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Introduction. Modern combat operations are accompanied by large-scale health consequences, one of the most common of which is
damage to the long bones of the skeleton. One of the most common consequences is injury to the long bones.

The aim of the research is to determine a describe the clinical and anatomical structure of defects in the long bones of the skeleton
depending on the volume (size of the defect).

Materials and research methods. The study is based on an analysis of 115 cases of long bone defects resulting from combat-related
trauma.

Results and their discussion. As a result of the data analysis, it was established that in the total body of the study, long bone defects with
a size 0f 5.0-9.99 cm (41.31%) are most often found in patients with mine-explosive injuries, and defects > 20.0 cm in size (2.17%) are the
least common. In shoulder injuries, defects with a size of 5.0-9.99 cm (80.00%) prevail. Most often, defects of forearm bones have a size of
5.0-9.99 cm (57.14%). 50.00% of hip defects also have a size of 5.0-9.99 cm. 35.48% of shin bone defects have a size of 10.00-14.99 cm, and
33.87% —5.0-9.99 cm. In addition, defects larger than 20 cm were found in our study in 3.23% of shin bone injuries.

Conclusions:

1. The sizes of bone defects due to combat injuries are diverse. The largest proportion is in defects measuring 5.0-9.99 cm. 41.31% of
defects have the smallest proportion with a size greater than 20 cm (2.17%).

2. The occurrence of bone defects obviously depends on the segment of the lesion, and in all groups of defects, as in the general array,
lesions of the lower extremities predominate.

3. There is a tendency for bone defects to occur predominantly in the distal segments of both the upper and lower extremities, but this
tendency is more pronounced in the lower extremities.

4. The size of the bone defect obviously depends on the segment of impact as the mechanism of implementation of the striking agent in
combat casualties.

Keywords: defects, size, long bones, combat trauma, long-bone defects, bone loss, defect size, combat injuries, mine-blast trauma.
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KJTHIKO-AHATOMIYHA CTPYKTYPA JE®EKTIB JOBI'HX KICTOK SAK YCKJAJTHEHHS BOMOBOi
TPABMHU. AHAJII3 OBCAT'Y JE®EKTY

lepoicaghuii  3ak1a0 « YKpAiHChKuil HAYKOBO-NPAKMUMHUIL YEeHMP eKCMpPeHoi MeOuuHoi 0onomo2u ma MeOUyuHu Kamacmpog
Minicmepcmea oxoponu 300pog’s Vxpainuy, Kuis, Yxpaina

2Tepnoninbcvka oonacna kainiuna nikapus, Tepronine, Ykpaina

Crarts npucBsiYeHa BU3HAYCHHIO, aHaIi3y Ta ()OPMYBaHHIO KJIiHIKO-aHATOMIYHOI CTPYKTYpH Ne(EKTiB JOBIUX KICTOK CKENeTa 3aJIeKHO
BiJ po3mipy nedexry. Lle mocimimpKkenHs 3acHOBaHe Ha PETPOCIIEKTUBHOMY aHawi3i 115 BUMankiB ged)eKTiB JOBIUX KiCTOK CKeleTa, [0 BUHH-
KJIM BHACIIIOK OTPHMAaHHS CydacHoi 00ioBoi TpaBMu. B pe3ynbrari aHami3y BCTaHOBJIEHO, IO PO3MipH Ae(eKTiB KiCTOK BHACTITOK OOHOBHX
ypakeHb € pi3HoMaHiTHUMH. Haiibinbiry mutomy Bary Maioth nedektu posmipom 5,0-9,99 cm — 41,31%, HaiimeHiy, 3 po3mMipoM aedexty
oursie 20 cm — 2,17%. Kpim Toro, po3mipn nedekTy KiCTOK, BipOTiJHO, 3aJIeXaTh BiJl CETMEHTa BPaXXeHHS K MeXaHI3My peai3arii Bpaxa-
F04OTO areHTa B IOCTPAXIAINX BHACTIJOK OOHOBHX iil.

Kurouogi cioBa: nedexrtr, po3mip, 10Bri KicTKH, 60HoBa TpaBMa.
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Introduction

Modern combat operations are accompanied by large-
scale medical and sanitary consequences, one of the most
common is damage to the long bones of the skeleton.
This type of injury accounts for 56-60% of all combat-
related injuries [1-4]. The results of treatment of victims
with gunshot fractures of long bones remain suboptimal
[5-9]. One of the most threatening complications of such
injuries is the development of long-bone defects [10—-14].
Unfortunately, the issue of assessing and verifying the size
of defects as a component of the clinical and anatomical
structure of defects of long bones as a whole remains
insufficiently studied, which, in turn, prevents the formation
of effective treatment measures. The above determines the
relevance of this study.

The aim of the work is to determine and characterize
the clinical and anatomical structure of defects of the long
bones of the skeleton depending on the volume (size of the
defect).

Materials and Methods

This study is based on the analysis of 115 cases of
defects in the long bones of the skeleton, resulting from
combat-related injuries. The sample size was sufficient
for reliable statistical analysis regarding what is necessary
and sufficient for conducting a full analysis and obtaining
reliable results. Taking into account the uncertainty of the
generally accepted classification of defects in long bones in
sources of scientific information and the practical lack of
consensus on this issue, it can be noted that, according to
some scientists, large defects of long bones are considered
to be defects of 2.5 cm or more in size [15-17]. Given the
extent and character of combat injuries in combat trauma of
long bones, we applied the following working classification
of defect sizes: up to 4.99 cm, 5-9.99 cm, 10-14.99 cm,
15-19.99 cm and more than 20 cm. An analysis of the
distribution of the study array was carried out based on the
size of defects both in the general study array and in the
arrays of each limb segment separately. An integral analysis
of the distribution of defects in a comparative aspect based
on the size (volume) of defects and limb segments was also
carried out.

The analysis of the actual study material was carried out
using methods of non-parametric and parametric statistics
and elements of fractal analysis. The analysis was carried
out in accordance with the criteria and requirements of
evidence-based medicine using computer technologies.

The study complies with the requirements established
by the Declaration of Helsinki, adopted in 1964 and revised
by the 59th WMA General Assembly. The study complies
with modern ethical standards and principles of conducting
scientific research (Minutes of the meeting of the Ethics
Committee No. 3 dated 30.07.2025, State Institution
“Ukrainian Scientific and Practical Center for Emergency
Medical Care and Disaster Medicine of the Ministry of
Health of Ukraine”). Informed consent was obtained from
all participants.

Research results and their discussion
Given the nature and purpose of this study, we divided
the total study sample by defect size in accordance with
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our working classification. The results of this analysis are
presented in Table 1.

Table 1
Analysis of the distribution of the total study array
based on defect size

Defect size Proportion, % Rank
2.5-4.99 17.39 3
5.0-9.99 41.31 1

10.0-14.99 26.09 2

15.0-19.99 13.04 4
Over 20 2.17 5

Total 100.00 —

The data in Table 1 show the following: the largest pro-
portion (first place) is occupied by bone defects measuring
5.0-9.99 cm in size with an indicator of 41.31%. In sec-
ond place are victims with a defect in long bones measur-
ing 10.00-14.99 c¢cm (26.09%). Thus, in the general study
population, victims with a defect volume of 5.0-14.99 cm
have a proportion of 67.40%, that is, the vast majority. In
third place are victims with a defect size of 2.5-4.99 cm —
17.39%. Defects measuring more than 15 cm occur only
in 15.21%, and very large defects measuring more than
20 cm — only in 2.17%.

Summarizing the above, we can conclude that the great-
est problem for providing medical care is patients with a
defect volume of 5-14.99 cm. The ratio of the maximum
and minimum values of the distribution indicators is 19.04,
which indicates a high dissipation of the distribution and
indirectly — the probability of this distribution.

In order to more thoroughly analyze and assess the
defects of long bones in this study, we studied and analyzed
the sizes of the defects depending on the anatomical seg-
ment. The data of such an analysis are given below.

The results of the distribution of the array of victims
with a defect of the humerus are given in Table 2.

Table 2
Analysis of the distribution of the array of victims with
a humerus defect

Defect size Proportion, % Rank
2.5-4.99 20.00 2
5.0-9.99 80.00 1

10.0-14.99 0 3

15.0-19.99 0 3
Over 20 0 3

Total 100.00 -

The data presented in Table 2 show the following: all
defects of the humerus are less than 10 cm in size, and
80.00% of them are victims with defects of 5.0-9.99 cm.
Thus, it can be noted that the humerus is characterized by
defects of relatively moderate size. Defects of the humerus
larger than 10 cm in statistically significant numbers were
not identified.

Data on the sizes of defects of the forearm bones are
given in Table 3.

When analyzing the data in Table 3, the following was
found: all forearm bone defects in our study have a size of
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Table 3
Analysis of the distribution of the array of victims with
a forearm bone defect

Table 5
Analysis of the distribution of the array of victims
with a defect in the tibia bones

Defect size Proportion, % Rank Defect size Proportion, % Rank
2.5-4.99 42.86 2 2.5-4.99 12.90 4
5.0-9.99 57.14 1 5.0-9.99 33.87 2

10.0-14.99 0 3 10.0-14.99 3548 1

15.0-19.99 0 3 15.0-19.99 14.52 3
Over 20 0 3 Over 20 3.23 5

Total 100.00 - Total 100.00 -

less than 10 cm, which is due in particular to the size of
the anatomical segment itself. It is noteworthy that defects
with a size of 5-9.99 cm (first place) — 57.14% predominate
to a certain extent. Defects of forearm bones with a size
of more than 10 cm in our study were also not found in a
statistically significant volume.

The results of the analysis of the size of the defect in the
femur are given in Table 4.

a femoral bone defect

Table 4
Analysis of the distribution of the array of victims with

Defect size Proportion, % Rank
2.5-4.99 22.22 2
5.0-9.99 50.00 1

10.0-14.99 11.11 4

15.0-19.99 16.67 3
Over 20 0 5

Total 100.00

The data presented in Table 4 allow us to note that by
proportion 50% are defects with a size of 5.0-9.99 cm,
in second place are defects of the thigh with a size of
2.5-4.99 cm (22.22%). Thus, defects of the femur with a
size of up to 10 cm occur in 72.22% of victims of this group.
Fractures from 15.00—19.99 occur in 16.67% of victims. It
is also noteworthy that defects of more than 20 cm in a
statistically significant volume did not occur in our study.

The results of distribution based on the size of defects
of the bones of the lower leg are shown in Table 5.

The analysis of the data presented in Table 5 allows us
to establish the following: the largest proportion consisted
of patients with a defect size of 10-14.99 cm (35.48%)), the
second — with a defect size of 5-9.99 cm (33.87%). Thus,
victims with a defect size of up to 10 cm constitute 46.77%

of the victims in this group by specific weight. There are
also bone defects of more than 20 cm, which occupy the
fifth rank in the distribution with a specific weight of
3.23%. The presence of such large defects, as proven by
the analysis of cases, is associated with the impact of the
damaging agent in mine-explosive trauma.

In order to determine the influence of the anatomical
segment of the lesion on the defect size, we divided the
study array into groups of defect size by the anatomical
segment of the lesion. The data are presented in Table 6.

Comparative analysis of the data presented in Table 6
allows us to establish the following: most of the sizes up
to 5 cm are found on the lower leg — 50%, in the second
place — the hip (5.00%), in the third place — the forearm
(18.75%). Overall, upper-limb defects accounted for 25%,
nearly twice the proportion observed in the total sample.
The ratio of the upper and lower limb in the group of
defects up to 5 cm is 3.0, which is significantly different
from the ratio in the general array — 6.7.

In the group of defects with a size of 5.0-9.99 cm. the
size of the defect by specific weight also prevails with dam-
age to the lower leg — 55.26% of this group. In the second
place is also the hip — 23.68%. Both segments of the upper
limb have a specific weight of 10.53%. Thus, the damage
to the lower limb is 78.94% of the specific weight of this
group, which is somewhat lower than the indicator of the
general mass. The ratio of the upper and lower limbs in this
group is 3.8, which is significantly lower than the indicator
of the general mass.

In the groups of defects of more than 10 cm, damage
to the upper limb with the occurrence of bone defects did
not occur. Summarizing the above, we can conclude that
bone defects occur more often when the distal segments of
the limbs are affected, and for the upper limb, defects up to
5 cm are more typical, and for the lower limb in general,
defects of 5-9.99 cm are typical.

Table 6

Integral analysis of the distribution of the study array in the group of lesion segments based on the defect size

Anato-mical 2.5-4.99 5.0-9.99 10.0-14.99 15.0-19.99 over 20 Total
segment array
* rank * rank * rank * rank * rank

Shoulder 6.25 4 10.53 3 0 3 0 3 0 2 5.43

Forearm 18.75 3 10.53 3 0 3 0 3 0 2 7.61
Hip 25.00 2 23.68 2 8.33 2 25.00 2 0 2 19.57
Shin 50.00 1 55.26 1 91.67 1 75.00 1 100.0 1 67.39
100.0 — 100.0 — 100.0 — 100.0 — 100.0 - 100.0

Note: * proportion, %.
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There is also an increase in the ratio of the distal seg-
ment to the proximal segment with an increase in the
indicator of the “defect size” feature. In addition, it is
worth noting that the lower leg has the first rank in terms
of specific weight in all groups formed by the defect vol-
ume feature. The thigh has the second rank, which cor-
responds to the rank distribution in the general array. As
the analysis of cases has shown, this nature of the dis-
tribution is due to the predominant mechanism of dam-
age — mine-explosive, with the most intense impact on
the lower extremities.

As aresult of the polychoric analysis of the data in Table
6, it was established that there is a positive and moderately
strong association (¢2 = 0.3107; C = 0.4869), which was
statistically significant (% = 28.58).

Summarizing the above, it is worth noting that the
occurrence of bone defects of a specific size depends on the
segment of the lesion, which in turn is the implementation
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of the mechanism of influence of a high-intensity damaging
agent, primarily of mine-explosive origin.

Conclusions

1. The sizes of bone defects due to combat injuries are
diverse. The largest proportion (41.31%) consisted of defects
measuring 5.0-9.99 cm, whereas the smallest proportion
(2.17%) involved defects > 20 cm. The occurrence of bone
defects was significantly associated with the segment of the
lesion, and in all groups of defects, as in the general array,
lesions of the lower extremities prevail.

2. There is a tendency for the predominant occurrence
of bone defects in the distal segments of both the upper and
lower extremities, but this tendency is more pronounced in
the lower extremities.

3. The size of the bone defect obviously depends on
the segment of impact as the mechanism of implementation
of the damaging agent in victims of combat operations.
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