscle contractions with
no distinction between men and women. The aim of this study was to investigate whether there
are differences in absolute and normalized hip extension forces measured without visual feedback
between men and women.

Methods: Twenty-eight healthy adults participated (13 men and 15 women; age=- 22.00+11.44 years;
height=165.86+18.30 cm; and weight=61.91+12.34 kg) in the study. Maximum (MVC) and submaximal
voluntary contraction forces (75%, 50%, and 25% of MVC, in a random order) of hip extension were
measured using a wireless strain gauge and with no visual feedback.

Results: Absolute contraction forces measured at four target intensities were significantly greater in
men (p<0.001). Intra-trial reliability of contraction forces across 3 trials was very high in both men and
women. There was a significant difference in normalized forces at 75% (p=0.024), 50% (p=0.033), and
25% (p=0.004) of MVC between the sexes.

Conclusion: Normalized force close to the target intensity was measured at high-intensity for men
and low-intensity for women. In submaximal intensities, a decrease in normalized force smaller than
the assigned target intensity occurred in both men and women as the target intensity decreased, with
men showing a smaller decrease proportionally.
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DORT FARKLI iZOMETRIK KASILMA YO(.':UNLUC':UNDA
MUTLAK VE NORMALLESTIRILMIS KUVVETTE
CINSIYET FARKI: KESITSEL BIR CALISMA

ARASTIRMA MAKALESI

0z

Amag: izometrik kasilmalari olcerken gercek zamanli gorsel geribildirim saglamak genel Klinik
ortamdaki uygulamalardan farkhidir. Bununla birlikte, erkek ve kadinlarin belirgin fiziksel ve fizyolojik
farkliliklari olmasina ragmen mevcut calismalarin cogunda mutlak kas kontraksiyonlari cinsiyet ayrimi
yapilmadan analiz edilmistir. Bu calismanin amaci, erkekler ve kadinlar arasinda gorsel geribildirim
olmaksizin élctilen mutlak ve normalize edilmis kalca ekstansiyon kuvvetlerinde farklilik olup olmadigini
arastirmaktir.

Yontem: Calismaya 28 saglikh yetiskin katildi (13 erkek ve 15 kadin; yas=22,00+11,44 yil;
boy=165,86+18,30 cm; ve viicut agirhigi=61,91+12,34 kg). Kalca ekstansiyonunun maksimum (MVC)
ve submaksimal istemli kasilma kuvvetleri ((MVC'nin %75, %50 ve %25'i, rastgele sirayla) kablosuz bir
gerinim olcer kullanilarak ve gorsel geri bildirim olmaksizin él¢ildi.

Sonuglar: Erkeklerde dort hedef yogunlukta 6lciilen mutlak kasiima kuvvetleri énemli dlciide daha
yiiksekti (p<0,001). Tekrarli 6l¢tiim tutarlihg t¢ deneme boyunca hem erkeklerde hem de kadinlarda ¢ok
yiksekti. MVC'nin %75'inde (p=0,024), %50'sinde (p=0,033) ve %25'inde (p=0,004) cinsiyetler arasinda
anlaml fark vardi.

Tartisma: Hedef yogunluga yakin normallestirilmis kuvvet erkeklerde yiiksek yogunlukta, kadinlarda
diistik yogunlukta élctildii. Submaksimal yogunluklarda, hedef yogunluk azaldikca, erkeklerde orantil
olarak daha kiictik olmak tizere hem erkeklerde hem de kadinlarda belirlenmis olan hedef yogunluktan
daha kiiciik bir normallestirilmis kuvvet azalmasi gozlendi.

Anahtar Kelimeler: Dinamometre, Hamstring Kaslari, izometrik Kasilma, Kas Kuvveti, Cinsiyet Farki
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INTRODUCTION

In clinical practice, maximal or submaximal volun-
tary isometric contractions are performed accord-
ing to the patient’s condition or treatment purpose
(such as proprioceptive neuromuscular facilitation
stretching), and muscle contraction intensity should
be recorded quantitatively and/or qualitatively. In
the past, manual muscle testing (MMT) was pri-
marily utilized to measure voluntary isometric con-
tractions. However, in MMT, subjective judgment
factors of the measurer may affect the results. In
addition, it has the disadvantage that quantified
values in the ratio or interval scale cannot be pre-
sented, and those above normal cannot be classified
in detail (1). The rating of perceived exertion (RPE),
which is based on an individual’s subjective judg-
ment rather than the measurer, is also often used
to measure intensity (2,3). However, it is important
for physical therapists to aware that RPE can be
significantly affected by psychological factors. The
primary drawback of these measurement methods
is the inability to quantitatively determine the ab-
solute force produced by muscle contractions. To
compensate for this, a variety of measurement
equipment is currently utilized by physical thera-
pists, ranging from specialized equipment such as
isokinetic dynamometers to portable devices such
as portable dynamometers and strain gauges (4,5).

However, most of the existing studies provide mea-
sured values as real-time visual feedback, helping
performers to clearly distinguish each target inten-
sity (6,7). This does not reflect the general clinical
environment in which the patient cannot know his/
her voluntary muscle contraction force. It is neces-
sary to check whether the performer can produce
the correct amount of muscle force based on his/
her own judgment without visual feedback. In one
of the previous studies, 100%, 50%, and 20% of
maximum voluntary contraction (MVC) were sepa-
rately performed, but the subject was a field sport
athlete with better muscle performance than the
general public (8). In addition, while men and wom-
en should be divided into separate groups because
of their clearly different physical characteristics,
analyses were conducted using overall means with-
out grouping them by sex (9,10). A study on reli-
ability between repetitions, not just absolute con-
traction force, is also needed. Research on existing
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reliability is mainly focused on intra-rater reliability
at different time points rather than reproducibility
at the same time point (11). In the case of some
studies in which repetitions were performed at the
same time, there is a problem in that the number of
repetitions was too small to 2, or only specific trials
were selectively presented in spite of performing 3
or more repetitions (12). If only the largest value
is selectively presented, the variation in individual
iterations is unknown, and the baseline can be set
too high.

This study aimed to identify differences in absolute
and normalized hip extension forces and differenc-
es in intra-trial reliability between men and wom-
en at four different target intensities (100%, 75%,
50%, and 25% of MVC).

METHODS
Study Design

This study designed as a cross sectional study. The
experiment was conducted on January 29, 2020
at the College of Health and Welfare, 0000000
University. The study was approved by the Insti-
tutional Review Board of OOO0O00O University
(Number: 1041549-191011-SB-81) and informed
consent was obtained from participants prior to
any study-related procedures. The research related
to human use has been complied with all the rele-
vant institutional policies and has been conducted
in accordance with the tenets of the Helsinki Dec-
laration.

Subjects

Twenty-eight healthy adults participated. Subjects
were those who had no musculoskeletal or nervous
system problems, and had not experienced any
pain in the hip, knee, or ankle joint for the past 6
months. The sample size was calculated with the
G*Power version 3.1.9.7 software (Heinrich-Heine
Universitat Disseldorf, Diisseldorf, Germany), with
the alpha probability of 0.05 and a power of 0.8.

Procedures

The subject lies down on the treatment table in
the supine position. Pelvis and non-measured legs
were fixed to the treatment table using straps. The
straight leg was slowly raised by a sling (Marpe,
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Figure 1: (a) Starting Position to Measure Absolute Force during Hip Extension (b) with Strain Gauge.

Jeonju, South Korea) until the point of discomfort.
One end of the sling wire was fixed to the ceiling
and the other end was connected to the ankle using
an ankle strap (Figure 1a). The angle between the
lower extremity and the sling wire was maintained
at 90 degrees. A wireless strain gauge (Re-live,
Kimhae, South Korea) was connected in the mid-
dle of the sling wire, and absolute force was re-
corded 4 times per second (Figure 1b) (4,7,13,14).
The term “absolute force” refers to the direct force
measurements obtained using the strain gauge. It
provides a quantitative measurement of the actual
force magnitude exerted by the subjects during hip
extension. To minimize the effect of leg weight due
to gravity, the strain gauge was calibrated (i.e., set
to zero) before measurement. There was no visu-
al feedback during hip extension. For MVC, total 3
trials (5 sec/trial, 10 sec rest between trials) were
performed, and the middle 3 seconds were used ex-
cluding 1 second from the front and back out of 5
seconds. After MV, 3 trials (5 sec/trial, 10 sec rest
between trials) were performed in 75%, 50%, and
25% of MVC. The three submaximal target intensi-
ties were provided in random order, and sufficient
rest was provided between submaximal target in-
tensities. To calculate the normalized force, the

following formula was used: Normalized Force =
(Absolute Force / MVC) * 100%.

Statistical Analysis

Shapiro-Wilk was performed to test the normality
of data. Based on the result of Shapiro-Wilk test,
the Mann-Whitney U test was used to compare age
(years) between sexes and the Independent Sam-
ples T-test was used to compare other variables
such as height (cm), weight (kg), absolute contrac-
tion force (N), normalized force (%), and difference
between normalized force and target intensity
(Aforce, %) between sexes. Intraclass correlation
coefficient (ICC; 3,1, Consistency) was used to an-
alyze intra-trial reliability. Additionally, coefficient
of variation (CV) was calculated as follows: CV
=700 x (2 x (SDd / v2)/(X1 + X2)), where SDd is
the standard deviation of the differences between
two trials, and X1 and X2 represents the mean
of each trial (15,16). All statistical analyses were
performed using IBM SPSS 27 for Windows (IBM
Corp., Armonk, NY, USA) and Microsoft Excel 2019
for Windows (Microsoft Inc., Redmond, WA, USA).
The significance level was set at p<0.05. All values
were reported as mean + standard deviation.
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Table 1. Characteristics of the Subjects.

Men (n=13) Women (n=15) p
Age (year) 22.54+1.90 21.53+0.64 0.294
Height (cm) 173.46+3.55 159.27+4.67 < 0.001
Weight (kg) 70.69+10.42 54.30+8.18 < 0.001

Table 2. Absolute Contraction Force and Intra-trial Reliability across Three Trials at Four Different Target Intensities.

Target

intensity Sex Absolute force Trials ICC cv
1st-2nd 0.82 11.60
Men 85.11+21.97 N 2nd-3rd 0.93 6.98
100%* 3rd-qst 0.74 1413
1st-2nd 0.80 15.37
Women 53.84+16.52 N 2nd-3rd 0.90 9.51
3rd-qst 0.85 13.09
1st-2nd 0.98 5.02
Men 66.19+24.66 N 2nd-3rd 0.94 9.54
750" 3rd-qst 0.95 8.64
1st-2nd 0.93 11.85
Women 32.43+14.44 N 2nd-3rd 0.98 7.02
3rd-qst 0.91 13.37
1st-2nd 0.93 10.90
Men 47.42+19.84 N 2nd-3rd 0.97 7.96
50%* 3rd-qst 0.92 12.32
1st-2nd 0.96 9.44
Women 22.70+£10.16 N 2nd-3rd 0.91 13.77
3rd-qst 0.91 13.55
1st-2nd 0.95 12.00
Men 28.32+13.64 N 2nd-3rd 0.94 10.85
2506* 3rd-qst 0.85 20.00
1st-2nd 0.89 18.35
Women 11.38t6.21 N 2nd-3rd 0.96 11.82
3rd-qst 0.91 16.49

*P<0.001, significantly different between men and women, ICC: intraclass correlation coefficient, CV: coefficient of variation

RESULTS

There was no significant difference in age between
men and women (p=0.294) but was significant dif-
ference in height and weight (p<0.001) (Table 1).
The average hip flexion angle was 63.8°. Absolute
contraction forces measured at each target inten-
sity were significantly different between men and
women (Table 2). Intra-trial reliability of contrac-
tion forces across 3 trials was very high at all tar-
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get intensities in both men and women. Aforces in
men were 0.8+14.7%, 5.0+15.1%, and 7.9+11.5%
at 75%, 50%, and 25% of MVC, respectively (Figure
2).

Aforces in women were -14.9+19.1%, -7.6+14.4%,
and -4.0+8.3% at 75%, 50%, and 25% of MVC, re-

spectively. There was significant difference in nor-
malized forces between sexes at 75% (p=0.024),
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Figure 2: Difference between Normalized Force (%) and
Target Intensity (% of MVC) in Men and Women.

50% (p=0.033), and 25% of MVC (p=0.004). The
difference in frequency distribution of normalized
forces between men and women was most mis-
matched at 25% of MVC (Figure 3).

DISCUSSION

The absolute contraction forces of men measured
at four different target intensities were signifi-
cantly higher than those of women. One interest-
ing thing is that the ratio of women contraction
force to men contraction force decreased grad-
ually with decreasing target intensity. In detail,
women showed 63.2%, 48.9%, 47.9%, and 40.3%
of the contraction force of men at 100%, 75%,
50%, and 25% of MVC, respectively. It is already
widely known that the maximal contraction force
of women is lower than that of men because of the
physical characteristics between men and women
(17). However, if the decrease in contraction force
at submaximal target intensity is relatively small
compared to men, the ratio can be increased. In
this study, women reduced the contraction force
more than required, and it was confirmed that the
ratio also decreased gradually when the target in-
tensity decreased. Differences between men and
women may be due to physical and physiological
characteristics. Women has less CSA for type |, lIA,
and IIB muscle fibers and less peak torque of ham-
strings and quadriceps than men (18,19). The sexu-
al dimorphism observed in muscle composition can
be attributed, at least in part, to endocrine factors,
specifically the influence of hormones like testos-
terone, which significantly modulate the process
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Figure 3: Frequency Distribution of Normalized Force (%)
in Men and Women at Four Different Target Intensities.

of protein synthesis (20,21). In addition to simple
physical characteristics, differences between men
and women are also observed in muscle extensibil-
ity and movement strategy (22,23). It is also known
that women have slightly lower proprioception in-
cluding threshold to detect passive motion in the
lower extremities (24-26). In addition to the abso-
lute contraction forces, the frequency distribution
of normalized force also showed differences be-
tween men and women. In particular, in the case of
women, a high frequency was observed in 25% of
MVC. This may be because the mean of normalized
force at 25% of MVC was lower than that of men,
closer to 0%, which is the left end of the range, and
consequently the range from min to max became
narrower than that of men. In one of the existing
studies, there was a difference between men and
women in frequency distribution at 100% of MVC -
this is probably because, in that study, the number
of repetitions was 5 times and the maximum value
out of the 5 trials was set to 100% of MVC, but the
average of 3 times was set as 100% of MVC in the
present study (27).

Since the baseline value of contraction force be-
tween men and women is significantly different,
it is necessary to analyse using muscle force nor-
malized to 100% of MVC, which is a relative value
rather than an absolute value, which is contrac-
tion force (28,29). Normalized muscle forces in
men were 75.8414.6, 55.0+¢15.1, and 32.9+11.5
at 75%, 50%, and 25% of MVC, respectively. Nor-
malized muscle forces in women were 60.1+19.1,
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42.4£14.4, and 21.0£8.3 at 75%, 50%, and 25%
of MVC, respectively. In the values of Aforce, sim-
ilarities and differences between men and women
are observed, respectively. First, the difference is
that, in 75% of MVC, the normalized force to the
assigned target intensity was the closest for men,
but the most distant for women. What they have in
common is that when the target intensity is low-
ered from 75% to 25% of MVC, Aforce increases
gradually. As Aforce gradually increases as it goes
to low-intensity, unlike high-intensity, it was the
closest for women at 25%, while it was the most
distant for men. In previous studies that did not
separate men and women, under-production at
high-intensity (30), and over-production at low-in-
tensity were often observed (8). Under-production
at high-intensity has been viewed as a protective
mechanism to reduce the risk of injury caused by
intense muscle contraction (30). If this study also
performed statistical analysis with a single group
without grouping by sex, contraction force would
be 67.4% in 75% of MVC (under-production) and
26.5% in 25% of MVC (over-production). That is,
there is a clear difference according to the charac-
teristics of men and women, but when averaged,
the difference between men and women is offset
and can be interpreted differently.

If the amount of force produced by muscle during
a single contraction shows a quantitative abili-
ty of muscle performance, the same amount of
force produced during repeated contractions will
show a qualitative ability (31). Intra-trail reliabil-
ity confirmed through ICC and CV was found to
be very high in both men and women except for
100% of MVC. The difference between the trials
was more pronounced than the difference between
men and women. When comparing the ICC mea-
sured at each target intensity, the 2-3rd trials had
the highest total of 5 times, and the 3rd-1st trials
had the lowest number of just once. If wishing to
use consistent data in an experimental study, it is
most recommended to use the average of the 2nd
and 3rd trials. Unlike absolute contraction force,
there was no significant difference between men
and women in reproducibility. In order to maintain
the same muscle contraction strength, the body
provides real-time information that occurs during
muscle contraction to the central nervous system
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via afferent pathways (32-34). This feedback
mechanism is implemented by proprioceptors such
as muscle spindles and golgi tendon organs (35).
During muscle contraction, motor unit recruitment
and rate coding are constantly adjusted to the sit-
uation, helping the muscle to maintain a constant
contractile strength (36-38). Changes in neuro-
muscular activation can be confirmed by electro-
myography, and increased EMG is observed in ac-
tual sustained contraction (39). Since the feedback
mechanism only provides information that occurs
during movement, feedforward control of move-
ment in the pre-contraction phase is required to
generate the same amount of muscle force during
repetitive contractions (40,41). Feedforward sends
anticipatory input to the sensory area before
movement occurs. The internal copy of the motor
signal is then compared with the reafferent sig-
nals from the sensory system to determine senso-
ry discrepancy (42). Integrated information in the
feedforward and feedback mechanism will help the
contraction force approximate the target intensity
(43).

In a previous study conducted on lower extremity
muscles, it was found that the maximum muscle
contraction occurred most frequently between 3-5
repetitions (12). Three repeated measurements of
each target intensity may not have been sufficient
to elucidate differences between men and women.
In addition, in this study, electromyography activi-
ty was not measured, so there was a limitation in
interpretation.

In this study, the absolute contraction force during
hip extension was measured three times at four
different target intensities, and differences in ab-
solute and normalized force with its reproducibility
between sexes were confirmed. The results showed
that the normalized force close to the target inten-
sity was produced at high-intensity for men and at
low-intensity for women. Also, when both men and
women reduced the target intensity from high-to
low-intensity, it was confirmed that the normalized
force did not decrease as much as the decrease of
the target intensity, and the decrease was smaller
in men. In addition, there was no significant differ-
ence in reproducibility between men and women,
and reliability was generally higher in 2nd-3rd tri-
als. In clinical practice, physical therapists should



be aware that absolute and normalized muscle
force may manifest in different patterns at maxi-
mal and/or submaximal intensities between sexes.

Sources of Support: The study was supported by
Woosong University Academic Research Funding.

Conflict of Interest: The author declares no con-
flict of interest.

Ethical Approval: The institutional review board
of Woosong University approved this study (Num-
ber: 1041549-191011-SB-81).

Informed Consent: A written informed consent
form was obtained from all participants.

Author Contributions: Concept, Design, Supervi-
sion, Resources and Financial Support, Materials,
Data Collection and/or Processing, Analysis and/or
Interpretation, Literature Research, Writing Manu-
script, Critical Review - W.L.

Acknowledgements: None

REFERENCES

1. Saranya S, Poonguzhali S, Karunakaran S. Gaussian mixture
model-based clustering of manual muscle testing grades
using surface electromyogram signals. Phys Eng Sci Med.
2020;43(3):837-47.

2. Lim W. Perceived exertion responses to exercise differ for pro-
gressively increasing and decreasing order of intensity: a cross-
over design study. Ann Appl Sport Sci. 2023;11(1):1-8.

3. Lim W. Comparison of contraction intensity and perceived in-
tensity between dominant and non-dominant leg in sedentary
adults. Physiotherapy Quarterly. 2023;31(1):13-8.

4. Lim W. Effects of hip rotation on the electromyographic activity
of the medial and lateral hamstrings and muscle force. ) Back
Musculoskelet Rehabil. 2021;34(6):1023-9.

5. Lim W, Park H. No significant correlation between the intensity
of static stretching and subject’s perception of pain. ) Phys Ther
Sci. 2017;29(10):1856-9.

6. Kearney E, Shellikeri S, Martino R, Yunusova Y. Augmented vi-
sual feedback-aided interventions for motor rehabilitation
in Parkinson's disease: a systematic review. Disabil Rehabil.
2019;41(9):995-1011.

7. Lim W. Easy Method for Measuring stretching intensities in real
clinical settings and effects of different stretching intensities on
flexibility. ) Back Musculoskelet Rehabil. 2019;32(4):579-85.

8. Sheard PW, Smith PM, Paine TJ. Athlete compliance to therapist
requested contraction intensity during proprioceptive neuro-
muscular facilitation. Man Ther. 2009;14(5):539-43.

9. Hill EC, Housh TJ, Smith CM, Schmidt RJ, Johnson GO. Gen-
der- and muscle-specific responses during fatiguing exercise. J
Strength Cond Res 2018;32(5):1471-8.

10. Obrebska P, Skubich J, Piszczatowski S. Gender differences in the
knee joint loadings during gait. Gait Posture. 2020;79:195-202.

11.  Lipovsek T, Kacin A, Puh U. Reliability and validity of hand-held
dynamometry for assessing lower limb muscle strength. Isokinet
Exerc Sci. 2022;30(3):231-40.

12.  Todd G, Gorman RB, Gandevia SC. Measurement and reproduc-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

TURKISH JOURNAL OF PHYSIOTHERAPY AND REHABILITATION 2024; 35(1)

Lim W.

ibility of strength and voluntary activation of lower-limb mus-
cles. Muscle Nerve. 2004;29(6):834-42.

Park S, Lim W. Comparison of muscle activity of hamstrings
as knee flexors and hip extensors and effect of tibial and hip
rotation on the contribution of hamstrings. ] Bodyw Mov Ther.
2023;34:1-5.

Oh D, Lim W. Influence of Submaximal isometric contractions
of the hamstrings on electromyography activity and force while
functioning as hip extensors. Isokinet Exerc Sci. 2021;29(3):291-
8.

Navarro-Flores E, Losa-Iglesias ME, Becerro-de-Bengoa-Vallejo
R, Lopez-Lopez D, Vilar-Fernandez JM, Palomo-Lopez P, et al.
Transcultural adaptation and validation of the Spanish Bristol
Foot Score (BFS-S). Aging Dis. 2018;9(5):861-8.

Lee N, Ahn J, Lim W. Concurrent and angle-trajectory validity and
intra-trial reliability of a novel multi-view image-based motion
analysis system. ] Hum Kinet. 2023;86(1):31-40.

Haynes EMK, Neubauer NA, Cornett KMD, O’Connor BP, Jones
GR, Jakobi JM. Age and sex-related decline of muscle strength
across the adult lifespan: a scoping review of aggregated data.
Appl Physiol Nutr Metab. 2020;45(11):1185-96.

De Ste Croix M, EINagar YO, Iga J, Ayala F, James D. The impact
of joint angle and movement velocity on sex differences in the
functional hamstring/quadriceps ratio. Knee. 2017;24(4):745-
50.

Esbjornsson ME, Dahlstrom MS, Gierup JW, Jansson ECh. Muscle
fiber size in healthy children and adults in relation to sex and
fiber types. Muscle Nerve. 2021;63(4):586-92.

Guilherme JPLF, Semenova EA, Borisov OV, Larin AK, Moreland
E, Generozov EV, et al. Genomic predictors of testosterone levels
are associated with muscle fiber size and strength. Eur J Appl
Physiol. 2022;122(2):415-23.

Trumble BC, Pontzer H, Stieglitz J, Cummings DK, Wood B, Emery
Thompson M, et al. Energetic costs of testosterone in two sub-
sistence populations. Am J Hum Biol. 2023;e23949.

Coté JN. A critical review on physical factors and functional char-
acteristics that may explain a sex/gender difference in work-re-
lated neck/shoulder disorders. Ergonomics. 2012;55(2):173-82.
Marshall PWM, Siegler JC. Lower hamstring extensibility in men
compared to women is explained by differences in stretch toler-
ance. BMC Musculoskelet Disord. 2014;15:223.

Nagai T, Sell TC, Abt JP, Lephart SM. Reliability, precision, and
gender differences in knee internal/external rotation propriocep-
tion measurements. Phys Ther Sport. 2012;13(4):233-7.

Lee S), Ren'Y, Kang SH, Geiger F, Zhang L-Q. Pivoting neuromus-
cular control and proprioception in females and males. Eur ) Appl
Physiol. 2015;115(4):775-84.

Steinberg N, Tenenbaum S, Zeev A, Pantanowitz M, Waddington
G, Dar G, et al. Generalized joint hypermobility, scoliosis, pa-
tellofemoral pain, and physical abilities in young dancers. BMC
Musculoskelet Disord. 2021;22(1):161.

Lim W. Sex Differences in repeatability of measurement for
hamstring strength during maximal voluntary contractions. J Ko-
rean Phys Ther Sci.. 2020;27(1):9-17.

Rodrigues LG, Vianna KB, de Oliveira NT, Chaves A de C, Seve-
ro-Silveira L, Ribeiro-Alvares JB, et al. Sex-related differences
in muscular factors previously identified in the literature as po-
tentially associated with hamstring strain injury in professional
football players. Sport Sci Health. 2022;

Williams DSB, Welch LM. Male and female runners demonstrate
different sagittal plane mechanics as a function of static ham-
string flexibility. Braz J Phys Ther. 2015;19(5):421-8.

Pincivero DM, Dixon PT, Coelho AJ. Knee extensor torque, work,
and EMG during subjectively graded dynamic contractions. Mus-
cle Nerve. 2003;28(1):54-61.

Godinho P, Nicoliche E, Cossich V, de Sousa EB, Velasques B,
Salles JI. Proprioceptive deficit in patients with complete

2 g



32.

33.

34,

35.

36.

37.

- -

Sex Difference in Absolute and Normalized Force at Four Different Isometric Contraction Intensities: A Cross-Sectional Study

tearing of the anterior cruciate ligament. Rev Bras Ortop.
2014;49(6):613-8.

Yu S, Lowe T, Griffin L, Dong XN. Single bout of vibration-induced
hamstrings fatigue reduces quadriceps inhibition and coactiva-
tion of knee muscles after anterior cruciate ligament (ACL) re-
construction. J Electromyogr Kinesiol. 2020;55:102464.
Stefanik JJ, Frey-Law L, Segal NA, Niu J, Lewis CE, Nevitt MC, et
al. The relation of peripheral and central sensitization to mus-
cle co-contraction: the MOST study. Osteoarthritis Cartilage.
2020;28(9):1214-9.

Buhmann R, Trajano GS, Kerr G, Shield A. Voluntary activation
and reflex responses after hamstring strain injury. Med Sci
Sports Exerc. 2020;52(9):1862.

Kim K, Choi B, Lim W. The efficacy of virtual reality assisted
versus traditional rehabilitation intervention on individuals with
functional ankle instability: a pilot randomized controlled trial.
Disabil Rehabil Assist Technol. 2019;14(3):276-80.

Del Vecchio A, Casolo A, Negro F, Scorcelletti M, Bazzucchi |,
Enoka R, et al. The increase in muscle force after 4 weeks of
strength training is mediated by adaptations in motor unit re-
cruitment and rate coding. ) Physiol. 2019;597(7):1873-87.
Enoka RM, Duchateau J. Rate coding and the control of muscle

TURKISH JOURNAL OF PHYSIOTHERAPY AND REHABILITATION 2024; 35(1)

38.

39.

40.

41.

42.

43.

force. Cold Spring Harb Perspect Med. 2017;7(10):a029702.
Oliveira AS, Negro F. Neural control of matched motor units
during muscle shortening and lengthening at increasing veloci-
ties. ) Appl Physiol. 2021;130(6):1798-813.

Mannion AF, Dolan P. Relationship between myoelectric and me-
chanical manifestations of fatigue in the quadriceps femoris
muscle group. Eur J Appl Physiol Occup Physiol. 1996;74(5):411-
9.

Kimpara H, Mbanisi KC, Li Z, Troy KL, Prokhorov D, Gennert
MA. Force anticipation and its potential implications on feed-
forward and feedback human motor control. Hum Factors.
2021;63(4):647-62.

Piscitelli D, Falaki A, Solnik S, Latash ML. Anticipatory postural
adjustments and anticipatory synergy adjustments: preparing
to a postural perturbation with predictable and unpredictable
direction. Exp Brain Res. 2017;235(3):713-30.

Proske U, Allen T. The neural basis of the senses of effort, force
and heaviness. Exp Brain Res. 2019;237(3):589-99.

Matsutani Y, Tahara K, Kino H. Set-point control of a musculo-
skeletal system under gravity by a combination of feed-forward
and feedback manners considering output limitation of muscu-
lar forces. ) Robot Mechatron. 2019;31(4):612-20.



