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MORPHOMETRIC CHARACTERISTICS OF THE VASTUS MEDIALIS
MUSCLE OF THE QUADRICEPS FEMORIS MUSCLE OF THE THIGH
ACCORDING TO THE DATA OF THE ULTRASOUND STUDY

MOPOPOMETPUYHA XAPAKTEPUCTHUKA ITPUCEPEJIHBOI'O
HINUPOKOI'O M’A3A YOTUPUT'OJIOBOI'O M’A3A CTEI'HA 3A
JAHUMMU YIBTPAZBYKOBOTI'O JOCJ/IIKEHHSA

Pe3tome. 3 meToro MOp(HOMETPHUYHOTO TMTOPIBHIHHAS 00’ €My MPHUCEPETHBOTO MTUPOKOTO M’ 5332 YOTHPUTOJIOBO-
ro M’si3a cTerHa JociikeHo 48 roHaKiB, BikoM Bif 16 10 18 pokiB, e OCHOBHY TPYIy CTaHOBJISTE 32, KOHTP-
ONbHY — 16 CTyaeHTiB.

Y pe3ynbTari IpoBeAeHOTO TIOPIBHAHAS MOP(OOMETPHYHUX TTapaMeTPiB MPUCEPETHHOTO MIMPOKOTO M s13a Y0-
THPHUTOJIOBOTO M’s13a CTETHA 33 JAHWMH YIBTPa3BYKOBOTO JOCIIIKCHHSI BCTAHOBJICHO, IO 00’ €M M’s13a TIPO-
¢eciitnux ¢yroomcriB 6inpmmi Ha 14,3% Bix 00’eMy M’s3a CTYAEHTIB, AKi BiIBIAyBaJU CEKIi0 3 (yTOOIY
ta Ha 39,3% Big 00’ eMy M’s13a CTYJICHTIB KOHTPOJIBHOT IPYIIH, @ TAKOXK BCTAHOBJICHO, 1110 00’ €M IIPUCEPEIHBO-
T'O IIUPOKOTO M’ 5138 YOTHPHUTOIOBOTO M 533 CTETHA B BEPXHil TPETHHI OUTBIINI Y CTYACHTIB, sIKi BiJBiAyBaIn
cekuito 3 gpyroomy Ha 29,2% MOPIBHAHO 31 CTYIEHTaMU KOHTPOJIBHOI TPYITH.

3a pesynbTaraMu 00’ €My IpUCEPEIHBOTO IIMPOKOTO M’ 5132 YOTHPUTOIOBOTO M 5I3a CTETHA B CepeNHill TpeTHHI
BCTaHOBJICHO, 110 00’ eM M’s13a podeciitnux ¢pyTdomicTiB O6inbmuit Ha 17,0% Big 00’ eMy M’s13a CTYIEHTIB, SIKi
BiJBiAyBanu cekuiro 3 pyTOomy Ta Ha 36,1% Big 06’ eMy M’s3a CTYACHTIB KOHTPOJILHOT TPYIH, a TAKOXK BCTa-
HOBJICHO, 10 00’ €M MPUCEPETHHOTO ITMPOKOTO M 532 YOTHPHUTOJIOBOTO M’s3a CTETHA B CEPEIHIN TPETHHI CTy-
JIeHTIB, sIKi BiABiyBaM cexuiro 3 pyTodoiy Ha 23,0% Oinplinii, Ha BiAMiHY BiJ 00’ €My IpUCEPEAHBOIO LIUPO-
KOTO M’s13a2 YOTHPHUTOJIOBOTO M’s[3a CTE€THA CTYACHTIB KOHTPOJILHOT IPYIIH.

3a pesyasTaraMu 00’ €My MPUCEPETHBOTO MMHUPOKOTO M’ 5132 YOTHPUTOIOBOTO M s13a CTETHA B HIDKHIN TPETHHI
BCTAHOBJICHO, II0 00’ €M MPHUCEPETHHOTO MMUPOKOTO M 538 YOTHPHUTOIIOBOTO M’s13a CTETHA B HIKHIN TpeTHHI
npodeciitanx GpyToomictiB Ha 19,2% OUILIINHN, TOPIBHSIHO 31 CTYACHTaMH, SKi BiJIBIIyBaJU CeKIito 3 GyTooIry
Ta Ha 44,5% Bix 00’ €My M 5132 CTYJICHTIB KOHTPOJIBHOI TPYIIH, & TAKOXK BCTAHOBJICHO, IO 00’ €M TIpUCEPETHBO-
ro OIMPOKOTO M’sI32 YOTHPHUTOJIOBOTO M’si3a CTETHA B HW)KHIN TPETHHI y CTYJCHTIB, K1 BiJBILyBaJll CEKIIiI0
3 (hyTOomy Ha 31,3% Oinbiuuii, HOPIBHAHO 31 CTYACHTAMH KOHTPOJIBHOI TPYIIH.

Ki1r04oBi cioBa: HWKHS KiHIIBKA, CKENETHI M 513U, M 513U, aHATOMisl, MOP(OMETpisl, YIbTpa3ByKOBE JOCITi-
JDKEHHS, CIIOPTCMEHH, JIOMHA.

It is known that in order to achieve a certain
success in sports, in addition to studying biometric,

The ultrasound imaging is a tool commonly
used to visualize soft tissue structures, which allows

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
further studies after treatment or training [1-4].

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

for the quantitative determination of muscle size
and structure. These morphological variables are
important determinants of muscle strength and range
of tension [7-9].

It is the four thigh muscles that make up the
quadriceps femoris that allow 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 [10-15].
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So, ultrasound examination of the vastus medialis
quadriceps femoris muscle in order 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 studies on the morphometric
parameters of the vastus medialis quadriceps femoris
muscle using ultrasound.

The purpose of the study was to establish
the volume of the vastus medialis muscle of the
quadriceps femoris muscle in order to determine sports
orientation and selection for professional football.

Material and methods. The study was
conducted on 48 young men aged 16 to 18. The
main group consists 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-1I 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-II 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.

Also, apart from playing football, the subjects of
the main group did not engage in other sports.

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

All respondents underwent a morphometric study
using ultrasound diagnostics of the vastus medialis
muscle of the quadriceps muscle of the thigh using the
VolusonTM E 10 device (Austria), in 2D linear sensor
mode, at the Bazismed medical center in Chernivtsi.
The length, width and depth (in the upper, middle and
lower thirds) were determined.

The length of the medial vastus quadriceps
femoris muscle was determined from the lower
segment of the interacetabular line and the adjacent
part of the anterior surface of the femur, the medial lip
of the rough line and the medial intermuscular septum
of the thigh to the common tendon of the quadriceps
femoris 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 (Fig. 1).

Fig. 1. Frontal section of the thigh of a young man D., 18 years old. Ultrasound was used to examine the structure of the
vastus medialis muscle of the quadriceps femoris, namely its echogenicity, echostructure, blood flow, and acoustic density

Tables 1, 2, 3 (volume of the vastus medialis
muscle of the quadriceps femoris in the upper,
middle and lower third (mm*3), for each group
display the mean (mean), 95% confidence interval
limits for the mean (lower, upper), standard
deviation (SD), and standard error (SE). A vertical

height meter was used to measure height. Body
weight (weighing) was carried out on floor scales
(electronic).

One-way ANOVA was used to identify
significant differences in mean volume values between
groups of respondents.
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Table 1
Mean values of m. vastus medialis of the quadriceps femoris muscle in the upper third (mm*3)
Group Mean lower Upper SD SE
I 1246711.2 1118600.0 1374822.4 343088.19 62639.05
1T 1068139.1 1046755.6 1089522.6 57266.06 10455.30
1 756440.3 667224.2 845656.4 247452.33 43743.80
Group I — professional football players;
Group II — students who attended the football section;
Group III — control group.
Table 2
Mean values of m. vastus medialis of the quadriceps femoris muscle in the middle third (mm*3)
Group Mean lower Upper SD SE
I 1042325.5 934962.8 1149688.2 287522.60 52494.20
1T 865596.9 834342.6 896851.3 83700.72 15281.59
I 666458.8 626125.0 706792.7 111871.24 19776.23
Group I — professional football players;
Group II — students who attended the football section;
Group III — control group.
Table 3
Mean values of m. vastus medialis of the quadriceps femoris muscle in the lower third (mm~*3)
Group Mean lower Upper SD SE
I 1023318.1 841067.5 1205568.8 488076.17 89110.11
1T 826649.7 797781.7 855517.8 77310.17 14114.84
I 567742.6 510636.3 624848.9 158391.76 27999.97

Group I — professional football players;
Group II — students who attended the football section;
Group III — control group.

Results of the study and their discussion. After
conducting a search for scientific works in the field of
morphometric research of the vastus medialis muscle
of the quadriceps femoris muscle of football players,
using ultrasound research, it was concluded that there
are very few scientific works in this area.

Gayovich V. V. (2014), studied, using ultrastructural
studies, the features of denervation processes in the
muscles of the limbs, as well as the reason for the greater
tolerance of the muscles of the limbs to denervation in
the experiment. Morphometric analysis was performed
on electron micrographs by studying morphometric
indicators (cross-sectional area of muscle fibers as an
indicator of their edema and dystrophy; number of muscle
fiber nuclei (myonuclei); area of muscle fiber nuclei as
a marker of hypotrophic changes; cross-sectional area
of structural elements of the microcirculatory bed as
an indicator of changes in regional microcirculation of
satellite cells, destruction of sarcomeres of contractile
myofibrils and dilation of hemocapillaries and venules
of the muscle). As a result of the study, denervation
processes were accompanied by replacement of the
denervated muscle with stromal elements [1].

According to our ultrasound data of the medial
vastus medialis muscle of the quadriceps muscle of
the thigh of professional football players and the

subjects of the control group, it was found that the
echostructure of the medial vastus medialis muscle of
the thigh in respondents of all groups is not disturbed,
echogenicity is normal, blood flow is normal, and
acoustic density is normal.

So, according to the results of the study, it was
found that the average value of the volume of the
medial vastus medialis muscle of the thigh in the
upper third for the first group is 1246711.2 mm~"3, the
95% confidence interval for the average is (1118600.0;
1374822.4) and this means that with a probability of
95%, the value of the volume of the medial vastus
medialis muscle of the thigh in the upper third for new
subjects from among professional football players will
be in the range from 1118600.0 to 1374822.4 mm"3.

So, it was found that the value of the
volume of the vastus medialis muscle of the
thigh in the upper third for professional football
players is 1246711.2+343088.19 (if using SD) or
1246711.2+62639.05 if using SE.

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
medialis muscle of the quadriceps femoris in the upper
third between the groups

(F e, (2,43.08) = 28.32,p < 0.001).
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The value of @2p = 0.54, 95% CI = (0.36; 1.00),
shows that the volume of the vastus medialis muscle

of the quadriceps femoris in the upper third has
a strong effect on the groups of subjects (Fig. 2).

The volume of m.vastus medialis in the upper third

Fvelch(2, 43.08) = 28.32, p = 1.41e-08, 0)5 =0.54, Clgse, [0.36, 1.00], nops =92
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Fig. 2. The difference between the mean values of the assessment of the vastus medialis of the quadriceps femoris
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 aresult of the Games-Howell post hoc test, it was
found that the average value of the volume of the vastus
medialis muscle of the quadriceps femoris muscle in the
upper third differed significantly between groups I and 11
(p<0.001), T and I1I (p<0.001), Il and 11T (p=0.02) (Fig. 3).

One-way analysis of variance showed that there
was a difference in the mean values of the assessment
of the volume of the vastus medialis quadriceps
muscle in the middle third between the two groups
(F o (2,53.14) = 42.09, p = 1.11e-11).

The value of w2p = 0.59, CI = (0.45; 1.00), shows
that the volume of the vastus medialis quadriceps
muscle in the middle third also has an effect on the
groups of respondents (Fig. 3).

The volume of m.vastus medialis in the middle third
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Fig. 3. The difference between the mean values of the assessment of the vastus medialis of the quadriceps femoris
muscle volume in the middle third
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As a result of the Games-Howell post hoc test,
it was found that the mean value of the volume of the
vastus medialis quadriceps muscle in the middle third
was significantly different between groups I and III
(p <0.001), IT and III (p < 0.001).

One-way analysis of variance showed that there
was a difference in the mean values of the volume

assessment of the vastus medialis quadriceps muscle
in the lower third between the two groups (FWelch
(2,48.05)=37.40, p = 1.61e-10).

The value of @2p = 0.59, CI=(0.43, 1.00), shows
that the volume of the vastus medialis quadriceps
muscle in the lower third also has an effect on the two
groups of subjects (Fig. 4).

Fig. 4. The difference between the mean values of the assessment of the vastus medialis of the quadriceps femoris
muscle volume in the 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 medialis quadriceps muscle in the lower third
was significantly different between groups I and III
(p <0.001), IT and III (p < 0.001).

So, according to the results of the volume of the
medial vastus quadriceps muscle in the upper third,
a difference was established 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 14.3%,
compared to students who attended the football section,
as well as with the control group, where a larger
volume of the medial vastus quadriceps muscle in the
upper third is noted in professional football players by
39.3% compared to students in the control group.

There is also a difference between students who
attended the football section and the control group,
where a larger volume of the medial vastus quadriceps
muscle in the upper third is noted in students who
attended the football section by 29.2%, compared to
students in the control group.

According to the results of the volume of the
medial vastus quadriceps muscle in the middle third,
there is also a difference between the groups, namely,

in professional football players, the muscle volume is
17.0% larger than the muscle volume of students who
attended the football section and 36.1% larger than the
muscle volume of students in the control group.

Also, by comparison, a difference in the volume
of the medial vastus quadriceps muscle in the middle
third was established between groups II and III, where
the volume of the medial vastus quadriceps muscle in
the middle third of students who attended the football
section is 23.0% larger, in contrast to the volume of
the medial vastus quadriceps muscle in the middle
third of students in the control group.

According to the results of the volume of the medial
vastus quadriceps 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 medial vastus quadriceps muscle in
the lower third in professional football players is 19.2%
larger than in students who attended the football section
and 44.5% larger than in students in the control group.

There is also a difference in the comparison
between groups II and III, since the volume of the
medial vastus quadriceps muscle in the lower third in
students who attended the football section is 31.3%
larger than in students in the control group.
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In summary, it can be concluded that ultrasound
examination of the vastus medialis muscle of the
quadriceps femoris to determine the volume in the
upper, middle, and lower thirds has practical value
in terms of recommendations for determining sports
orientation and selection for professional football.

Conclusions. 1. According to the results of
the volume of the vastus medialis of the quadriceps
femoris muscle in the upper third, it was found that
the muscle volume of professional football players is
14.3% larger than the muscle volume of students who
attended the football section and 39.3% larger than
the muscle volume of students in the control group.
2. By comparison, it was found that the volume of
the vastus medialis of the quadriceps femoris muscle
in the upper third is larger in students who attended
the football section by 29.2% compared to students
in the control group. 3. According to the results of
the volume of the vastus medialis of the quadriceps
femoris muscle in the middle third, it was found that
the muscle volume of professional football players is

17.0% larger than the muscle volume of students who
attended the football section and 36.1% larger than
the muscle volume of students in the control group.
4. By comparison, it was found that the volume of
the medial vastus quadriceps femoris muscle in the
middle third of students who attended the football
section was 23.0% larger, in contrast to the volume
of the medial vastus quadriceps femoris muscle of the
control group students. 5. According to the results of
the volume of the medial vastus quadriceps femoris
muscle in the lower third, it was found that the volume
of the medial vastus quadriceps femoris muscle in
the lower third of professional football players was
19.2% larger, compared to students who attended the
football section and 44.5% larger than the volume
of the muscle of students in the control group. 6.
By comparison, it was found that the volume of the
medial vastus quadriceps femoris muscle in the lower
third of students who attended the football section
was 31.3% larger, compared to students in the control

group.
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MORPHOMETRIC CHARACTERISTICS OF THE VASTUS MEDIALIS MUSCLE

OF THE QUADRICEPS FEMORIS MUSCLE OF THE THIGH ACCORDING TO THE DATA
OF THE ULTRASOUND STUDY

Abstract. In order to morphometrically compare the volume of the vastus medialis quadriceps femoris muscle,
48 young men aged 16 to 18 years were studied, where the main group consisted of 32 students and the control
group consisted of 16 students.

As a result of the comparison of the morphometric parameters of the vastus medialis quadriceps femoris
muscle according to ultrasound data, it was found that the muscle volume of professional football players is
14.3% larger than the muscle volume of students who attended the football section and 39.3% larger than the
muscle volume of students in the control group, and it was also found that the volume of the vastus medialis
quadriceps muscle in the upper third is larger in students who attended the football section by 29.2% compared
to students in the control group.

According to the results of the volume of the medial vastus quadriceps muscle in the middle third, it was found
that the muscle volume of professional football players is 17.0% larger than the muscle volume of students
who attended the football section and 36.1% larger than the muscle volume of students in the control group,
and it was also found that the volume of the medial vastus quadriceps muscle in the middle third of students
who attended the football section is 23.0% larger, in contrast to the volume of the medial vastus quadriceps
muscle of students in the control group.

According to the results of the volume of the medial latissimus dorsi muscle of the quadriceps femoris in the
lower third, it was found that the volume of the medial latissimus dorsi muscle of the quadriceps femoris in the
lower third of professional football players was 19.2% larger than that of students who attended the football
section and 44.5% larger than that of the muscle of students in the control group, and it was also found that
the volume of the medial latissimus dorsi muscle of the quadriceps femoris in the lower third of students who
attended the football section was 31.3% larger than that of students in the control group.

Key words: lower limb, skeletal muscles, muscles, anatomy, morphometry, ultrasound examination, athletes,
human.

Bioomocmi npo asmopa:

KapareeBa Cpitiana IOpiiBHa — KkKaHangar MeIWYHMX HayK, AOLUEHT Kadeapw aHaroMii, KIIHIYHOI
aHaToMii Ta omepaTtuBHOI Xipyprii ByKOBHHCBKOTO Iep)KaBHOIO MEAWYHOTO YHiBepcUTeTy; M. UepHiBii,
ORCID ID: 0000-0003-1836-8375.

Information about the author:
Karatieieva Svitlana Yu. — Associate Professor, PhD, Department of Anatomy, Clinical Anatomy and
Operative Surgery of the Bukovinian State Medical University, ORCID ID: 0000-0003-1836-8375.

Hapiiimura 18.04.2025 p.

Kniniuna anamomia ma onepamuena xipypeia — 1. 24, No 2 — 2025 39




