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Modern combat operations cause severe injuries to humans
due to the impact of new, more intense means of destruction.
Objective. To determine the general structure of the applica-
tion of medical technologies for the surgical treatment of vic-
tims with defects of long bones due to modern combat trauma.
Materials and methods. The study is of a cohort nature, con-
ducted in accordance with the requirements and criteria of evi-
dence-based medicine with the level of evidence II b Oxford.
The study array consisted of 115 cases of long bone defects in
victims with combat trauma. This study was conducted in com-
pliance with the requirements of the Declaration of Helsinki,
approved by the Bioethics Commission of the State Research
Institute «Ukrainian Scientific and Practical Center of Emer-
gency Medical Care and Disaster Medicine of the Ministry
of Health of Ukrainey». Results. The study found that in the gen-
eral population of victims with long bone defects due to combat
trauma, the following technologies were most often used: retro-
grade bone transport 29.35 %, Masquelet technology 27.17 %,
antegrade bone transport 21.74 %. It was also found that only
Masquelet technology is used in the surgical treatment of long
bone defects of all limb segments. The choice of technology for
the treatment of long bone defects probably depends on the limb
segment. All of the listed technologies were used on the distal
segment of the lower limb, but to varying degrees. Conclu-
sions. In the treatment of long bone defects due to modern com-
bat trauma, technologies are diverse, including both the latest
and classic approaches. Masquelet technology is the method
of choice for surgical treatment of victims of modern combat
trauma with bone defects of the long bones of the upper limb and
the proximal segment of the lower limb. Antegrade transport
technology is the method of choice for the distal segment of the
lower limb. The use of a specific technology for surgical treat-
ment of bone defects due to modern combat trauma evidently
depends on the characteristics of the affected segment. Further
careful research is needed to reliably explain this fact.

Ocobnusicmio cyyachux 60uUosux Oitl € 3acmocy8aHtsl HOGIMHIX
iHmeHcusHiuux 3aco6ie ypasicenns i, K HACIIO0K — MANCKIWLI
ywkooxcenns nioounu. Mema. Busnawumu 3aeanvhy cmpykmy-
Py 3acmocy8anta MeOUUHUX MeXHON02I XIpypeiuHo2o NiKy8am-
HSL ROCMPAdCcOanux i3 oepexmamu 0062ux KiCmoK YHACIIOOK
6ouosoi mpasmu. Memoou. Poboma mae Ko20pmuuil xapax-
mep, nposedena 8iON0BIOHO 00 uMo2 i Kpumepiie 00Ka3080i
Meouyunu 3i 3abes3neyenuam pieHa ookazosocmi 1Ib Oxford.
Macus Oocnidocennsn cknag 115 eunaokie Oeghexmis 0ogeux
Kicmok y nocmpasicoanux iz 6otiosoro mpasmoro. Pezynomamu.
Busisneno, wo 6 nayienmis iz deghexmamu 0082ux KiCmox yHac-
JIO0K 60080 Mpasemu 6 3a2aibHOMY MACUGl Hauuacmiue 3ac-
MOCOBY8ANUCH MAKI MEXHON02I: aHmeepaoHuil KiCmKoGull
mpancnopm — 29,35 %, Masquelet — 27,17 %, pempoepadnuii
xicmxogutl mpancnopm — 21,74 %. Jlosedeno, wo auwe mexmo-
noeis Masquelet 3acmocosyemvcs 0na Xipypeiunoeo niKy8anus
Odeghexmis 0082uUX KiCMOK yCix ceemenmis KiHyigok. Bubip me-
MOOuUKU NIKY8AHHA MaKux O0egheKmis ipociOHO 3anedHCums 8i0
ceemenma Kinyieok. Ha oucmanvHomy ceemenmi HUNMCHbOT KiH-
YI8KU 3aCMOCO8Y8ANUCA 8 PI3HIL MIpI 8Cl nepeniueri cnocoou.
Bucnoexu. Ichyrome pisnomanimui memoouxu 1iKyeanus degpex-
mig 0062uUx KiCmok yHacniook cyuacroi 60iio6oi mpasmu — sk
Hoeimui, mak i kaacuuni. Texnonoeia Masquelet € memooom
6UOOPY XIPYPiuHO20 6MPYYAHHA NOCMPAICOATUX YHACTIOOK
cyuacHoi 601060 mpasmu 3 depekmamu 0062UX KIiCMOK 8epX-
HbOI KIHYIBKU MA NPOKCUMATBHO20 Ce2MeHMa HUNCHbOI KIHYIG-
xu. Cnocib anmezpaonozo mpancnopmy 6UKOPUCHOBYEMbCS
6 pasi ypasiceHns OUCMAlbHO20 Ce2MeHmMa HUICHLOI KiHYIBKU.
3acmocysannsa KoHKpemnoi Memoouxu onepamuno20 Gmpy-
YaHHA 8 pa3l KICMKOBUX Oepexkmie 30e0i1bul020 3a1exHCums 8io
30HU ypascenus. [ 00CmogipHO20 NOACHEHHA Ybo2o (akmy
nompioui nodarvwi pemenvui docnioxcenns. Knouoesi crosa.
Josei kicmxu, degpexmu, posmipu, Xipypeiune NiKy8aHHs, mex-

Honoeii.
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Introduction

The ongoing modern combat operations on
Ukrainian territory result in severe injuries to indi-
viduals due to the impact of newer, more intensive
means of destruction. Today, the analysis of these in-
juries shows that 50—65 % of them affect the extrem-
ities [1, 2], often accompanied by significant damage
to both bones and soft tissues. This leads to an in-
creased risk of defects in long bones, both primary
and secondary in nature [3, 4].

Unfortunately, the effectiveness of treatment for
patients with long bone defects caused by combat in-
juries in Ukraine, as in the rest of the world, cannot
be considered satisfactory due to the absence of a uni-
fied system for surgical treatment methods. The vari-
ety of defect characteristics and their extent demands
a certain level of standardization in the use of these
treatment methods. To develop such a system, it is
critically important to study and analyze the surgical
intervention techniques applied to patients with long
bone defects [5-8].

All of the above emphasizes the necessity, rele-
vance, and nature of this study. This publication is
the first report of our observations and focuses solely
on the general characteristics of surgical technologies
used to treat patients with long bone defects resulting
from combat trauma.

Objective: to determine the overall structure
of the application of medical surgical technologies in
the treatment of patients with long bone defects re-
sulting from combat trauma.

Materials and Methods

This study is of a cohort nature, conducted accord-
ing to the requirements and criteria of evidence-based
medicine with a level of evidence Ilb, as per Ox-
ford classification. It includes 115 cases of long bone
defects in patients with combat trauma, selected
through irreversible randomization from a total pool
of 5,000 cases.

We performed an analysis of the medical records
of the patients with respect to the use of surgical
treatment methods for bone defects. Under these con-
ditions, evaluating the correctness and appropriate-
ness of a particular method was deemed adequate by
default.

Upon primary examination of the actual data, we
found that the following surgical treatment technol-
ogies were applied: Masquelet technique, antegrade
bone transport, retrograde bone transport, “ante-
grade + retrograde bone transport”, bifocal limb
lengthening, trifocal limb lengthening, bone plastic
surgery, length correction, and acute shortening.

A parametric (rank) and non-parametric (poly-
choric) analysis of the study material was conducted
using elements of fractal analysis. Data processing
was performed using computer technologies.

The study was carried out in accordance with the
requirements and criteria of evidence-based medi-
cine, adhering to the principles of the Helsinki Decla-
ration and the laws of Ukraine, approved by the Bio-
ethics Commission of the State Enterprise “Ukrainian
Scientific-Practical Center for Emergency Medical
Care and Disaster Medicine of the Ministry of Health
of Ukraine”, protocol No. 4 dated 12.11.2025. All pa-
tients provided informed consent.

Results

The aim of our study implied a general analysis
of the application of surgical treatment technologies
for large bone defects in the total sample (Table 1).

It was found that, among patients with long bone
defects, anterograde bone transport was the most
commonly used technique (29.35 %), ranking first,
followed by Masquelet in second place (27.17 %),
and retrograde bone transport in third (21.74 %).
The smallest proportion (the last, seventh rank) was
occupied by bifocal lengthening and acute shorten-
ing, both at 1.09 %. The ratio of the maximum to
minimum values is 26.93, indicating high dissipation
of the distribution and indirectly pointing to the reli-
ability of these results.

For a more detailed study of the issue of the use
of surgical intervention technologies, the sample
of patients with long bone defects was divided into
groups by the location of the injured area of the limbs
and treatment methods (Table 2).

Data analysis, presented in Table 2, showed the fol-
lowing: first, there is no overlap in the ranking posi-
tions of surgical treatment technologies across the an-
atomical segments of the limbs; second, for defects
of the proximal limb segments, Masquelet is used
most often. It is applied twice as often on the prox-
imal part of the upper limb as it is on the lower limb.

In the distal parts of the limb segments, there is
a significant difference between the upper and lower
limbs. In the first case (forearm), Masquelet was used,
and in volumes similar to those in the proximal limb
part. Bone plastic surgery was also applied in cases
of defects in the proximal part of the upper limb.

During the surgical treatment of bone defects
in the distal part of the upper limb, in addition to
Masquelet, technologies such as anterograde bone
transport and length correction were used (both
14.29 %).
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Table 1
Analysis of the application of various surgical approaches for treating long bone defects
Technology Percentage (%) Rank
Masquelet 2717 2
Anterograde bone transport 29.35 1
Retrograde bone transport 21.74 3
Anterograde + retrograde bone transport 3.26 6
Bifocal limb lengthening 1.09 8
Trifocal limb lengthening 2.17 7
Bone grafting 4.35 5
Length correction 9.78 4
Acute shortening 1.09 8
Table 2
Study of the cohort of patients in groups based on injury segment and intervention
Technology Shoulder = Forearm = Hip < Tibia = Total
percentage (%) & percentage (%) & percentage (%) & percentage (%) & percentage (%)

Masquelet 80.00 1 71.42 1 38.89 1 14.52 3 27.17
Anterograde 0 3 14.29 2 16.67 3 37.09 1 29.35
bone transport
Retrograde 0 3 0 3| 227 |2| 2580 2| 2
bone transport
Anterograde + retrograde 0 3 0 3 0 4 484 5 326
bone transport
Bifocal limb 0 3 0 3 0 4 1.61 7 1.09
lengthening
Trifocal limb 0 3 0 3 0 4 322 6 2.17
lengthening
Bone grafting 20.00 2 0 0 4 3.22 4.35
Length correction 3 14.29 2 16.67 3 8.06 9.78
Acute shortening 0 3 0 0 4 1.61 1.09

When treating bone defects in the proximal seg-
ment of the lower limb, two key observations stand
out: Masquelet is used half as often, and there is
a wider range of other techniques employed, includ-
ing retrograde and anterograde bone transport, as
well as length correction.

For defects in the distal part of the lower limb,
bone transport is predominantly used (anterograde —
37.09 % and retrograde — 25.80 %). Masquelet was
used much less, in only 14.52 % of cases, and length
correction in 8.06 %. Other methods used included
bifocal and trifocal limb lengthening, and, interest-
ingly, acute shortening of the limb.

In summary, it can be noted that during the sur-
gical treatment of bone defects in both the upper and
lower limbs, technologies were applied to varying
extents.

To further examine the frequency of use of differ-
ent surgical treatment technologies in patients with

long bone defects, we divided the patients into groups
based on the injured segment of the limb (Table 3).

It was found that only Masquelet was used dur-
ing surgeries for long bone defects in all segments
of the limbs. This method is most frequently used for
defects in the distal part of the lower limb (36.00 %),
and least frequently on the humerus (16.00 %). For
the femur, the proportion is 28.00 %, and for the fore-
arm, it is 20.00 %.

The treatment technology of anterograde bone
transport was most commonly used for defects
of the tibia — in 85.19 % of cases, and least fre-
quently for fractures of the radius — 3.70 %. This
method was not statistically significant in the treat-
ment of patients with humeral bone defects.

Retrograde bone transport was only applied for
long bone defects of the lower limb: in 75.00 %
of cases for the tibia and in 25.00 % for the femur. It
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was not performed in statistically significant volumes
in the upper limb segments.

Surgical treatment technologies such as bifocal or
trifocal lengthening of the limb, anterograde + ret-
rograde bone transport, and acute shortening were
only used for tibial bone defects (100 % in terms
of proportion).

Length correction was most commonly applied for
distal bone defects of the lower limb — 55.56 %, for
the femur — 33.33 %, and only 11.11 % for the radius.
Thus, this technique was used in 88.89 % of cases for
lower limb segments.

Bone plastic surgery was used in 25.00 % of cases
for humeral defects and in 75.00 % for large tibial
defects.

Therefore, the Masquelet technique is more uni-
versal and can be used for large defects of various
limb segments, whereas most other methods have
much narrower applicability, limited to specific areas.

After conducting a polychoric analysis of the data
in Table 3, a positive (¢> = 0.3381), very /strong
(C = 0.5027), and statistically significant (%> = 31.11)
correlation was found between the types of surgical
treatment and the segment of the limb affected by
the defect. These data fall within the confidence field.

Thus, it can be concluded that the application
of surgical treatment technologies for long bone
defects is significantly dependent on both the "up-
per-lower" limb and "distal-proximal" segment
classification.

Discussion

The results of this study indicate a variety of tech-
nologies used during surgical interventions for pa-
tients with long bone defects caused by modern com-
bat injuries. Both modern techniques like Masquelet

and traditional methods like bone transport are
employed.

Comparisons with global literature suggest that
Masquelet is more commonly used abroad for combat
injuries [9, 10]. However, this comparison cannot be
considered entirely accurate due to the unique scope
and nature of limb injuries in modern combat opera-
tions in Ukraine, particularly in terms of the medical
assistance provided.

A significant advantage of our study is the de-
tailed investigation of the application of technologies
based on the localization of bone defects in different
segments of the limbs. While such studies have been
conducted abroad, they have been limited to specific
methods of surgical treatment [11, 12].

In openand accessible sources of scientific infor-
mation, we did not find data on the use of surgical
treatment technologies for long bone defects due to
modern combat injuries based on limb segments in
statistically significant volumes [13—15]. Our research
has proven that the choice of a particular intervention
for bone defects caused by combat trauma is signifi-
cantly dependent on the affected segment. At the same
time, it should be noted that only Masquelet was used
to treat defects in all limb segments. Additionally,
we established the predominant use of the Masquelet
technique for upper limb defects. It was found that
this method was mostly used for proximal segments
of both the upper and lower limbs.

Bone transport was virtually not applied to
the proximal upper limb, and retrograde bone trans-
port was not used for the upper limbs. Furthermore,
techniques such as bifocal and trifocal lengthening
and acute shortening of bones were not used, but
bone plastic surgery was relatively widely applied
to the proximal upper limb segment. On the other
hand, the preferred method for surgical treatment

Table 3
Distribution of the cohort of patients in groups by treatment method based on the injured segment
Technology Shoulder Forearm Hip Tibia Total
percentage (%)

Masquelet 16.00 20.00 28.00 36.00 100
Anterograde bone transport 0 3.70 11.11 85.19 100
Retrograde bone transport 0 0 25.00 75.00 100
Anterograde + retrograde bone transport 0 0 0 100.00 100
Bifocal limb lengthening 0 0 0 100.00 100
Trifocal limb lengthening 0 0 0 100.00 100
Bone grafting 25.00 0 0 75.00 100
Length correction 0 11.11 33.33 55.56 100
Acute shortening 0 0 0 100.00 100
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of upper limb defects and proximal lower limb de-
fects is Masquelet, while for distal lower limb defects,
the preferred method is anterograde bone transport.
It is important to note that all surgical intervention
technologies were used exclusively for treating bone
defects in the distal lower limb segment. The analysis
of open sources did not allow us to explain these facts
with certainty. This requires detailed and thorough
investigation, the results of which will be shared in
our future scientific publications.

Conclusions

The technologies for treating long bone defects
due to modern combat trauma are diverse and in-
clude both innovative and classical approaches.
The Masquelet technique is the most commonly ap-
plied method for surgical treatment of patients with
long bone defects of the upper limb and proximal
segment of the lower limb caused by modern combat
trauma, while anterograde bone transport is used for
the distal segment of the lower limb.

The use of a specific surgical technology for treat-
ing bone defects due to modern combat trauma is
likely dependent on the segment of the injury. Further
thorough studies are required to reliably explain this

fact.
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