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Abstract

Aim - to evaluate the dynamics of anteroposterior dimensions and X-ray
density of the Ty, vertebra in men from the first period of adulthood to old
age according to computed tomography (CT) of the chest.

Material and methods. The work is based on the results of CT scans of
patients undergoing chest examinations. The height, width, anterioposterior
dimension, and X-ray density of the T\, vertebra body were measured. The
study sample consisted of individuals with normal body weight, mesomorphic
body type, without history of injuries and skeletal abnormalities. 60 patients
were randomly selected from 78 subjects, so that each group had the same
number of patients: 20 people. The first group consisted of men of the first
period of adulthood (22-35 years of age), the second group included men of
the second period of adulthood (36-60 years of age), the third group consisted
of elderly men (61-75 years of age).

Results. The study revealed a tendency for the T, vertebral body height
parameters to decrease by 7.8% in old age (t=2.01; p>0.05). A tendency for the

T, vertebral body width parameters to increase by 2.18% in old age (t=0.54;
p>0.05) was revealed. At the same time, a tendency for the anteroposterior
size parameters of the T\, vertebral body to increase by 2.25% was determined
(t=0.60; p>0.05). The X-ray density indices of the Ty, vertebral body are
characterized by a significant decrease in parameters with increasing age
(p<0.001).

Conclusion. As a result of the conducted intravital study, new data on the age-
related anatomy of the T, vertebra in men were obtained. Since the anatomical
parameters of the vertebra are not static values and change with age, this
information will useful in clinical practice of such specialists as gerontologists,
traumatologists, vertebrologists, radiation diagnosticians, in sports medicine
and in the work of exercise therapy doctors.
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AdvuHaMuka MopgoTonoMeTprUYeCcKnuX xapakTepmucTmuk
U PEHTreHOBCKOMW NSIOTHOCTU T,, NO3BOHKa Y MY>XX4YUH
OT NepBOro nepmvoaa 3pesioro Ao NOXWJIOro Bo3pacTa

O.A. YyauHos, U.A. BanaHguHa, A.A. BananpguH

@®rb0Y BO «llepmMckuin rocynapCTBEHHbIN MEOULIMHCKUA YHUBEPCUTET MeHu akagemumka E.A. BarHepa»
MuHsgpasa Poccun (Mepmb, Poccuiickas ®epepauust)

AHHOTaumA

Iens — oneHUTL JUHAMUKY BLICOTHI, IIUPHHEL, IIepefjHe-3a/[Hero pa3Mepa U
PEeHTTeHOBCKOH MIIoTHOCTH Terna Ty, o3BOHKa y My>KUMH OT TIepBOTO IepHofia
3peJioro [0 MOXHJIOTO BO3pacTa 110 JaHHBIM KOMIIbIOTePHOW ToMorpapuu
(KT) rpynHO¥ KIIETKH.

Marepuan 1 MeTonbl. B ocHOBY paboTs! nosoxxeHs! pedynbrarel KT na-
I[MeHTOB, IPOXOUBIIMX 06CIef0BaHNe OPraHOB IPyAHOM kieTku. Ompe-
JeJIsUIA BBICOTY, IIMPUHY, Nlepe/iHe-3aJHUI pa3Mep U PeHTI'eHOBCKYIO
mIoTHOCTh Tena Ty, mosBonka. BeibopKy uccieoBaHUs COCTaBUIIH JIMIA
C HOpPMaJIbHOM MacCO¥ Tejla, Me30MOP(HLIM TUIIOM TeJIOCIOXKeHHUs, 6e3
TPaBM U aHOMAJIM{ pa3BHUTHUs CKejleTa B aHaMHese. M3 78 ob6cienyeMbix

www.innoscience.ru

CJTydaiiHbIM 00pa3oM 6bur 0To6paHbl 60 HaMeHTOB Tak, YTOOBI B KAXKI0H
rpymie 6bIJI0 UX OiMHAKOBOe KoynndecTBo — 20 venoBek. [lepBas rpymma
COCTOSIa U3 MY)XYMH IIEPBOr0 Ieprofa 3pesioro Bospacra (22-35 ner),
BTOpAasi IpyIIa BKJII0Yaua MYy)XX4YUH BTOPOTO IePHUO/ia 3peJioro Bo3pacTa
(36—60 JieT), TpeTbiO TPYIITYy COCTABWIM MY>KYMHBI IIOXKUJIOTO BO3pacTa
(61-75 ner).

PesynwraThl. B xoJie nccieioBaHys YCTaHOBIIEHA TEHIEHIMSI K CHHDKEHHIO
I1apaMeTpoB BEICOTHI Tela Ty, II03BOHKa K MOXUIOMY Bo3pacTy Ha 7,8%
(t=2,01; p>0,05). BrisiBieHa TeH/IeHINS K YBEJIIEeHUIO TapaMeTPOB IIUPHHBI
tena T, 103BOHKa K OXuUIO0MY Bo3pacty Ha 2,18% (t=0,54; p>0,05). Hapsamy
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C 3THIM OIIpefiesieHa TeHJeHIVs K yBeJIMIeHHIO [TapaMeTpoB IiepeiHe-3a/{Hero
pasmepa Tena T\, mossonka Ha 2,25% (t=0,60; p>0,05). IToxazarenu peHr-
IeHOBCKOH IIOTHOCTH Tejia Ty, MO3BOHKA XapaKTepU3yIOTCs IOCTOBEPHBIM
CHIKeHHeM ITapaMeTpoB K NoxunoMy Bospacty (p<0,001).

3akirouenue. B pesynsrare NIpoBeleHHOTO NIPYXKM3HEHHOTO UCCIeOBAaHUS
IOJTyYeHbl HOBBIE JJaHHBIe O BO3PACTHOM aHaToMKU T\, T03BOHKA y MY>XKUHH.
TMockonpKy aHaTOMHUYECKHYe [TapaMeTphl I03BOHKA He SIBJISIOTCS CTAaTUYHBIMU

BeJIMYMHAMU U U3MEHSIOTCS C BO3PacToM, 10JTy4eHHble CBeleHUs GyayT BOC-
TpeOOBaHbI B KIIMHUYECKOH ITPaKTHKe y TAaKUX CIIeIUaICTOB, KaK FepPOHTOJIO-
', TPABMaTOJIOTH, BepTeOpOJIOTy, JIy4eBble JUarHOCThI, Bpauu CIIOPTUBHON
MeJIULIMHBI U JledeOHON GU3KYIIBTYPBI.

KuroueBble ciioBa: 1o3BOHOK T, BO3pacTHbIe U3MeHeHus, MopdomeTpus,
KT, peHtreHoBckast INIOTHOCTb.

KoH}IuKT HHTEpecoB: He 3asBJleH.
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m INTRODUCTION

he thoracic section of the sine is a peculiar, interesting

region of the body for researchers of various disciplines. It
is the bases of the rib cage and the most rigid part of the spine;
at the same time, it retains some degree of mobility required
for normal vital activities. Usually, biomechanical stability and
mobility are opposite characteristics: as stability increases, the
mobility decreases. However, the thoracic section of the spine
is unique in combining the two properties [1].

The object of our study is the sixth thoracic vertebra
(TVI). It is the ‘center’ of the thoracic section of the spine
and plays a number of clinically important roles. It borders
on the main primary bronchus forming the thoracic kyphosis
and undertaking a complex load: the posterior of the base
of this spinous process is usually exposed to tensile forces,
and the anterior side, conversely, to forces of compression
[2-4].

We studied the changes of the TVI vertebra in the aspect
of age in men. Such data is practically absent in the scientific
literature despite its importance for a number of reasons.
Firstly, according to the medical statistics, men of advanced
and old age are a category of population fairly vulnerable to
trauma. Several factors are at work: coordination disorders
due to age-associated changes in the cerebral structures,
vestibular sickness, sedentary lifestyle, and excess body
mass [5-7]. According to the findings of a study of Irish
researchers in 2022, duration of hospital stay of patients aged
over 65 with spinal traumas was 1.5 times longer than that
of younger patients (21 vs. 14 days), and the mortality in the
older group was more than 4 times higher (4.6% vs. 0.97% in
the younger group) [8]. Secondly, men, even in the advanced
age, are an important element in the economy of developing
countries. Quite a significant number of them are actively
working and are in demand in the labor market. The above
factors pose global tasks for the development of personalized
medicine [9].

m AIM

To evaluate the dynamics of anteroposterior dimensions
and X-ray density of the TVI vertebra in men from the
first period of adulthood to old age according to computed
tomography (CT) of the chest.
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m MATERIAL AND METHODS

The work is based on the results of CT scans of patients
undergoing chest examinations in the admissions department
of Perm Region City Clinical Hospital No. 3 in 2023-
2024. All patients provided a consent for the study that
was performed to exclude possible pulmonary pathologies
according to indications.

The height, width, anterioposterior dimension, and X-ray
density of the TVI vertebra body were measured on the
Optima 660 computed tomography scanner (Fig. 1-3).

The analysis of CT scans was performed with the
RadiAnt specialized software suite. The subjects of
the study were individuals with normal body weight,
mesomorphic build, no history of skeletal trauma or
development abnormalities.

Of the 78 examined subjects, 60 patients were randomly
selected in such a way that each group had an equal number
of patients (20). The first group consisted of males of the
first adult period (22-35 years of age), the second, men of

Figure 1. Example of width measurement of the vertebral body in a
23-year-old man.

PucyHok 1. lpumep usmMepeHus WupuHbl mesna NO3BOHKa y
MY)XYUHbI 23 nem.

www.innoscience.ru
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Figure 2. Example of height and anteroposterior size measuring
of the vertebral body in a 23-year-old man.

PucyHok 2. [Tpumep usamepeHus BbIcOmbl U NnepedHe-3ao0Hez0
pa3Mepa mesa No03BOHKA Y MyX4UHbI 23 nem.

Figure 3. Example of X-ray density measurement of the vertebral
body in a 23-year-old man.

PucyHok 3. [Tpumep usmepeHusi peHmaeHoBCcKol niomHocmu mena
NO3BOHKA Y MY>XX4YUHbI 23 nem.

the second adult period (36—-60 years), third group, elderly
men (61-75 years).

The statistical analysis was performed in Microsoft Excel
2019. The results were presented as the arithmetic mean (M)
and standard error (m), median and variation coefficient. To
check the normality of distribution of variation rows, the
Kolmogorov-Smirnov test was used. Student’s parametric
t-test was used to test the equality of average values in
the two samples. Differences were considered statistically
significant at p<0.05.

www.innoscience.ru

pevoetos | e e | wn | o | ov | e

(Frifég)d““pe”w 19095027 20 17,5 076 004 19,3

Second adult period
(n=20)

Elderly age (n=20)

18,78+0,59 21,4 16 1,88 0,10 18

17,60+069 20,4 149 183 010 173

Table 1. Body height indicators T, spine in men in the studied age
periods according to CT-scans, mm (n=60)

Tabnuua 1. [Tokaszamenu Bbicomsl mena T,, NO3BOHKA Y My)X4UH B
uccnedyeMblx Bo3pacmHbix nepuodax no 0aHHbIM KT, MM (n=60)

pesoures | | wec | | o | ov | e

g gyt period 27,92¢0,94 327 253 265 009 281

Second adult period
(n=20)

Elderly age (n=20)

27,55+0,65 31,4 253 205 0,07 276

27,31+0,64 29,9 252 168 0,06 27,2

Table 2. Indicators of the body width of the T, vertebra in men in the
studied age periods according to CT- scans, mm (n=60)

Tabnuua 2. lNokasamesnu wupuHbl mena T,, NO3BOHKa Y MyX4UH B
uccnedyeMbix Bo3pacmHblX nepuodax no daHHbIM KT, MM (n=60)

pevoeios | e o [wn | o | ov | e |

gyt period 26,27:0,64 283 236 180 007 273

Second adult period
(n=20)

Elderly age (n=20)

26,41+0,65 29,3 235 204 0,08 263

26,86x0,75 296 235 1,99 0,07 26,4

Table 3. Indicators of anterior-posterior body size of the T,, vertebra
in men in the studied age periods according to CT- scans, mm
(n=60)

Ta6nuua 3. [Nokasamenu nepedHe-3adHe20 pasmepa mena T,,
NO3BOHKA Y MY>XHUH B UCC/IedyeMblX BO3pacmHbIX nepuodax no
0aHHbIM KT, MM (n=60)

T N 2 R A

(Flifég)d“‘”’e”°d 217,27¢200 373 165 6331 029 215

206,00+1,07 296

Secon)d adult period 143 3048 015 205

(n=20

Elderly age (n=20) 194,13+2,48 253 104 65,77 0,34 186

Table 4. Indicators of X-ray body density of the T, vertebra in men in
the studied age periods according to CT- scans, Hu (n=60)

Tabnuua 4. [Nokasamenu peHmaeHoBcKol nnomHocmu mena T,
NO3BOHKA Yy MYXYUH B UCC/IEdyeMbiX BO3PaCcmHbIX Nepuodax no
daHHbIM KT, HU (n=60)

m RESULTS

The data on the dimensions and X-ray density of the TVI
vertebral body in the tested age groups follow in Tables 1-4.

In the course of the study, a tendency was identified for the
parameter of height of the TVI vertebra body to decrease over
elderly age by 7.8% (t=2.01; p>0.05). There was a tendency
for the width of the TVI vertebra body to increase over the
elderly age by 2.18% (t=0.54; p>0.05). At the same time, a
tendency was identified for the anterio-posterior dimension
of the TVI TVI vertebra body to increase by 2.25% (t=0.60;
p>0.05). The value of the X-ray density of the TVI TVI
vertebra body demonstrates a reliable decrease over the
elderly age (p<0.001).

In other words, when discussing age-related dynamics, it
can be stated that the vertebral body flattens with age, meaning
its height decreases, while its width and anteroposterior
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dimension, conversely, increase. Radiographic density
decreases by advanced age.

m DISCUSSION

Aging is a systemic process with its proper laws and
changes taking place on the molecular and cellular level. The
aging of an organism can be defined as the state of progressive
functional deterioration of its tissues. Accumulated cellular
damage by mitochondrial oxidation, disorders in the DNA
molecular structure by ‘incorrect’ proteins affects the
operation of their organelles. The changes that follow lead
to accumulation of dysfunctional cells in the tissues, which
complicates maintenance of homeostatic mechanisms thereby
limiting the regenerative potential [10-12].

There are several interesting publications in the literature
that focus on biomechanical features of the aging spine.
In their paper, M. Papadakis et al. (2011) presented a brief
review of pathophysiological processes taking place in the
aging spine and described the outcomes of these changes for
the spine biomechanics. According to this review, the body of
the vertebra is subjected to a greater part of the load that the
spine is exposed to. The vertebra body consists of a spongy
bone that becomes more dense and strong at the periphery
forming the external layer; however, the main factor that
defines the mechanical strength of the vertebra body is not
that external layer but the microarchitecture. The osseous
trabeculae adjoining the end plate and located in the posterior
area of the body are much larger and their network denser.
Conversely, the central and the anterior parts of the vertebra
body have lower regional density, thinner and less ordered
trabeculae. At the same time, the mechanical properties of
the vertebra body are directly related to its mineral density.
The correlation between the bone density and strength under

compression is exponential; therefore, a minor decrease in the
former parameter leads to a major decrease in the latter [13].

The review of S.J. Ferguson and T. Steffen was published
much earlier (2003). According to this study, starting from
the fourth decade of life men can easily lose up to 30%, and
women up to 50% of bone mass. The researchers also noted
heterogeneity in the microstructure of the vertebra bodies.
They explain these differences in the mechanical properties
with adaptation to environment; in the specific case of the
spine this is explained by higher axial loads transferred by
the central area adjacent to the nucleus pulposus, unlike the
peripheral area adjacent to the annulus fibrosus [14].

One should also mention the study of Swiss scientists
published in 2018. D. Ignasiak et al. studied the effect of
age-related changes of the spine on its kinematic features
in the course of daily activities with respect to segmental
loads. The researchers found that the maximum compression
loads predicted in elderly people were lower than those in
young people at the following levels: L2/L.3 and L3/L4 of
the lumbar spine during flexure; upper thoracic levels during
transition from standing to sitting position (T1/T2-T8/T9),
and from the sitting to the standing position (T3/T4-T6/T7)
[15].

m CONCLUSION

As aresult of the conducted intravital study, new data on
the age-related anatomy of the TVI vertebra in men were
obtained. Since the anatomical parameters of the vertebra
are not static values and change over age, this information
will be useful in clinical practice of such specialists as
gerontologists, traumatologists, vertebrologists, radiation
diagnosticians, in sports medicine and in the work of exercise
therapy doctors. P=
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