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ABSTRACT

BACKGROUND: Magnetic resonance imaging-based morphometry is a highly informative, noninvasive method for early di-
agnosis of structural brain changes, which facilitates their quantitative and qualitative evaluation. The frontal lobes increase
significantly in size during brain development, which is associated with their important role in cognitive functions and envi-
ronmental adaptations. Frontal lobe morphometry in pediatric patients can be used to identify abnormalities and understand
normal developmental processes in early childhood.

AIM: To identify any changes in the morphometry of the frontal lobes in neurologically healthy children and to analyze how
these changes may vary across sex and age groups.

METHODS: The study included 49 children aged 6 months to 18 years. The observations were categorized into two age groups:
from 0 to 7 years (17 children) and from 7 to 18 years (32 children). Automatic magnetic resonance imaging-based morphom-
etry was performed with FreeSurfer software used to determine morphometric parameters, including frontal lobe volume,
surface area, and cortical thickness.

RESULTS: The findings showed age-related variations in the frontal lobe volume, area, and thickness. There were no significant
sex-specific differences in the morphometric parameters between the age groups. However, relative values of the morpho-
metric parameters calculated as a percentage of intracranial volume were higher in boys than in girls. The obtained results
demonstrate both symmetrical and asymmetrical changes, thereby underscoring the multidirectional nature of the frontal lobe
development during human growth.

CONCLUSION: Magnetic resonance imaging-based morphometry is a highly effective method for identifying the developmental
patterns of the frontal lobes in neurologically healthy children. The morphometric parameters outlined in this study may serve
as reference values in the assessment of pediatric populations diagnosed with neurodegenerative diseases.

Keywords: brain; children; frontal lobe; magnetic resonance imaging-based morphometry; magnetic resonance imaging;
growth and development; aging.

To cite this article
Semibratov NN, Fokin VA, Trufanov GE, Efimtsev AYu., Abramov KB, Kondratiev GV, Levchuk AG. Magnetic Resonance Imaging-Based Frontal Lobe
Morphometry in Pediatric Patients. Russian Military Medical Academy Reports. 2025;44(2):141-150. DOI: 10.17816/rmmar660874 EDN: WYSWMQ

Submitted: 21.03.2025 Accepted: 10.04.2025 Published: 30.06.2025
&
ECO®VECTOR The article can be used under the CC BY-NC-ND 40 license

© Eco-Vector, 2025

141


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/rmmar660874
https://elibrary.ru/wvswmq
https://doi.org/10.17816/rmmar660874
https://elibrary.ru/wvswmq
https://crossmark.crossref.org/dialog/?doi=10.17816/rmmar660874&domain=PDF&date_stamp=2025-08-05

142

V138ecTua Poccuiickonm
OPUMHATTBHBIE MCCNELOBAHNA ToMm 44, N2 2, 2025 BOEHHO-MeVILIMHCKOW aKafemMin

DOI: https://doi.org/10.17816/rmmar660874 EDN: WVSWMQ

Ocob6eHHOCTM MarHMTHO-pe30HaHCHOM MopdoMeTpUm
B UCCNe 0BaHMMU CTPYKTYpP NOBHBbIX fonen y peteit

H.H. Cemubparos', B.A. ®okur?, T.E. Tpydanos?, A.H0. Ebumues?, K.b. A6pamos?,
[.B. Konpgparbes?, A.T. NleBuyk?

! CaHKT-TMeTepByprckuii KITMHUYECKMIA HaYUHO-MPaKTUYECKUA LIGHTP CMeLMann3vupoBaHHbIX BULOB MeULIMHCKON MOMOLLM (OHKONOMMYeCKwiA)
uM. H.MN. Hanankosa, CaHkT-leTepbypr, Poccus;

2 HaumoHanbHbIA MeIULMHCKUIA UCCReloBaTeNbCKUIA LIeHTP uM. B.A. Anma3sosa, CankT-TeTepbypr, Poccus;

3 CaHKT-MeTepbyprcKuit rocyaapCTBeHHbIN NeaMaTpUIecKuil MeaULMHCKUA YHuBepcuTeT, CankT-MeTepbypr, Poccus

AHHOTALIMA

AkTyanbHocTb. MarHUTHO-pe30HaHcHas MophoMETpUs ABNSETCSA BbICOKOMH(POPMATUBHBIM HEMHBA3UBHBLIM METOOM AN1S paH-
Hell AMarHOCTUKW CTPYKTYPHbIX U3MEHEHWI FOMIOBHOTO MO3ra, MO3BOMISIOLLMM OLEHUBATL MX KOIMYECTBEHHO U KAYECTBEHHO.
JlobHble fonu B npouecce pasBUTUS 3HAUMTENBHO YBEIMYMBAIOTCS B pa3Mepax, YTO CBA3aHO C UX BAXKHOW POSbio B KOTHU-
TUBHBIX QYHKUMSAX M afanTauuu K OKpyxatoLuen cpepe. ccneposanue MophoMeTpum N0BHbIX Jofen y AeTel MOXET NOMOYb
B BbISIBJIEHUM NATONOMMU M MOHUMaHUM HOPMabHbIX NPOLIECCOB UX Pa3BUTUS B PaHHUE rofbl XU3HU.

Lienb — BbisiBNIeHWe 0cobeHHOCTEl U3MeHeHUs MOPHOMETPUYECKUX XapaKTEPUCTUK CTPYKTYP JIO6HBIX JoNei rofioBHOr0 Mo3-
ra y HeBpONOTUYECKU 3[,0POBbIX JETEN, @ TaKXKE aHanu3 WX 3aBUCMMOCTM OT NoJia U Bo3pacTa.

Matepuansl n MeTogbl. B uccnepnoBanue Bowwnm 49 feten B Bo3pacte oT 6 MecaueB Ao 18 net. Bce HabnwoaeHus Boinm
pasfeneHbl Ha aBe Bo3pacTHble rpynnbl: 0T 0 go 7 net (17 yenosek), o1 7 Ao 18 net (32 yenoseka). bbina nposeaeHa aBTo-
MaTU4ecKas MarHUTHO-pe30HaHCHas MophOMETPUSA C MOMOLLbI0 NporpaMMHoro obecneyeHus FreeSurfer ¢ onpenenesnem
MophoMeTpUYecKUxX MoKasaTeneid: 06bemMa AnA KaxAon CTPYKTypbl JIOOHOM oMM, Mnowagy NoBEPXHOCTU U TONLLUHBI
KOpbl.

Pe3ynbTartbl. [lonyyeHHble AaHHbIE UCCEA0BaHUS NPOAEMOHCTPUPOBANM BO3PACTHbIE pa3nnymus B 00beMe, NioLLaam 1 Ton-
LUMHE Pas3fMYHBIX CTPYKTYp NOOHbIX Jonedt y aeTel. CTaTUCTMYECKM 3HAYMMbIX MOSIOBLIX PasnMuuili B MOpQOMETPUYECKUX
MoKasaTensax CTPYKTYp, NPeACTaBieHHbIX B JaHHOM UCCeo0BaHUM BO3PACTHLIX FpynM, BbisIBNEHO He Obino. BMecTe ¢ TeM
OTHOCWTESIbHbIE pa3Mepbl MOP(HOMETPUYECKUX MOKa3aTenen 3TUX CTPYKTYP, paccuuTaHHble OTHOCWTENIbHO BHYTPUYEpEernHo-
ro obbema, 6bm Bosblle y ManbuMKoB, YeM Y AeBouek. MonyyeHHble pe3ynbTaThl NOKA3bIBAKT KaK CUMMETPUYHbIE, TaK
M aCUMMETPUYHbIE M3MEHEHMWS, YTO MOAYEpPKUBAET pa3HOHAMpaBMIEHHYD OMHAMMKY Pa3BUTUS CTPYKTYpP NOBHBIX Aonen
Mo Mepe B3pOC/EHMUs YeNOBEKa.

3aknoueHne. MarHuTHo-pe3oHaHcHas MophoMeTpus — 3QOEKTUBHBIN METOS, BbISBNIEHWUS 0CODEHHOCTEN Pa3BUTMSA CTPYK-
TYp NOBHbIX AONEN FOSIOBHOrO MO3ra y HEBPOJIOTMYECKM 3A0p0BbIX AeTeid. MpefcTaBneHHble B pabote MopdoMeTpuyecKkue
MoKasaTenu MoryT 6biTb MCMOMIb30BaHbI B Ka4eCTBE OPMEHTMPOBOYHBIX 3HAYEHWI MpKU U3y4eHWM rpynn LeTen C Helpogere-
HepaTUBHbIMM 3ab0S1EBaHUAMM.

KnioueBble cnoBa: rofioBHOI MO3T; AeTH; IOOHAsA [ONS; MarHUTHO-pe3oHaHCHas MOpPOMETPUS; MarHUTHO-pe30HaHCHas
TOMOrpadus; pocT U pa3BuTUE; CTapeHme.
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BACKGROUND

The brain undergoes substantial morphometric chang-
es throughout ontogenesis, particularly during childhood.
Such changes depend on the child's age and sex [1-3].
The most intensive development of the nervous system
occurs during the first 3 months after birth. By 3 years
of age, neuronal differentiation, characterized by axo-
nal growth, myelination, and the growth and increased
branching of dendrites, is largely completed. By 8 years
of age, the cerebral cortex structurally resembles that
of an adult [4]. The brain volume peaks at ~10.5 and
14.5 years in girls and boys, respectively [2]. The mean
brain volume is 7%-10% greater in adult men than in
women [1, 2, 5].

The frontal lobes are among the most highly devel-
oped regions, with significant increases in size during
development. In adults, the prefrontal cortex constitutes
nearly one-third of the total neocortical surface area.
Its relatively late maturation is explained by the delayed
myelination of axonal connections. This and other mark-
ers of morphological development in the prefrontal cortex
are associated with its critical role in cognitive functions
and environmental adaptation [6]. Magnetic resonance
imaging (MRI) has shown that the gray matter volume
in the frontal lobes reaches its maximum at ~11 and
12 years in girls and boys, respectively [7].

MRI-based morphometry is an automated, operator-
independent neuroimage analysis method that provides
quantitative data on the volumes of individual brain
structures, cortical surface area, and cortical thickness
[8]. The present study reports the results of morpho-
metric analysis reflecting the effects of age and sex on
frontal lobe development in children. Understanding the
trajectory of these alterations in normal brain develop-
ment is essential for interpreting neuroimaging data in
clinical practice.

This work aimed to investigate normal frontal lobe
development in children without neurologic pathology
using MRI morphometry.

METHODS

This study was conducted at the V.A. Almazov National
Medical Research Center, Ministry of Health of the Rus-
sian Federation, Saint Petersburg, Russia. It included the
retrospective and prospective stages of data collection
from September 2016 to May 2024. A total of 49 child-
ren (30 boys and 19 girls) aged 2 months to 18 years
were enrolled. The mean age was 7.94 + 5.08 years.
None had any magnetic resonance imaging (MRI)-de-
tectable structural abnormalities in the brain or clinical
symptoms. Written informed consent was obtained from
the patients’ parents. Anesthesia was provided in cases
where examination without it was not feasible.
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Intervention

All participants underwent brain MRI on scanners
with a magnetic field strength of 1.5 or 3.0 Tesla using
a standardized brain imaging protocol with routine pulse
sequences in three orthogonal planes (T1, T2, and TIRM),
as well as magnetization-prepared rapid acquisition
gradient echo (3DT1-MPRAGE), and a T1-weighted gra-
dient-echo sequence with accelerated data acquisition.
The parameters used were repetition time (TR): 2000 ms;
echo time(TE): 4.38 ms; flip angle (FA): 10°; field of view
(FOV): 250 mm; matrix: 256 x 256; slice thickness: 1 mm;
number of slices: 160; and scan time: 11 min. Automated
MRI morphometry was performed using the FreeSurfer
7.3.2 software to obtain parameters, including volume
(mm?), surface area (mm?), and cortical thickness (mm)
for each frontal lobe structure [9]. Post-processing con-
sisted of sequential steps. The preparatory stages includ-
ed Talairach linear transformation, intensity normaliza-
tion, skull stripping, removal of the extracerebral tissues
using surface deformation, separation of the cerebellum
and brainstem from the cerebrum, and of the left and
right hemispheres [9]. A deformable surface algorithm
was employed to define the inner (gray—white) and outer
(pial, gray—CSF) cortical surfaces [8]. Automated topo-
logical correction, surface inflation, and registration in
a spherical atlas were also included in the process-
ing pipeline [10]. Morphometric parameters of volume,
surface area, and cortical thickness in the frontal lobe
structures were compared and reported according to the
built-in Desikan—Killiany atlas [11].

All observations were divided into two age groups:
0-7 years (17 participants) and 7-18 years (32 partici-
pants). These age ranges were selected to identify the
key age-related changes in the morphometric parameters
of the frontal lobe structures occurring during critical de-
velopmental periods.

Statistical analysis was performed using Jamovi ver-
sion 2.3.28 and Microsoft Excel 2007 [12, 13]. Data were
processed to determine the statistically significant differ-
ences between the groups. Quantitative variables were de-
scribed as their means + SD. For group comparisons, the
non-parametric Mann-Whitney U test was applied to ac-
count for possible outliers and data asymmetry. A graphi-
cal representation of the segmented cerebral structures
obtained with the FreeSurfer software package is shown
in Fig. 1. Linear regression analysis was performed, and
the percentage change in mean values was calculated to
assess the trends in morphometric parameters (volume
[mm?], surface area [nm?], and cortical thickness [mm])
of the frontal lobe structures. The formula used to calcu-
late the percentage change of means was

AP = ([Mend - Mstart] /Mstart) x 100%

where AP indicates the percentage change; M
mean value; and M

the final

end’

<o the initial mean value.
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Precentral gyrus

Superior frontal gyrus

Caudal middle frontal gyrus
Rostral middle frontal gyrus .
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Medial orbitofrontal cortex

i Triangular part of the inferior frontal gyrus

Orbital part of the inferior )
frontal gyrus  Lateral orbitofrontal cortex

Fig. 1. Frontal lobe structures accessed from the Desikan—Killiany atlas: superolateral (left) and inferomedial (right) surfaces. Adapted
from Klein A, Tourville J [11]. Available at: https://mindboggle.info/data.

To systematize the data and enable a subsequent
comparative analysis, percentage ranges were defined
for different levels of change in the morphometric pa-
rameters of the frontal lobe structures. Changes of <10%
were classified as mild, from 10% to 30% as moderate,
and >30% as pronounced. Symmetry was assessed per
the following criteria: a difference of <10% between
the contralateral structures was considered symmetric,
whereas a variation >10% indicated asymmetry.

RESULTS

The structural changes in the frontal lobes were iden-
tified during the comparison between the two age groups
using MRI morphometry.

Overall alterations in the frontal lobe structures.
The mean values of the morphometric parameters of the
frontal lobe structures in the children belonging to the two
age groups studied are presented in Table 1 and Fig. 2.
The percentage change in the mean values of volume (mm?3),
surface area (mm?), and cortical thickness (mm) of the
frontal lobe structures between the children of the two
age groups is shown in Fig. 3.

Superior frontal gyrus. A marked development of
the right superior frontal gyrus compared with the left
was observed in terms of volume, surface area, and
thickness in both age groups (0-7 and 7-18 vyears).
Both hemispheres demonstrated a symmetric increase in
the volumes of the right (26.6%) and left (20.27%) supe-
rior frontal gyri. Similarly, the surface area of the right
and left superior frontal gyri exhibited a pronounced sym-
metric enhancement (17.3% and 14.76%, respectively),

DO https://doi.org/ 10.17816/rmmarb60874

unlike in the cortical thickness, which was less pro-
nounced (10.61% and 8.89%, respectively).

Middle frontal gyrus. The morphometric parameters
(volume, surface area, and thickness) of the right middle
frontal gyrus exceeded those of the left middle frontal
gyrus in both age groups. The trajectories of the changes
in the rostral and caudal parts of the middle frontal gyrus
indicated variations in brain development. The rostral part
of the middle frontal gyrus was enhanced in volume and
surface area, but the caudal part was elevated primarily
in volume. The morphometric parameters of volume, sur-
face area, and thickness of the right middle frontal gyrus
were greater than those of the left middle frontal gyrus.
Both hemispheres exhibited a pronounced symmetric in-
crease in the volume and surface area of the rostral part
of the right (23.25% and 22.37%, respectively) and left
(15.54% and 18.72%, respectively) middle frontal gyri.
However, the thickness enhanced only slightly (3.52%
and 2.33%, respectively). In both hemispheres, a pro-
nounced symmetric elevation in the volume of the caudal
part of the right (21.37%) and left (20.49%) middle fron-
tal gyri was observed in the two age groups. However,
the surface area (8.34% and 10.67%, respectively) and
thickness (13.65% and 7.39%, respectively) demonstrated
a less pronounced symmetric increase, respectively.

Inferior frontal gyrus. The study demonstrated
a significant development of the right inferior frontal
gyrus compared with the left, as reflected by increases
in volume, surface area, and thickness. The alterations
in volume and surface area of the inferior frontal gyrus
indicated a symmetric pattern between the right and left
hemispheres.
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Table 1. A comparison of the morphometric parameters of the frontal lobes
Group 1 Group 2
Structure Parameter (07 years‘,) n=17) | 7-18 years, n=32) AP, % ) p
Volume, mm?® 27985 10527 35430 + 3058 26,60 142 0,006
Right superior frontal gyrus Surface area, mm? 8712 + 2415 10219 + 836 17.30 144 0.007*
Thickness, mm 264 +0.435 29240116 10.61 186 0073
Volume, mm? 26302+ 9138 31633 + 3247 2027 188 0079
Left superior frontal gyrus Surface area, mm? 7764 + 2093 8910 + 877 14.76 179 0.051
Thickness, mm 270+ 0.414 294+ 0.143 8.89 189 0083
o Volume, mm? 12571 % 5191 15494 2172 23.25 173 0038
?rzf]tt;al'gp;ﬁ:f the right middle Surface area, mm? 3970 2 1439 4858 + 739 2237 154 0013
Thickness, mm 2.56 +0.381 2.65+0.133 3.52 271 0.983
, Volume, mm? 12873 + 4894 14873 + 2060 15.54 217 0255
Erzf‘tt:lgpyarﬁ;f the left middle Surface area, mm? 3§72 2 1274 4597 + 679 18.72 143 0.006*
Thickness, mm 258+ 0.414 2.64+0.130 233 U8 0622
T Volume, mm? 6274 + 2470 7615 + 1813 2137 190 0087
frz‘:::ll s;rr::f the right middle Surface area, mm? 2205 1 754 2389 + 500 8.34 239 0499
Thickness, mm 253+ 0.439 280 +0.157 1067 185 0068
) Volume, mm? 6914 + 2386 8331+ 1336 20.49 176 0.044*
fcri‘:l‘::ll g;’rr::f the left middle Suface area, mm? 23452 706 2665 + 429 13.65 185  0.069
Thickness, mm 2.57 +0.346 2.76 +0.119 7.39 200 0.134
, ,,, Volume, mm?® 2514 + 908 3058 + 423 2164 163 0023
?ébn'ii g;:]gf the right inferior Surface area, mm? 713 + 220 837+ 118 17.39 74 0.040*
Thickness, mm 278 + 0.443 29140133 4,68 24 0875
_ o Volume, mm? 2499 £ 731 2891 + 398 15.69 180 0.054
Orbital part of the left inferior Surface area, mm? 709 + 158 818 + 96 15.37 152 0012
frontal gyrus .
Thickness, mm 275 + 0.425 285+ 0.159 3.64 28 0933
) o Volume, mm?® 4304 + 1828 5542 + 853 28.76 149 0.009*
:rr;i't‘gl”g"yrr::" of the right inferior Surface area, mm? 1476 + 468 1734 + 292 17.48 175 0.043*
Thickness, mm 251+ 0.454 273+0.138 876 232 0.407
_ - Volume, mm? 4392 + 1826 5827 + 906 32,67 143 0.006"
:rr(']f]’t‘gl”;ay’r:’:” of the left inferior Surface area, mm? 1596 + 451 1851 + 303 15.98 156 0014
Thickness, mm 23740518 270+0.128 13.92 182 0060
,__ Volume, mm? 4505 + 1524 5643 + 798 25.26 129 0.002°
?r';i';‘:l’l:;rﬂz” of the right inferior Surface area, mm? 1575 + 424 1747 + 230 10.92 186 0.066
Thickness, mm 254+ 0.430 2.85+0.124 12.20 154 0.014*
o Volume, mm? 4557 + 1996 5529 + 1081 21.33 153 0.012*
Opercular part of the left inferior Surface area, mm? 1523 + 494 1702 + 315 11.75 187 0.076
frontal gyrus )
Thickness, mm 252 + 0522 28240123 11.90 156 0.015*
_ Volume, mm? 94l + 4147 10593 + 1175 12.17 196 0113
er]sltl:ftfgstlaﬁacr;r?:;he right Surface area, mm? 2820 + 1208 3305 + 383 17.20 153 0012*
Thickness, mm 2.76 + 0.444 2.75 +0.166 -0.36 191 0.091
Volume, mm? 9072 + 2841 10650 = 1149 17.39 167 0027
l?lfitl(?;re(::tlaﬁﬁri:he left Surface area, mm? 2585 + 703 3377 + 281 30.64 68 <0.001*
Thickness, mm 2.8 +0.355 272 +0.195 423 143 0.007*
_ _ Volume, mm? 4597 + 1700 5382 + 492 17.08 229 0376
Medial part of the right Surface area, mm? 1397 + 402 1695 + 128 2133 M <0.001*
orbitofrontal cortex )
Thickness, mm 2.62 +0.394 2.62 +0.146 0.00 212 0.211
) Volume, mm? 4804 + 1477 5493 + 553 14.34 207 0.177
c“:'ri?t'gflr‘;::tal"igt‘tz)tEf‘ Surface area, mm? 1429 + 332 1782 + 163 2470 73 <0001
Thickness, mm 2.64 +0.361 2.57 £ 0.165 -2.65 169 0.031*
Volume, mm?® 12725 + 3838 14869 = 1492 16.85 71 0,03
Right precentral gyrus Surface area, mm? 4884 + 1222 4953 + 473 1.41 254 0.716
Thickness, mm 238+0.377 270+0.160 13.45 124 0.001*
Volume, mm? 12357 + 3855 15265 + 1797 2353 121 0.001*
Left precentral gyrus Surface area, mm? 4797 + 1086 5113 £ 569 6.59 244 0.567
Thickness, mm 2.37 +0.356 270 +0.166 13.92 108 <0001
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Continuation of Table 1
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Group 1 Group 2
Structure Parameter (0-7 yearsF,) n=17) | 7-18 yearz, n=32) AP, % U p
Volume, mm? 4340 + 1481 5263 + 533 21.27 14 <0.001*
Right paracentral lobule Surface area, mm? 1616 + 376 1776 + 198 9.90 194 0.104
Thickness, mm 2.42 + 0.448 2.70 + 0.146 11.57 172 0.036*
Volume, mm? 4594 + 1376 5537 + 706 20.53 146 0.007*
Left paracentral lobule Surface area, mm? 1676 + 372 1857 + 218 10.80 193 0.097
Thickness, mm 2.42 +0.335 2.69 +0.146 11.16 128 0.002*

Note. Values of volume (mm?®), surface area (mm?), and thickness (mm) are expressed as means + SD for each age group; AP: percent change; Mann-Whitney

Utest; *p < 0.05.

Orbital part of the inferior frontal gyrus. Both hemi-
spheres showed a remarkable symmetric enhancement
in the volume and surface area of the orbital part of the
right (21.64% and 17.39%, respectively) and left (15.69%
and 15.37%, respectively) inferior frontal gyri in the
two age groups. In contrast, the thickness increased to
a lesser extent (4.68% and 3.64%, respectively).

Triangular part of the inferior frontal gyrus. Both
hemispheres exhibited a marked symmetric increase in
the volume and surface area of the triangular part of the
right (28.76% and 17.48%, respectively) and left (32.67%
and 15.98%, respectively) inferior frontal gyri in the two
age groups. However, the thickness enhanced less mark-
edly (8.76% and 13.92%, respectively).

Opercular part of the inferior frontal gyrus. Both
hemispheres revealed a pronounced symmetric eleva-
tion in the volume and surface area of the opercular part
of the right (25.26% and 10.92%, respectively) and left
(21.33% and 11.75%, respectively) inferior frontal gyri of
the two age groups. However, the thickness increased to
a lesser extent (12.20% and 11.90%, respectively).

Lateral and medial parts of the orbitofrontal cortex.
Both hemispheres showed a marked symmetric increase
in the volumes of the lateral part of the right (12.17%)
and left (17.39%) orbitofrontal cortex of the two age
groups. However, the surface area demonstrated a pro-
nounced asymmetric elevation in the lateral part of the
right (17.20%) and a considerably greater enhancement in
the left (30.64%) orbitofrontal cortex. The thickness of the
former decreased slightly (0.36%), whereas it was more
pronounced in the left (4.23%). Both hemispheres dem-
onstrated a marked symmetric increase in the volume
and surface area of the medial part of the right (17.08%
and 21.33%, respectively) and left (14.34% and 24.70%,
respectively) orbitofrontal cortex in the two age groups.
In contrast, the thickness of the medial part of the right
orbitofrontal cortex remained unaltered (0%), whereas
the left showed a decline (2.65%).

Precentral gyrus. A more pronounced development
was observed in the left precentral gyrus compared
with the right, manifested by increases in volume, sur-
face area, and thickness in the two age groups. Both
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hemispheres demonstrated a symmetric increase in the
volume of the right (16.85%) and left (23.53%) precentral
gyri. The surface area of the former and latter showed a
mild symmetric increase (1.41% and 6.59%, respectively).
However, the thickness of the former and latter enhanced
symmetrically and more markedly (13.45% and 13.92%,
respectively).

Paracentral lobule. The study showed a pronounced
development of the paracentral lobules in terms of vol-
ume, surface area, and thickness in both age groups.
The volume and surface area were enhanced symmetri-
cally in the right (21.27% and 9.90%, respectively) and
left (20.53% and 10.80%, respectively) lobules. The thick-
ness elevated more markedly and symmetrically (11.57%
and 11.16%, respectively).

Sex differences. A comparative analysis of sex-re-
lated differences in the morphometric parameters of the
frontal lobe structures, adjusted for the percentage of
these parameters relative to total intracranial volume,
revealed no statistically significant variations between
the studied age groups (p < 0.05). However, the morpho-
metric parameters of the frontal lobe structures were
relatively larger in boys compared with girls, although
statistically insignificant.

DISCUSSION

Morphometric parameters of volume, surface area,
and cortical thickness of the frontal lobe structures var-
ied considerably among children in different age groups.
These differences reflect brain maturation processes
such as myelination, synaptogenesis, growth, and differ-
entiation of nerve cells. The rate of nervous system de-
velopment is especially high during the first 3 months of
life. Differentiation of nerve cells is achieved by 3 years
of age, and the cerebral cortex structurally resembles
that of an adult by 8 years. The first period (0-7 years)
encompasses early childhood, when intensive brain de-
velopment occurs, associated with the active formation
of neuronal connections and structural organization of
the cerebral cortex. The second period (7-18 years)
covers adolescence, when significant changes in brain
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neuroanatomy and functionality take place. This dura-  key changes in frontal lobe morphometry that result from
tion is characterized by active learning and socialization,  natural development and environmental influences.

which also influence the morphometric parameters. Com- The results of our study are consistent with the find-
paring these two groups allows the identification of the ings reported previously [14]. In particular, a tendency
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toward cortical thinning with age was observed in most
regions examined. The morphometric characteristics of
the frontal lobes influence cognitive function, emotional
regulation, and social behavior. The tendency observed
for a greater increase in the morphometric parameters
of the frontal lobe structures in boys compared with girls
highlights the need for further investigation into sex-as-
sociated variations using MRI morphometry. Our findings
were consistent with the data published on sexual di-
morphism in the brain morphometric parameters; nota-
bly, that boys have a larger total brain volume compared
to girls [15]. The brain structure and size may serve as
a valuable tool for the early detection of developmen-
tal abnormalities [14, 16]. Our findings are comparable
with the results of the MRI-based morphometric stud-
ies on neurodegenerative diseases, particularly epilepsy
[17], which highlights the significance of research in this
direction.

The challenges associated with brain studies in clini-
cally healthy children are well known in the scientific
community. The limited number of participants is largely
due to a scarcity of brain imaging studies in children
without neurologic symptoms, difficulty in obtaining pa-
rental consent, and the challenge of ensuring immobility
in children during the examination to acquire high-quality
images free of any movement-induced artifacts. Never-
theless, the results of such studies may contribute to
a better understanding of brain development and to the
diagnosis of neurologic disorders in children.

DO https://doi.org/ 10.17816/rmmarb60874

CONCLUSION

MRI morphometry revealed age- and sex-related
changes in the volume, surface area, and cortical thick-
ness of the various frontal lobe structures in children,
supporting its potential as a method for studying neu-
rodegenerative diseases in this population. Overall, the
morphometric parameters of the frontal lobe structures
were greater in boys than in girls. To further investigate
these sex-associated differences, we plan to expand the
study by including a larger sample size and additional
age groups.

ADDITIONAL INFO

Author contributions: All authors made substantial contributions to the
conceptualization, investigation and manuscript preparation, and reviewed
and approved the final version prior to publication. Personal contribution
of each author: N.N. Semibratov: conceptualization and methodology, data
analysis and interpretation, writing—original draft, preparation, creation of
the published work; V.A. Fokin: supervision of the research stages execution,
approval of the final version; G.E. Trufanov: advisory assistance at all stages
of the work, editing of the final version; A.Yu. Efimtsev: advisory assis-
tance at all stages of the work, data processing, writing—review & editing;
K.B. Abramov, G.V. Kondratiev: data collection and processing, writing—review
& editing; A.G. Levchuk: data collection and processing, image processing.
Funding sources: The authors declare no external funding was received
for the study.

Ethics approval: The research was conducted as part of a dissertation the-
sis approved by the Local Ethics Committee of the Federal State Budgetary




ORIGINAL STUDY ARTICLES

Institution Almazov National Medical Research Center, Abstract No. 29 of
Local Ethics Committee Protocol, dated February 12, 2018. All study par-
ticipants provided a written informed consent before being included in the
study, which was approved by the Local Ethics Committee as part of the
study protocol.

Disclosure of interests: The authors declare no potential conflict of interest
to be disclosed in this article.

Statement of originality: No previously published material (text, images,
or data), except for frontal lobe images (Fig. 1), which were adapted from
Klein A. and Tourville J. [11] (distributed under CC-BY 3.0 license), was used
in this study.

Data availability statement: Access to the data obtained in this study is
restricted due to confidentiality reasons.

Generative Al: No generative artificial intelligence technologies were used
to prepare this article.

NONOJIHUTE/IbHAA UHOOPMALUA

Brknap aBTopoB. Bce aBTOpbl BHECAM CYLLECTBEHHBIN BKAA B pa3pabor-
Ky KOHLLenumu, npoBefeHue 1CCreaoBaHns U NOLTOTOBKY CTaTbu, MpoYsv
1 ofobpunn duHanbHylo Bepcvio nepend nybnuKauvein. Bknag kaxmoro
astopa: H.H. CemnbpatoB — KOHLLENUMS W AW3aiiH 1cCnefoBaHus, aHanm3
1 UHTEpRpeTaLms NoslyYeHHbIX [aHHbIX, HanvcaHWe TeKCTa, MoAroToBKa, Co3-
ZJaHue onybmvKoBaHHoM paboTsl; B.A. MoKWH — KOHTPOJTb BLINOSHEHWS BCEX
3TanoB MCCNeS0BaTesbCKoM paboThl, YTBEPKAEHWE OKOHYaTeNbHOrO Bapy-
aHTa ctatbi; [E. TpydaHoB — KOHCynbTaTMBHas MOMOLL Ha BCEX 3Tamax

REFERENCES

1. Giedd JN, Castellanos FX, Rajapakse JC, et al. Sexual dimorphism of
the developing human brain. Prog Neuropsychopharmacol Biol Psychiatry.
1997;21(8):1185-1201. doi: 10.1016/s0278-5846(97)00158-9

2. Lenroot RK, Gogtay N, Greenstein DK, et al. Sexual Dimorphism of Brain
Developmental Trajectories during Childhood and Adolescence. Neuroimage.
2007;36(4):1065-1073. doi: 10.1016/j.neuroimage.2007.03.053

3. Wilke M, Schmithorst VJ, Holland SK. Assessment of spatial normal-
ization of whole-brain magnetic resonance images in children. Hum Brain
Mapp. 2002;17(1):48-60. doi: 10.1002/hbm.10053

4. Voronova NV, Klimova NM, Mendgeritsky AM. Anatomy of the Central
Nervous System: A Textbook for University Students Specializing in Psycho-
logy. Moscow: Aspect Press; 2005. EDN: QKNXWP

5. Sowell ER, Trauner DA, Gamst A, Jernigan TL. Development of cortical
and subcortical brain structures in childhood and adolescence: a structural
MRI study. Developmental Medicine & Child Neurology. 2002;44(1):4-16.
doi: 10.1111/j.1469-8749.2002.tb00253.x EDN: ECHQFN

6. Dekaban AS, Sadowsky D. Changes in brain weights during the span
of human life: Relation of brain weights to body heights and body weights.
Annals of Neurology. 1978;4(4):345-356. doi: 10.1002/ana.410040410

7. Giedd JN. Structural magnetic resonance imaging of the adolescent
brain. Ann N'Y Acad Sci. 2004;1021:77-85. doi: 10.1196/annals.1308.009

8. Fischl B, Salat DH, Busa E, et al. Whole brain segmentation: auto-
mated labeling of neuroanatomical structures in the human brain. Neuron.
2002;33(3):341-355. doi: 10.1016/s0896-6273(02)00569-x

9. Fischl B. FreeSurfer. Neuroimage. 2012;62(2):774-781.
doi: 10.1016/j.neuroimage.2012.01.021

Vol.44(2)2025

DO https://doi.org/ 10.17816/rmmarb60874

Russian Military Medical
Academy Reports

BbINOJSIHEHWS PabOTbl, UTOrOBbIA BAapWaHT PefaKT POBaHUs TeKCTa paboThl;
A10. EprMLiEB — KOHCynbTaTVIBHASA MOMOLL Ha BCEX 3Tanax BbINOIHEHS pa-
60Tbl, 06paboTka pe3ynbTaToB, peakTpoBaHue TeKcTa paboTsl; K.b. Abpamos,
I"B. KoHnpatbe — cbop 1 0bpaboTka [aHHbIX, PeAaKTMPOBaHME TEKCTa pa-
botbl; Al". JleBuyk — cbop 1 0bpaboTka AaHHbIX, 06paboTa 13obpakeHus.
WcTouHuk duHaHCMpoBaHUs. ABTOPLI 3asBASIKOT 00 OTCYTCTBUM BHELLHErO
(1HaHCMPOBaHWs NPY NPOBEAEHUN UCCEA0BaAHNS.

JTUYeckas akcnepTu3a. VccnefoBaHve NpOBOAMAOCL B paMKax AMUC-
CepTaLMOHHOM paboThl, 00OPEHHO NOKAMbHBIM 3TUYECKUM KOMUTETOM
(N3K) OIrBY «HMULL um. B.A. Anma3zosa», Bbinucka N2 29 13 npoTokona
3acefianus J13K o1 12.02.2018 r. Bce yyacTHUKM UcCneaoBaHms A0 BKIoO-
YeHus B MccnefoBaHWe [obpoBosbHO nognucany GopMy MHAOPMUpO-
BaHHOr0 COrflacus, YTBEPXAEHHYI0 B COCTaBe MPOTOKO/A WCCNeA0BaHus
3TUYECKUM KOMUTETOM.

PackpbiTe MHTepecoB aBTOPOB. ABTOPbI 3asBNIAOT 00 OTCYTCTBUM MOTEH-
LManbHOro KOHGMKTA MHTEPECOB, TPEDYIOLLIEr0 PACKPbLITKS B JaHHOM CTaTbe.
OpuruHanbHocTb. [lpy co3aaHMM HacTosLer paboTbl aBTOpbI He UCTOSb-
30Banv paHee onybMKOBaHHbIE CBEIEHWA (TEKCT, WAMIOCTPALMK, AaHHbIE),
33 UCKJTHYEHNEM WATIOCTPALMM CTPYKTYP N106HOM fomm (puc. 1), 3aMMCTBO-
BaHHO 11 afanTupoBaHHoi 13 pabotsl Klein A. 1 Tourville J. [11] (pacnpo-
CTpaHseTCs Ha ycnosmsax nmueHsum CC-BY 3.0).

Joctyn K AaHHbIM. [loCTyn K AaHHbIM, MONyYeHHbIM B HACTOSILLLEM McCne-
[0BaHWUM, 3aKPLIT N0 NPUYMHE KOHDMUAEHLMANBHOCTH.

[eHepaTUBHbBIN MCKYCCTBEHHbIA MHTENEKT. [lpy Co3LaHnM HacTosALLen
CTaTb¥ TEXHONOTWM FeHEPaTMBHOMO UCKYCCTBEHHOO WHTENNEKTa He uc-
nosb30Banu.

10. Fischl B, Sereno MI, Dale AM. Cortical surface-based analysis. II: In-
flation, flattening, and a surface-based coordinate system. Neuroimage.
1999;9(2):195-207. doi: 10.1006/nimg.1998.0396

11. Klein A, Tourville J. 101 Labeled Brain Images and a Consis-
tent Human Cortical Labeling Protocol. Front Neurosci. 2012;6:171.
doi: 10.3389/fnins.2012.00171

12. The jamovi project. jamovi. Version 2.5 [Computer Software] — [cited
2025 Jan 25]. Available from: https://www.jamovi.org

13. Microsoft Corporation. Microsoft Excel. Version 16.88 [Computer Soft-
ware]. — [cited 2025 Jan 25]. Available from: https://www.microsoft.com
14. Ducharme S, Albaugh MD, Nguyen TV, et al. Trajectories of corti-
cal thickness maturation in normal brain development — The impor-
tance of quality control procedures. Neuroimage. 2016;125:267-279.
doi: 10.1016/j.neuroimage.2015.10.010

15. Brain Development Cooperative Group. Total and regional brain vol-
umes in a population-based normative sample from 4 to 18 years: the NIH
MRI Study of Normal Brain Development. Cereb Cortex. 2012;22(1):1-12.
doi: 10.1093/cercor/bhr018

16. Brouwer RM, Schutte J, Janssen R, et al. The Speed of Develop-
ment of Adolescent Brain Age Depends on Sex and Is Genetically Deter-
mined. Cereb Cortex. 2021;31(2):1296—1306. doi: 10.1093/cercor/bhaa296
EDN: RLRLEU

17. Potemkina EG, Salomatina TA, Andreev EV, et al. MR morphom-
etry in epileptology: progress and perspectives. Burdenko’s Journal of
Neurosurgery. 2023;87(3):113-119. doi: 10.17116/neiro202387031113
EDN: PAVJJV

149


https://doi.org/10.1016/s0278-5846(97)00158-9
https://doi.org/10.1016/j.neuroimage.2007.03.053
https://doi.org/10.1002/hbm.10053
https://elibrary.ru/qknxwp
https://doi.org/10.1111/j.1469-8749.2002.tb00253.x
https://elibrary.ru/echqfn
https://doi.org/10.1002/ana.410040410
https://doi.org/10.1196/annals.1308.009
https://doi.org/10.1016/s0896-6273(02)00569-x
https://doi.org/10.1016/j.neuroimage.2012.01.021
https://doi.org/10.1006/nimg.1998.0396
https://doi.org/10.3389/fnins.2012.00171
https://www.jamovi.org
https://www.microsoft.com
https://doi.org/10.1016/j.neuroimage.2015.10.010
https://doi.org/10.1093/cercor/bhr018
https://doi.org/10.1093/cercor/bhaa296
https://elibrary.ru/rlrleu
https://doi.org/10.17116/neiro202387031113
https://elibrary.ru/pavjjv

150

OPTHATTBHBIE MCCTTE[IOBARMA

AUTHORS' INFO

Nikolay N. Semibratov, MD, radiologist;
ORCID: 0000-0002-0034-7413; eLibrary SPIN: 9179-7660;
e-mail: nsemibr@gmail.com

Vladimir A. Fokin, MD, Dr. Sci. (Medicine), Professor;
ORCID: 0000-0001-7885-9024; eLibrary SPIN: 5939-5198;
e-mail: vladfokin@mail.ru

Gennady E. Trufanov, MD, Dr. Sci. (Medicine), Professor;
ORCID: 0000-0002-1611-5000; eLibrary SPIN: 3139-3581;
e-mail: trufanovge@mail.ru

Alexander Yu. Efimtsev, MD, Dr. Sci. (Medicine), Professor of the
Department; ORCID: 0000-0003-2249-1405;
eLibrary SPIN: 3459-2168; e-mail: atralf@mail.ru

Konstantin B. Abramov, MD, Cand. Sci. (Medicine);
ORCID: 0000-0002-1290-3659; eLibrary SPIN: 5615-4624;
e-mail: kalyghanin@mail.ru

Gleb V. Kondratiev, MD, Pediatric Oncologist, Assistant Professor
of the Department; ORCID: 0000-0002-1462-6907;
eLibrary SPIN: 9092-3185; e-mail: spbgvk@mail.ru

*Anatoly G. Levchuk; address: 2, Akkuratova str., Saint Peters-
burg, 197341, Russia: ORCID: 0000-0002-8848-3136;
eLibrary SPIN: 6214-5934; e-mail: feuerlag999@yandex.ru

* Corresponding author / ABTOp, 0TBETCTBEHHBIV 33 NEPENMCKY

Tom 44,N° 2, 2025

DO https://doi.org/ 10.17816/rmmarb60874

V138ecTua Poccuiickonm
BOEHHO-Me/LIHCKOM aKaaemm

Ob ABTOPAX

Cemubpartos Hukonait Hukonaesuu, Bpay-peHTreHonor;
ORCID: 0000-0002-0034-7413; eLibrary SPIN: 9179-7660;
e-mail: nsemibr@gmail.com

®okuH Bnagumup AnekcanzpoBuu, JOKT. Mef. HayK, npodeccop;
ORCID: 0000-0001-7885-9024; eLibrary SPIN: 5939-5198;
e-mail: vladfokin@mail.ru

TpydaHos leHHapuii EBreHbeBuY, OOKT. Mef. HayK, npodeccop;
ORCID: 0000-0002-1611-5000; eLibrary SPIN: 3139-3581;
e-mail: trufanovge@mail.ru

EdumMues Anekcanap H0pbeBuy, LOKT. Mef. HayK, npodeccop
Kacdegpsl; ORCID: 0000-0003-2249-1405;
eLibrary SPIN: 3459-2168; e-mail: atralf@mail.ru

A6pamoB KoHcTaHTH BopucoBuy, KaHf,. Meq, Hayk;
ORCID: 0000-0002-1290-3659; eLibrary SPIN: 5615-4624;
e-mail: kalyghanin@mail.ru

Kongpatbes [ne6 BaneHTUHOBUY, Bpay — [IETCKMIA OHKOSIOT,
accucteHT kadeapsl; ORCID: 0000-0002-1462-6907;
eLibrary SPIN: 9092-3185; e-mail: spbgvk@mail.ru

*JleBuyk AHatonui MeHHagbeBuy; agpec: Poccus, 197341,
CaHrr-Tetepbypr, yn. AkkypatoBa, . 2; ORCID: 0000-0002-8848-3136;
eLibrary SPIN: 6214-5934; e-mail: feuerlag999@yandex.ru



https://orcid.org/0000-0002-0034-7413
https://www.elibrary.ru/author_profile.asp?spin=9179-7660
mailto:nsemibr@gmail.com
https://orcid.org/0000-0002-0034-7413
https://www.elibrary.ru/author_profile.asp?spin=9179-7660
mailto:nsemibr@gmail.com
https://orcid.org/0000-0001-7885-9024
https://www.elibrary.ru/author_profile.asp?spin=5939-5198
mailto:vladfokin@mail.ru
https://orcid.org/0000-0001-7885-9024
https://www.elibrary.ru/author_profile.asp?spin=5939-5198
mailto:vladfokin@mail.ru
https://orcid.org/0000-0002-1611-5000
https://www.elibrary.ru/author_profile.asp?spin=3139-3581
mailto:trufanovge@mail.ru
https://orcid.org/0000-0002-1611-5000
https://www.elibrary.ru/author_profile.asp?spin=3139-3581
mailto:trufanovge@mail.ru
https://orcid.org/0000-0003-2249-1405
https://www.elibrary.ru/author_profile.asp?spin=3459-2168
mailto:atralf@mail.ru
https://orcid.org/0000-0003-2249-1405
https://www.elibrary.ru/author_profile.asp?spin=3459-2168
mailto:atralf@mail.ru
https://orcid.org/0000-0002-1290-3659
https://www.elibrary.ru/author_profile.asp?spin=5615-4624
mailto:kalyghanin@mail.ru
https://orcid.org/0000-0002-1290-3659
https://www.elibrary.ru/author_profile.asp?spin=5615-4624
mailto:kalyghanin@mail.ru
https://orcid.org/0000-0002-1462-6907
https://www.elibrary.ru/author_profile.asp?spin=9092-3185
mailto:spbgvk@mail.ru
https://orcid.org/0000-0002-1462-6907
https://www.elibrary.ru/author_profile.asp?spin=9092-3185
mailto:spbgvk@mail.ru
https://orcid.org/0000-0002-8848-3136
https://www.elibrary.ru/author_profile.asp?spin=6214-5934
mailto:feuerlag999@yandex.ru
https://orcid.org/0000-0002-8848-3136
https://www.elibrary.ru/author_profile.asp?spin=6214-5934
mailto:feuerlag999@yandex.ru

	Magnetic Resonance Imaging-Based Frontal Lobe Morphometry in Pediatric Patients

	Abstract

	To cite this article



	Особенности магнитно-резонансной морфометрии в исследовании структур лобных долей у детей

	Аннотация

	Как цитировать


	Background

	Methods

	Results

	Discussion

	Conclusion

	Additional Info

	Дополнительная информация

	References

	Authors' Info

	Об авторах



