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MORPHOMETRIC CHARACTERISTICS OF THE VASTUS
LATERALIS MUSCLE OF THE QUADRICEPS GROUP OF THE
THIGH ACCORDING TO ULTRASOUND RESEARCH

The structure and distribution of muscles play a central role in
determining athletic performance, especially in sports involving speed
and strength.

Objective: To determine the volume of the vastus lateralis muscle
(part of the quadriceps femoris) in relation to sports orientation and
selection for professional football.

Materials and Methods: A total of 48 young men were studied,
including 16 players from the Ukrainian professional football team
“Universytet” (Chernivtsi), 16 first- and second-year students of the
Faculty of Physical Culture, Sports and Rehabilitation at Yuriy
Fedkovych Chernivtsi National University, and 16 first- and second-year
medical students of Bukovinian State Medical University. All
participants underwent morphometric assessment using ultrasound
imaging of the vastus lateralis muscle of the quadriceps femoris.
Measurements included length, width, and depth.

Results: In the upper third of the muscle, the volume in professional
football players was 14.3% greater than in students attending football
training and 39.3% greater than in control group students.

In the middle third, the muscle volume in professional football
players was 17.0% greater than in students attending football training
and 36.1% greater than in control group students.

In the lower third, the volume of the vastus lateralis in professional
football players was 19.2% greater than in students attending football
training and 44.5% greater than in control group students.

Conclusion: Ultrasound examination of the vastus lateralis muscle to
determine its volume in the upper, middle, and lower thirds has practical
significance for identifying sports orientation and selecting candidates
for professional football.
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MOP®OMETPUYHA XAPAKTEPUCTHUKA BIYHOI'O
I POKOI'O M’SI3A HOTHPUI'OJIOBOI'O M’SAI3A CTEI'HA
3A JAHUMMU YJIbTPA3ZBYKOBOT' O JOCJIIKEHHS

CTpyKkTypa Ta pO3MOALT M S3iB BiAIrpalOTh IICHTPaJbHY pPONb Y
BHU3HAYCHHI CIIOPTUBHUX PE3yNbTaTiB, OCOOJIMBO B BHAAX CIIOPTY, IO
BKJIIOYAIOTh IIBHAKICTH Ta CUITY.

Mera: 00’eMy  OI4HOTO IIMPOKOTO M si3a
YOTHPUTOJIOBOTO M’si3a CTETHa IIOJ0 CIOPTHBHOI OpieHTalii Ta Bigbopy

BCTaHOBJICHHA

y npodeciitauii pyrdo.

Marepianm Ta MeTOaH: IOCTiKCHO 48-M IOHAKIB, 3 HHUX 16
rpaBLiB KOMaHIU MaicTpiB copty Ykpainu 3 GpyT0ony «YHiBepcuTeT»,
M. YepniBui ta 16 crynentiB I-II kypciB dakynbrery ¢izuuHOi
KyJIbTYpH, CHOpPTy Ta peaOimitamii YepHiBeHFKOTO HAI[IOHAIEHOTO
yHiBepcurery imeni FOpis @empkoBrmua i 16 crynenriB I-II kypcis
MEeOUYHUX (aKylIbTeTiB BYyKOBHHCBKOTO JEp)KaBHOTO MEIMYHOTO
yVHIBepcHTETy. YcCIM TpOBEACHO MOP(HOMETPUIHE IOCTIIKCHHSI 3a
JOTIOMOTOI0  yJIbTPa3BYKOBOi JMIarHOCTHKH OIYHOTO IIMPOKOTO M’si3a
YOTHPUTOJIOBOTO M’si3a CTerHa. BCTaHOBNIOBaNM NOBXKWHY, IIHPHHY Ta
IMOUHY.

3a  pesyabTaTaMu

00’eMy  GIYHOTrO

YOTHPUIOJIOBOTO M’si3a CTErHa B BEPXHIH TPETHHI BCTAHOBJIEHO, IO

HOIMPOKOTO  M’si3a

00’eM M’s13a npodeciitnux GpyTOomicTiB Oinbmuii Ha 14,3 % Bix 00’emy
M’si3a CTYHEHTIB, SKi BiIBiAyBamu cexmiro 3 ¢pyrdory ta Ha 39,3 % Big
00’eMy M’s13a CTYICHTIB KOHTPOJBHOI rpynu. 3a pe3yiabTaTaMu 00’ eMy
01YHOTO IMPOKOTO M’s32 YOTHPHUIOJOBOTO M’si3a CTE€THA B CEpelHid
TPETHHI BCTaHOBJIEHO, IO 00’eM M’s3a TpodeciHHuX QyTOOMICTIB
Ooimprmit Ha 17,0 % Bim 00’eMy M’s3a CTYICHTIB, sKi BiJBiTyBaau
cekiito 3 ¢yrbomy ta Ha 36,1 % Big 00’eMy M’si3a CTYACHTIB
KOHTPOJILHOT rpynu. 3a pe3ysibTaTaMu 00’ €My OIYHOTO HIMPOKOTro M’si3a
YOTHPUIOJIOBOTO M’si3a CTETHAa B HIDKHIM TPETHHI BCTAHOBJICHO, IO
00’eM OIYHOTO IIMPOKOrO M’si3a YOTHPHUIOJIOBOIO M’s3a CTerHa B
HIDKHIH TpeTuHi mpodeciitnux ¢yrtoomictiB Ha 19,2 % Oinbuiui,
MOPIBHAHO 31 CTYINCHTaMH, sKi BiIBiqyBadu cekmito 3 ¢yrOomy Ta Ha
44,5 % Bin 00’eMy M’s13a CTYJICHTIB KOHTPOJILHOT IPyTIH.

[TincymoByroun, MoXHa 3pOOMTH BHMCHOBOK, IO YJBTPa3ByKOBE
JIOCTIJKSHHS ITUPOKOT0 OIYHOTO M’si3a CTETHA JIJIs BU3HAYCHHS 00’ €My
B BEpXHIH, cepeiHill Ta HIDKHIA TPETHHI Ma€ NpaKTUYHE 3HAYECHHS 3
METOI0 BU3HAYEHHS CIIOPTHBHOI OpieHTAIl Ta Bindopy y mpodeciitamii
hyToomI.

Kuaw4oBi cjoBa: HIWKHS KiHIIIBKA, CKEJICTHI M’S3d, M s3H,
aHaToMisi, MOp(oMeTpisi, yIbTPa3ByKOBE JOCHIKEHHS, CIIOPTCMEHH,
CTY/ICHTH, JIFOJIUHA.

Aemop, éionogidanvnuii 3a rucmysannn: Ceimnana Kapameeea, k.m.H., doyenm kageopu npogheciiino-opieHmosanux
oucyunnin, [IBH3 «Xapxiecokuti MisicHapoOHUtl meOuuHull yHieepcumemy, Xapkis, Yxpaina
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INTRODUCTION

The muscle structure and distribution play a central
role in determining athletic performance, especially in
sports involving speed and power [5, 6].

The four thigh muscles that make up the quadriceps
femoris are responsible for allowing players to sprint or
maintain a steady run during a game. The development
of these muscles makes players faster and also provides
more power for kicking [10-14].

It is known that to achieve a certain level of success
in sports, in addition to studying biometric,
anthropometric indicators and the development of
biomechanical technologies, morphometry is important
for planning future sports achievements. It should be
noted that in the field of sports, information about
muscle morphology is very valuable for diagnosis or
follow-up studies after treatment or training [1-4].

The ultrasound imaging is a tool commonly used to
visualize soft tissue structures, allowing for the
quantitative determination of muscle size and structure.
These morphological variables are important
determinants of muscle strength and range of tension
force [7-9].

So, ultrasound examination of the vastus lateralis
quadriceps muscle to establish the morphometric
parameters of this muscle in football players for
recommendations on sports selection is relevant and
requires further study.

There are almost no works devoted to the study of
the morphometric parameters of the vastus lateralis
quadriceps muscle using ultrasound.

MATERIALS AND METHODS

The study was conducted on 48 young men aged 16
to 18. The main group consisted of 32 young men, of
whom Group I — 16 players of the team of masters of
sports of Ukraine in football "University", Chernivtsi
and Group II — 16 students of the I-II courses of the

Faculty of Physical Culture, Sports and Rehabilitation
of Yuriy Fedkovych Chernivtsi National University.
Group III — a control group, which consisted of 16
students of the I-1I courses of the medical faculties of
Bukovina State Medical University.

The respondents of the main group were practically
healthy young men — masters of sports of Ukraine, who
systematically trained and participated in the
championships of Ukraine among higher educational
institutions, under the guidance of the team coach and
student-football players, who, in addition to the physical
activity that was part of the program of their specialty,
attended football sections.

The subjects of the control group were also
practically healthy young men who were loaded with
hours of physical education, according to the program
of their specialty and did not do any additional sports.

The selection of subjects was carried out according
to general anthropometric parameters (total and partial).

The average body weight of the subjects was
78.50+2.26 kg, height — 180.40+2.36 cm.

All respondents underwent a morphometric study
using ultrasound diagnostics of the vastus lateralis
muscle of the quadriceps femoris. The length, width and
depth were determined. The length was determined
from the lower part of the greater trochanter, the upper
segment of the interacetabular line, the ischial
tuberosity, the upper segment of the lateral lip of the
rough line and the lateral intermuscular membrane to
the common tendon of the quadriceps muscle. The
width was determined between the edges in the widest
part of the muscle. The depth was determined in the
upper, middle and lower thirds of the muscle.

The Tables 1, 2, 3 for each group display the mean,
95% confidence interval limits for the mean (lower,
upper), standard deviation (SD), and standard error (SE).

Table 1 — Mean values of m. vastus lateralis volume in the upper third (mm?)

Group Mean lower Upper SD SE

I 1716747 1688934.9 1744560 74483.43 13598.75
11 1383190 1324319.8 1442061 1576558.03 28784.29
I 1104279 982801.2 1225757 336934.94 59562.24
Table 2 — Mean values of m. vastus lateralis volume in the middle third (mm?)

Group Mean lower Upper SD SE

I 1328522 1302357 1354687 70071.2 12793.19
11 1295277 1243182 1347372 144492.4 25542.90
I 1184121 1072561 1295681 298763.5 54546.50
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Table 3 — Mean values of m. vastus lateralis volume in the lower third (mm?)

Group Mean lower Upper SD SE

I 973530.7 853995.8 1093066 331545.52 58609.52
11 936896.1 853446.5 1020346 223482.0 40802.04
111 773532.0 673384.0 873680 268201.3 48966.63

Note: I group — professional football players; Il group — students who attended the football section; III group — control

group

To identify significant differences in mean volume
values between groups of respondents, one-way analysis
of variance (one-way ANOVA) was used.

RESULTS. The results of the average values of the
volume of the vastus lateralis muscle in the upper,
middle and lower third (mm?), for each group reflect the
average value (mean), the limits of the 95% confidence
interval for the mean (lower, upper), the standard
deviation (SD), and the standard error (SE).

According to our data on ultrasound of the vastus
lateralis muscle of professional football players,
students who attended the football section and the
subjects of the control group, it was established that the
echostructure of the vastus lateralis muscle in the
subjects of all groups is not disturbed, the echogenicity
is normal, the blood flow is normal, and the acoustic
density is normal.

According to the results of the study, it was found
that the average value of the volume of the vastus
lateralis muscle in the upper third for the first group is
1716747 mm?, the 95% confidence interval for the
average is (1688934.9; 1744560) and this means that
with a probability of 95%, the value of the volume of
the vastus lateralis muscle in the upper third for the new
study participants from among professional football
players will be in the range from 1688934.9 to 1744560
mm?. The average value of the volume of the vastus
lateralis muscle in the middle third for the first group is
13285522 mm?®, the 95% confidence interval for the
average is (1302357; 1354687) and this means that with
a probability of 95% we can state that the value of the
volume of the vastus lateralis muscle in the middle third
for the new subjects from among professional football
players will be in the range from 1302357 to
1354687 mm?>.

Also, the average value of the volume of the vastus
lateralis muscle in the lower third for the first group is
973530.7 mm?, the 95% confidence interval for the
average is (853995.8; 1093066.3) and this means that
with a probability of 95% we can state that the value of
the volume of the vastus lateralis muscle in the lower
third for the new subjects from among professional
football players will be in the range from 853995.8 to
1093066.52 mm?. The results of the study showed that

the average value of the volume of the vastus lateralis
muscle in the upper third for the second group is
1383190 mm?, the 95% confidence interval for the
average is (1324319.8; 1442061) and this means that
with a probability of 95% we can state that the value the
volume of the vastus lateralis muscle in the upper third
for new subjects from among students who attended the
football section will be in the range from 1324319.8 to
1442061 mm?®. The average value of the volume of the
vastus lateralis muscle in the middle third for the II
group is 12952774 mm?, the 95% confidence interval
for the average is (1243182; 1347372) and this means
that with a probability of 95% we can state that the
value of the volume of the vastus lateralis muscle in the
middle third for new subjects from among students who
attended the football section will be in the range from
1243182 to 1347372 mm3.

Also, the average value of the volume of the vastus
lateralis muscle in the lower third for group II is
936896.1 mm?, the 95% confidence interval for the
average is (853446.5; 1020346) and this means that
with a probability of 95% we can state that the value of
the volume of the vastus lateralis muscle in the lower
third for the new subjects from among the students who
attended the football section will be in the range from
853446.5 to 1020346 mm?>.

According to the results of the study, it was found
that the average value of the volume of the vastus
lateralis muscle in the upper third for the control group
is 1104279 mm?, the 95% confidence interval for the
average is (982801.2; 1225757) and this means that
with a probability of 95% we can state that the value of
the volume of the vastus lateralis muscle in the upper
third for the new subjects from among the students of
the control group will be in the range from 982801.2 to
1225757 mm?®. The average value of the volume of the
vastus lateralis muscle in the middle third for students in
the control group is 1184121 mm3, the 95% confidence
interval for the average is (1072561; 1295681) and this
means that with a probability of 95% we can state that
the value of the volume of the vastus lateralis muscle in
the middle third for new subjects from among students
in the control group will be in the range from 1072561
to 1295681 mm?.
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Also, the average value of the volume of the vastus
lateralis muscle in the lower third for students in the
control group is 773532.0 mm?, the 95% confidence
interval for the average is (673384.0; 873680) and this
means that with a probability of 95% we can state that
the value of the volume of the vastus lateralis muscle in
the lower third for new subjects from among students in
the control group will be in the range from 673384.0 to
873680 mm?>.

One-way analysis of variance showed that there is a
statistically significant difference in the mean values of
the assessment of the volume of the vastus lateralis
muscle in the upper third between the groups (FWelch
(2,48.71) =94.72, p < 0.001).

The value of w2p = 0.78, 95% CI = (0.69; 1), shows
that the volume of the vastus lateralis muscle in the
upper third has a strong effect on the groups of subjects

(Fig. 1).

The volume of m.vastus lateralis in the upper third
Foewen(2, 48.71) = 94.72, p = 1.648-17, 127 = 0.78, Closs, [0.69, 1.00], Noey = 52
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Fig. 1. The difference between the mean values of the assessment of the vastus lateralis muscle volume in the

upper third

For interpretation, the Discovering Statistics Using
IBM SPSS Statistics scale was used: ES < 0.01 — Very
small, 0.01<=ES < 0.06 — Small, 0.06<=ES <0.14 —
Medium, ES>=0.14 — Large.

As a result of the Games-Howell post hoc test, it was
found that the average value of the volume of the vastus
lateralis muscle in the upper third was significantly
different between groups I and II (p=>0,05), I and III
(p<0.001), IT and III (p=0.02).

One-way analysis of variance showed that there was
a difference in the mean values of the assessment of the
volume of the vastus lateralis muscle in the middle third
between the two groups (FWelch (2,48.85) = 3.68, p =
0.03).

The value of w2p = 0.09, CI = (0.00; 1.00), shows
that the volume of the vastus lateralis muscle in the
middle third also has an effect on the groups of
respondents (Fig. 2).

Feen(2, 48.85) = 3,68, p = 0.03, o7

The volume of m.vastus laterilis In the middle third

3

0.09, Closs, [0.00, 1,00], Neus

i 4

92

SAOUS SO POMON-SIWIEY) 153 JEeURg

egubes

¥

|
Group

Fig. 2. The difference between the mean values of the assessment of the vastus lateralis muscle volume in the

middle third

411



Eastern Ukrainian Medical Journal. 2026;14(2):407-414

As a result of the Games-Howell post hoc test, it was
found that the mean value of the volume of the vastus
lateralis muscle in the middle third was significantly
different between groups I and III (p < 0.001), II and III
(p <0.001).

One-way analysis of variance showed that there is a
difference in the mean values of the assessment of the

volume of the vastus lateralis muscle in the lower third
between the two groups (FWelch (2,58.47) = 4.45, p =
0.02).

The value of w2p = 0.10, CI = (1.37e-03, 1.00),
shows that the volume of the vastus lateralis muscle in
the lower third also has an effect on the two groups of
subjects (Fig. 3).

1250000 -

1000000 -

750000

L

500000 -

The volume of m.vastus lateralis in the lower third

Fivelch(2, 58.47) = 4.45, p =0.02, 07 = 0.10, Clgss; [1.37€-03, 1.00], Nops = 92
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Fig. 3. The difference between the mean values of the assessment of the vastus lateralis

lower third

As a result of the Games-Howell post hoc test, it was
found that the mean value of the volume of the vastus
lateralis muscle in the lower third was significantly
different between groups I and III (p < 0.001), IT and III
(p=0,05).

So, according to the results of the volume of the
vastus lateralis muscle in the upper third, there is
obviously a difference between professional football
players and students who attended the football section,
where a larger volume in the upper third is noted in
professional football players by 19.2%, compared to
students who attended the football section, and there is
also a difference between professional football players
and the control group, where a larger volume of the
vastus lateralis muscle in the upper third is noted in
professional football players by 35.7%, compared to the
control group.

Also, there is a difference between students who
attended the football section and the control group,
where a larger volume of the vastus lateralis muscle in
the upper third is noted in students who attended the
football section by 20.2%, compared to students in the
control group.

According to the results of the volume of the vastus
lateralis muscle in the middle third, there is also a small
difference between the groups, namely, in professional
football players, the volume of the vastus lateralis
muscle in the middle third is 2.5% larger than in
students who attended the football section and 10.9%

muscle volume in the

larger than in students in the control group. There is a
difference between groups II and III, where the volume
of the vastus lateralis muscle in the middle third of
students who attended the football section is 8.6% larger
than in students in the control group.

According to the results of the volume of the vastus
lateralis muscle in the lower third, there is an obvious
difference between professional football players and
students who attended the football section, where the
volume of the vastus lateralis muscle in the lower third
in professional football players is 3.8% larger than in
students who attended the football section and 20.5%
larger than in students in the control group, and in
students who attended the football section, the volume
of the vastus lateralis muscle in the lower third is 17.4%
larger than in students in the control group.

DISCUSSION

In our opinion, during sports selection, it is
recommended to take into account the morphometric
characteristics of the vastus lateralis muscle using
ultrasound, since the load on it during football is also
quite large.

What do the results of our study show: it was found
that the volume of the vastus lateralis muscle in the
upper third for professional football players is
1716747+74483.43 (if using SD) or 1716747+13598.75,
if using SE. in the middle third is 1328522+70071.2 (if
using SD) or 13285224+12793.19, if using SE and in the
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lower third is 973530.7£331545.52 (if using SD) or
973530.7+£58609.52, if using SE.

Also, the volume of the vastus lateralis muscle in the
upper third for students who attended the football
section is 1716747+74483.43 (if using SD) or
1716747+13598.75 if using SE, in the middle third is
1295277+144492 .4 (if using SD) or 1295277+25542.90
if using SE and in the lower third is 936896.1+223482.0
(if using SD) or 936896.1+40802.04 if using SE.

Also, the volume of the vastus lateralis muscle in the
upper third for the control group is 1104279+336934.94
(if using SD) or 1104279459562.24, if using SE. in the
middle third is 1184121£298763.5 (if using SD) or
1184121454546.50, if using SE and in the lower third is
773532.0+£268201.3 (f using SD) or
773532.0+48966.63, if using SE.

So, it was found that the largest volume of the vastus
lateralis muscle is in professional football players and
students who attended the football section, and the
smallest volume of the vastus lateralis muscle is in the
control group.

In summary, it can be concluded that ultrasound
examination of the vastus lateralis muscle to determine
the volume in the upper, middle, and lower thirds has
practical value in terms of recommendations for
determining sports
professional football.

CONCLUSIONS

1. According to the results of the volume of the
vastus lateralis muscle of the quadriceps femoris in the
upper third, it was found that the muscle volume of

orientation and selection for

professional football players is 19.2% larger than the
muscle volume of students who attended the football

PROSPECTS FOR FUTURE RESEARCH

section and 35.7% larger than the muscle volume of
students in the control group.

2. By comparison, it was found that the volume of
the vastus lateralis muscle of the quadriceps femoris in
the upper third is 20.2% larger in students who attended
the football section compared to students in the control
group.

3. According to the results of the volume of the
vastus lateralis quadriceps muscle in the middle third, it
was found that the muscle volume of professional
football players is 2.5% larger than the muscle volume
of students who attended the football section and 10.2%
larger than the muscle volume of students in the control
group.

4. By comparison, it was found that the volume of
the vastus lateralis quadriceps muscle in the middle
third of students who attended the football section is
8.6% larger, in contrast to the volume of the vastus
lateralis quadriceps muscle of students in the control
group.

5. According to the results of the volume of the
vastus lateralis muscle of the quadriceps muscle in the
lower third, it was found that the volume of the vastus
lateralis muscle of the quadriceps muscle in the lower
third of professional football players was 3.8% larger
than that of students who attended the football section
and 20.5% larger than that of the muscle of students in
the control group.

6. By comparison, it was found that the volume of
the vastus lateralis muscle of the quadriceps muscle in
the lower third of students who attended the football
section was 17.4% larger than that of students in the
control group.

Further study of anthropometric and morphometric parameters of athletes using ultrasound to solve selection and

sports orientation problems.

AUTHOR CONTRIBUTIONS

All authors substantively contributed to the drafting of the initial and revised versions of this paper. They take full

responsibility for the integrity of all aspects of the work.

FUNDING

This study received no external funding.

CONFLICT OF INTEREST

The authors have no conflict of interest to declare.

ARTIFICIAL INTELLIGENCE DISCLOSURE

No artificial intelligence (AI) technology was used in the writing or editing of this manuscript.

413



Eastern Ukrainian Medical Journal. 2026;14(2):407-414

comparison the lower extremities length in students
education in higher institutions. Wiadomosci
Lekarskie. 2024; LXXVII (3): 456-461.
https://doi.org/10.36740/WLek202403113

REFERENCES
Haiovych V.V. [Peculiarities of structural changes in 8. Kerr A, Slater G. Impact of food and fluid intake on
skeletal muscles of limbs during experimental technical and biological measurement error in body
denervation]. Visnyk ortopedii, travmatolohii ta composition assessment methods in athletes. British
protezuvannia. 2014; 4: 41-47. Journal of Nutrition. 2017: 117; 591-601.
Ezeiza J, Tam N, Torres-Unda J, Granados C, Santos- https://doi.org/10.1017/S0007114517000551
Concejero J. Anthropometric characteristics of top- 9.  Masanovic B, Bavcevic T, Bavcevic . Comparative
class Olympic race walkers. Journal of Sports Study of Anthropometric Measurement and Body
Medicine and Physical Fitness. 2019; 59(3): 429-433. Composition between Junior Soccer and Volleyball
https://doi.org/10.23736/50022-4707.18.08363-9 Players from the Serbian National League. Sport Mont
Gardasevic J, Bjelical D, Vasiljevic I, Corluka M, 2019; 17 (1): 9-14.
Arifi F, Sermaxhaj S. Morphological Characteristics https://doi.org/10.26773/smj.190202
and Body Composition of the Winners of the Soccer 10. Pavlovi¢ R, Mihajlovi¢ I, Radulovié¢ N, Nikoli¢ S.
Cup of Bosnia and Herzegovina and Kosovo. Sport Anthropometric parameters of elite male runners
Mont 2020;18 (1): 103-105. DOI sprint: are body height and body weight good
10.26773/smj.200219 predictors of results. Health, sport, rehabilitation.
Gusic M, Popovic S, Masanovic B, Radakovic M. 2022; 8(3): 64-74
Sport-specific morphology profile: differences in https://doi.org/10.34142/HSR.2022.08.03.05
anthropometric characteristics among elite soccer and 11. Thomas D, Erdman K, Burke L. American College of
handball players. Sport Mont 2017; 15 (1): 3—6. Sports Medicine joint position statement. Nutrition
http://www.sportmont.ucg.ac.me/clanci/SM_februar 2 and athletic performance. Medicine and Science in
017 Gusic.pdf Sports and Exercise. 2016; 48(3); 543-568.
Hyka A, Bicoku E, Mysliu A, Cuka A. The https://doi.org/10.1249/MSS.0000000000000852
Association of Sprint Performance with 12.  Vujkov S, Casals C, Krneta Z, Drid P. Ultra short-term
Anthropometric Parameters in Youth Soccer Players. heart rate recovery after maximal exercise in two
Sport Mont. 2017; 15 (1): 31-33. different body positions in elite male judokas
http://www.sportmont.ucg.ac.me/clanci/SM_februar 2 compared to students of the sport faculty. Sport Mont.
017_Hyka.pdf 2016; 14 (1): 7-11.
Karatieieva SYu, Slobodian OM, Tsurkan IM, http://www.sportmont.ucg.ac.me/clanci/SM_feb 2016
Kozlovska GO, Grodetskyy VK. Comparative Vujkov.pdf
morphometric characteristics of the rectus femoris 13. Wakahara T, Ema R, Miyamoto N, Kawakami Y.
muscle of the hipaccording to the data of the Inter- and intramuscular differences in training-
ultrasound study. World of Medicine and Biology. induced hypertrophy of the quadriceps femoris:
2024; 2(88): 71-76. https://doi.org/10.26724/2079- association with muscle activation during the first
8334-2024-2-88-71-76 training session. Clin. Physiol. Funct. Imaging. 2015;
Karatieieva SYu, Slobodian OM, Moseychuk YuYu, 37(4):405-412. https://doi.org/10.1111/cpf. 12318
Muzyka NYa, Slobodian KV, Moroz O O. Dynamic 14.  Weide G, Zwaard S, Huijing A, Jaspers T. 3D

Ultrasound Imaging: Fast and Cost-effective
Morphometry of Musculoskeletal Tissue. J Vis Exp.
2017:129; 55943. https://doi.org/10.3791/55943

Received: 17.06.2025
Accepted for publication: 26.11.2025
Published: 23.06.2026

414


https://doi.org/10.23736/S0022-4707.18.08363-9
http://www.sportmont.ucg.ac.me/clanci/SM_februar_2017_Gusic.pdf
http://www.sportmont.ucg.ac.me/clanci/SM_februar_2017_Gusic.pdf
http://www.sportmont.ucg.ac.me/clanci/SM_februar_2017_Hyka.pdf
http://www.sportmont.ucg.ac.me/clanci/SM_februar_2017_Hyka.pdf
https://doi.org/10.26724/2079-8334-2024-2-88-71-76
https://doi.org/10.26724/2079-8334-2024-2-88-71-76
https://doi.org/10.36740/WLek202403113
https://doi.org/10.1017/S0007114517000551
https://doi.org/10.26773/smj.190202
https://doi.org/https:/doi.org/10.34142/HSR.2022.08.03.05
https://doi.org/10.1249/MSS.0000000000000852
http://www.sportmont.ucg.ac.me/clanci/SM_feb_2016_Vujkov.pdf
http://www.sportmont.ucg.ac.me/clanci/SM_feb_2016_Vujkov.pdf
https://doi.org/10.1111/cpf.12318
https://doi.org/10.3791/55943

