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Application of surgical technologies for the treatment
of victims with long bone defects due to modern
combat trauma. Message 2. Induced membrane technology
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Combat trauma, which, unfortunately, is now widespread in
Ukraine as a result of the Ukrainian-Russian war, causes se-
vere traumatic injuries to both military personnel and civilians.
Objective. To provide a complete description of the indications
for the use of induced membrane technology (Masquelet tech-
nology) in victims with long bone defects resulting from combat
trauma. Methods. This study is based on an analysis of 51 cases
of the use of the Masquelet technique in victims with long bone
defects due to combat injuries. Connection criteria: the use of this
particular technology is effective according to absolute or condi-
tionally absolute indications, it was effective Masquelet.Results. It
was established that the Masquelet technology was mainly used in
victims with long bone defects aged 31-40 years (52.94 %). In ad-
dition, the Masquelet technology was most often used on the lower
limb 64.70 %. There is a pattern in the use of the Masquelet
technology depending on the localization of the long bone de-
fect: in the proximal part of both the upper and lower limbs, this
technology was used more often. The Masquelet technology
was mainly used in victims with long bone defects measuring
5.0-9.99 cm (45.10 %). At the same time, the Masquelet technology
was not used for long bone defects larger than 15 cm. Conclusions.
The use of Masquelet technology is appropriate in victims with
defects of long bones due to combat trauma in young and middle
age, which is due to the age-dependent nature of bone tissue repair
processes. There is an obvious dependence of the effectiveness and
feasibility of using the induced membrane technology on the size
of the defect. The most appropriate application is with a defect size
of 5.0-9.99 cm and cavitary defects, regardless of the localization
of the defect. It is also necessary to take into account the results
of a comprehensive analysis of clinical-epidemiological and clini-
cal-anatomical features.

botlosa mpasma, saxa, Ha scans, 3apasz € nowupeHoo 8 Ykpaiui
BHACTIOOK POCIUCLKO-YKPAIHCLKOI GiliHU, NPU3600UMb 00 MAIC-
Kux mpagmamuynux ypascenv. Mema. Hasecmu nosnoyinmy
Xapakmepucmuky noka3ie w000 3ACMOCYSAHHL MeEXHON02I]
iHOyKO8aHOI MemOpanu (mexunonoeis Masquelet) y nocmpasicoa-
Jux i3 0eghekmamu 0o82ux KiCmokK YHACIIOOK 601080l mpasmu.
Memoou. Jlocnioxcenns rpynmyemocs wa aumanisi 51 eunaoxy
sacmocyeanns mexnoaoeii Masquelet y nayienmis i3 degex-
mamu 0082ux KiCMoK yHAcniook Oouiogux ypaxcenv. Kpumepii
BKIIOUEHHA: BUKOPUCMAHHA came yiei mexnonoeii 30ilicHe-
He 3a abconomHumu abo YMOBHO AOCONOMHUMU NOKA3AMU,
oyno egpexmuenum. Pesynomamu. Buseneno, wo mexmonocis
iHOYK0BANOI MeMOPaHU NepedasiCHO BUKOPUCHOBYBANACA 8 NO-
cmpasicoanux i3 degpexmamu 0ogeux xicmox sikom 31-40 po-
xi6 (52,94 %), nauuacmiuwe Ha HudicHIX KiHyiekax — 64,70 %.
Icnye 3axonomipnicmy ii 3acmocy8ants 3a1edCHO 6i0 JOKANI3A-
yii' deghexmy 006201 KicmKu, a came 6 NPOKCUMATLHOMY 8IO0LII
5K 6ePXHbOL, mak i HudCHvoi Kinyieku. 30ebinvbuoco Masquelet
3aCcmoco8ano 8 NOCMpaMsCOanux i3 Oegexmamu posmipamu
5,0-9,99 cm (45,10 %) i ne éuxopucmosysanacs 3a oegpexmie 006-
eux xicmok binvwie 15 cm. Bucnosxu. 3acmocyeanns mexmono-
2ii Masquelet dopeune ¢ nocmpasicoanux iz oepekmamu 0082ux
KiCMOoK YHACTIOOK 0010601 mpasmu 68 Moa000My ma cepeoHbo-
My 8iyi, Wo 00YMOBNIEHO BIKOBOIO 3ANEHCHICINIO PEenapayiiHux
npoyecie Kicmkogoi mranunu. IcHye 8ipociona 3anedxchicmy
epexmusrHocmi ma HeoOXIOHOCMI 3ACMOCY8AHHS MEXHON02IT
iHOYK08aHOT MembOpaHu 8i0 po3mipy Oehexmy. Hauibinow doyiny-
He gUKOpUCmanHs — 3a posmipy oegpexmy 5,0—9,99 cm i kagimap-
HUx Odeghekmax HesanedncHo 6i0 nokanizayii. Taxooc HeoOXiOHO
68pAX0BYBAMU PE3VIbMAMU KOMNIEKCHO20 AHANI3Y KIIHIKO-enioe-
MIONO2IYHUX [ KILIHIKO-anamomiynux o3nak. Kntouosi crosa. Jlosei
Kicmku, oegpexmu, Xipypeiune nikysanms, mexnonozis Masquelet,
0011061 YUKOOHCEHH.
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Introduction

Combat injuries, unfortunately, have become
widespread in Ukraine due to the Russian-Ukrainian
war, causing severe traumatic injuries among both
military personnel and civilians. These injuries in-
clude damage to long bones and the resulting defects
in these bones [1]. Treating individuals with such in-
juries requires the use of medical technologies that
were not frequently used in the past [2-5]. In our
previous study we demonstrated that one of the most
common treatment methods for these injuries is
the induced membrane technology (Masquelet) [6].
Unfortunately, there is a lack of data in open and
accessible scientific sources regarding the charac-
teristics of applying this technology depending on
the clinical-epidemiological and clinical-nosological
characteristics of the injured individuals, which is
why this aspect is analyzed in the current study.

Purpose: To deliver an in-depth analysis
of the clinical indications for utilizing induced mem-
brane technology (Masquelet) in patients presenting
with long bone defects due to combat-related injuries.

Materials and Methods

The study is based on a retrospective analysis
of 51 cases where the Masquelet technology was used
to treat individuals with long bone defects due to
combat injuries. Inclusion criteria: This technology
was implemented according to absolute or condition-
ally absolute indications and demonstrated efficacy.
All patients received treatment at civilian health-
care institutions. The study examined and analyzed
the use of the Masquelet technology depending on
the clinical-epidemiological characteristic “age” and
the clinical-anatomical characteristic “injury” (loca-
tion and size of the defect). This was due to the influ-
ence of these factors on the regenerative and repara-
tive abilities of bones and soft tissues. The analysis
was carried out in both descriptive and integrative
aspects. Parametric (rank) and non-parametric (poly-
choric analysis) statistical methods were used, apply-
ing formal logic laws and fractal analysis.

The software and methodological support
of the research meets the requirements and criteria
of evidence-based medicine.

The study was conducted in accordance with
the requirements and criteria of evidence-based med-
icine, following the conditions of the Helsinki Decla-
ration and was approved by the Bioethics Committee
of the State Institution “Ukrainian Scientific-Practi-
cal Center of Emergency Medical Care and Disaster
Medicine of the Ministry of Health of Ukraine” (Pro-
tocol No. 1 dated 12.01.2026).

Results

To achieve the purpose of our study, we analyzed
the data of the injured based on age, using a decadal
age grading principle (Fig. 1).

More than half of the patients who received
Masquelet technology treatment for injuries were
aged 31-40 years. A rank analysis revealed data pre-
sented in Table 1.

The analysis identified that the Masquelet tech-
nique was not implemented for injured individuals
in the under-20 and over-60 age groups. It is known
that there is a significant variation in the distribution
across age groups, with the ratio of the maximum
to minimum values being 6.8. This suggests, albeit
indirectly, a potential correlation between the use
of Masquelet technology and age.

We also conducted a distribution analysis based on
the localization of the defect, with the results shown
in Table 2.

The lower limb was the most common site for the
use of Masquelet, accounting for 64.70 %. Further-
more, a pattern emerged in the use of this technol-
ogy depending on the location of the long bone de-
fect: in the proximal part of both the upper and lower

11.77 %

7.84 %

sunder 30 =31-40 =41-50 51-60

Fig. 1. Age distribution of the patient sample: Under 30 years old

Table 1
Rank analysis of the distribution
of the patient sample by age characteristic

Age (years) Proportion (%) Rank
Under 20 0 5
21-30 11.77 3
31-40 52.94 1
41-50 27.45 2
51-60 7.84 4
Over 60 0 5
Total 100.00 —
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limbs, the technology was used more frequently. On
the forearm Masquelet was used 1.3 times more often
than on the shoulder, and on the lower leg, it was used
1.8 times more often than on the thigh. The technol-
ogy was predominantly used on the lower leg, namely
41.17 % (first rank), and the least on the shoulder
(15.69 %). The coefficient of the ratio of the maxi-
mum to minimum values was 2.6, indicating moder-
ate dissipation in the distribution of the sample and
indirectly suggesting a sufficient degree of reliability
and objectivity in this distribution.

Another important clinical-anatomical character-
istic of the sample of injured individuals treated with
the Masquelet technology for long bone defects is
the “size of the defect” characteristic (Table 3).

In the group of patients with long bone defects
who were treated using the Masquelet technology,
most defects ranged from 5.0 to 9.99 cm in size, mak-
ing up 45.10 % (the highest rank). It is noteworthy
that this technology was not used for defects smaller
than 15 cm, and only 7.84 % were applied to defects
smaller than 10 cm.

A significant proportion of patients who underwent
the procedure had cavitary defects and injuries up to
5 cm in size, with each group comprising 23.53 %.
Given this, it can be stated that the Masquelet tech-
nology is most commonly used for long bone defects
up to 10 cm.

To establish the relationship between the age fac-
tor and defect size in patients with long bone defects

Table 2
Rank analysis of the distribution of the patient
sample by the characteristic “injury localization”

Injury localization Proportion (%) Rank
Shoulder 15.69 1
Forearm 19.61 2
Thigh 23.53 3
Lower leg 41.17 4
Total 100.00 —
Table 3

Rank analysis of the distribution of the patient
sample by the characteristic “injury size”

Injury size (cm) Proportion (%) Rank
2.5-4.99 23.53 2
5.0-9.99 45.10 1
10.0-14.99 7.84 3
More than 15.00 0 4
Cavitary 23.53 2
Total 100.00 —

treated with Masquelet technology, we performed
a distribution analysis within age groups based on
the “defect size” characteristic and conducted a rank
analysis, the results of which are presented in Table 4.

Table 4 data show a mismatch in the ranking po-
sitions across age groups for the “defect size” charac-
teristic. It is also noteworthy that the highest ranks are
occupied by patients aged under 30 and over 51 years,
with bone defects ranging from 2.5 to 4.99 cm. For
patients aged 31 to 50 years, defects were primarily
between 5.0 and 9.99 cm.

In the age group of patients under 30 years, most
defects treated this way were up to 5 cm (66.67 %),
with cavitary defects comprising 33.33 %. In
the 31-40 age group, defects between 5.0 and 9.99 cm
were predominant (55.56 %), with fewer cases of de-
fects smaller than 5 cm.

In the 41-50 age group, the majority of defects
were also 5.0-9.99 cm in size, followed by cavitary
defects (28.57%), with the least frequency for defects
smaller than 5 cm (14.29 %)).

Among combat trauma patients treated with
Masquelet, defects most frequently ranged from 2.5
to 4.99 cm, with other defect sizes not appearing in
statistically significant volumes. This distribution is
primarily driven by age-related activity.

The coefficient of the ratio of maximum to mini-
mum values in the age group under 30 years was 2.0,
indicating moderate dissipation in the distribution.
For the 31-40 age group, the ratio was 7.5, reflecting
a very high level of dissipation, while in the 41-50 age
group, the ratio was 4.0, indicating a high level.
Thus, the strongest probable correlation is found in
the 31-40 and 41-50 age groups.

On the other hand, to achieve the objective
of the study, we performed a distribution analysis
of the patients in the "defect size" groups by age.
The results are presented in Table 5.

Analyzing the data from Table 5, we found that
only defect sizes from 2.5 to 4.99 cm were observed
in all age groups of patients, with the highest fre-
quencies being in those under 30 and over 51 years
(33.33 % each).

Defect sizes of 5.0-9.99 cm were found only in
patients from the 31-40 and 41-50 age groups, with
the 31-40 age group having nearly twice as many
cases. Masquelet technology was applied to pa-
tients with long bone defects of 10—14.99 c¢cm only in
the 31-40 age group. For cavitary long bone defects,
treatment with this method was most commonly per-
formed in the 31-40 age group (50.00 %), and less
frequently in those under 30 years (16.67 %).
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Polychoric analysis of the data from Table 5
confirmed a positive (¢> = 0.5628), very strong
(C =0.6001), and statistically significant relationship
(> = 28.71) between the “age” and “defect size” char-
acteristics in patients treated with Masquelet for long
bone defects due to combat trauma. Thus, these find-
ings lie within the field of statistical reliability.

To determine the clinical-anatomical structure
of long bone defects for which Masquelet technol-

ogy was applied, we conducted an integrated analysis
based on defect size and location, the results of which
are shown in Tables 6—7.

During the rank analysis of the data from Table 6,
we found that there was a match in ranking positions
only in the upper limb segments, while no match was
found in the lower limb.

In the group of patients with shoulder defects,
Masquelet technology was predominantly applied to

Table 4
Rank analysis of the distribution of the patient sample by injury size within age groups
Injury size (cm) Age of the patients, years
under 30 31-40 41-50 51-60
proportion (%) rank proportion (%) rank proportion (%) rank proportion (%) rank
2.5-4.99 66.67 1 7.41 4 14.29 3 100 1
5.0-9.99 3 55.56 1 57.14 1 2
10.0-14.99 0 3 14.81 3 0 4 2
Cavitary 33.33 2 22.22 2 28.57 2 2
Total 100 — 100 — 100 — 100 —
Table 5
Rank analysis of the distribution of the patient sample by age within injury size groups
Injury size (cm) Age of the patients, years Total
under 30 31-40 41-50 51-60
2.5-4.99 33.33 16.67 16.67 33.33 100
5.0-9.99 65.22 34.78 100
10.0-14.99 100 0 0 100
Total 16.67 50 33.33 100
Table 6
Integral analysis within the groups “injury localization” by injury size
Injury size (cm) Localization
shoulder forearm thigh lower leg
proportion (%) rank proportion (%) rank proportion (%) rank proportion (%) rank
2.5-4.99 25.00 2 40.00 2 16.67 2 19.05 3
5.0-9.99 75.00 1 60.00 1 49.99 1 23.81 2
10.0-14.99 0 3 0 3 16.67 2 9.52 4
Cavitary 0 3 0 3 16.67 2 47.62 1
Total 100 — 100 — 100 — 100 —
Table 7
Integral analysis within the groups “injury size” by injury localization
Injury size (cm) Injury localization Total
shoulder forearm thigh lower leg
2.5-4.99 16.67 33.33 16.67 33.33 100
5.0-9.99 26.09 26.09 26.09 21.73 100
10.0-14.99 50.00 50.00 100
Cavitary 16.67 83.33 100
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defects ranging from 5.0 to 9.99 c¢m in size (75.00 %),
with 25.00 % having defects between 2.5 and 4.99 cm.
Cavitary defects and defects smaller than 10 cm were
not observed in statistically significant numbers in
our study.

In patients with forearm defects, a similar dis-
tribution was observed, but the majority of cases
(60.00%) were for defects between 5.0 and 9.99 cm.

In the group of patients with femoral bone de-
fects, the most common defect size was 5.0-9.99 cm
(49.99 %), with other sizes each having the same
percentage (16.67 %). On the lower leg, the highest
proportion was for cavitary defects (47.62 %), and
the smallest proportion was for defects between
10-14.99 cm.

The results of the distribution of the patient sam-
ple by defect size and defect localization are shown
in Table 7.

When reviewing the data from Table 7, it was
found that the Masquelet technology was most fre-

Fig. 2. Photo of the injury upon hospitalization (a); radiographic
image of the patient at the time of hospitalization (b)

Fig. 3. Soft tissue defect closure (a); radiographic images after
cement spacer insertion (b)

quently used in patients with long bone defects be-
tween 2.5-4.99 cm in size on the distal segments
of the forearm and lower leg (33.33 % each), and on
the shoulder and femur (16.67 % each).

The largest proportion of long bone defects mea-
suring 5.0-9.99 cm was almost evenly distributed
across all segments, each segment accounting for
26.09 %, except for the lower leg (21.73 %).

Cavitary defects and defects between
10.0-14.99 cm in size were not encountered in statis-
tically significant numbers on the upper limbs in our
study. For defects of this size on the lower limb, they
were evenly distributed (50.00%), with cavitary de-
fects being five times more common on the lower leg.

To assess the reliability of the data in Table 7,
we conducted a polychoric analysis, which revealed
a positive (¢*> = 0.4353), strong (C = 0.5507), and
statistically significant relationship (y*> = 22.20) be-
tween the “defect size” and ‘“defect localization”
characteristics. These results are within the field
of statistical reliability.

From a didactic perspective, we present a clinical
case study example of the use of Masquelet technol-
ogy in patients with long bone defects resulting from
combat injuries.

Case study

A 38-year-old male patient sustained a mine-blast
injury with an open fracture of the lower leg, includ-
ing bone and soft tissue defects (Fig. 2).

On the 7th day post-injury, debridement and cor-
rection of the bone defect were performed, with a ce-
ment spacer inserted and the wound closed with a flap
(Fig. 3).

Two weeks later, at the second stage of treatment,
the Masquelet technique was applied. A plate fixation
and bone grafting were performed (Fig. 4).

Discussion

The study found that the effective use of induced
membrane technology (Masquelet) depends on
the results of a comprehensive evaluation of patients
based on clinical-epidemiological features (age) and
the clinical-anatomical characteristics of the bone de-
fect (size and localization).

This dependence has been indirectly suggested
by some foreign researchers, but it mainly concerns
defect size in cases of peacetime injuries [7-9].
We established a significant advantage for the use
of the induced membrane method in individuals
under 40 years old, which, in our view, is linked to
the power and intensity of the reparative processes in
bone tissue. In open and accessible scientific sources,
we found no data specifically studying the use
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of the Masquelet technology in patients with long
bone defects due to modern combat injuries.

Research indicates that Masquelet technology is
primarily utilized for the management of long bone
defects measuring between 5.0 and 9.99 cm, as well
as those ranging from 2.5 to 4.99 cm. This technology
is rarely used for defects between 10—-14.99 cm and is
not used at all for defects larger than 15 cm. These re-
sults generally correlate with data from global scien-
tific sources concerning peacetime injuries [10—12],
but it should be noted that there is almost no informa-
tion on combat injuries. Recent domestic research has
addressed this topic; however, most studies primar-
ily provide descriptive accounts of the phenomenon
[5, 13].

In our opinion, the advantage of this study lies in
its comprehensive analysis of the use of Masquelet
technology based on age and defect size, which al-
lowed us to establish a clear relationship between
its use and these factors. The results indicate that
Masquelet technology is most effective for large and
cavitary defects in individuals aged 31-50 years. It

Fig. 4. External appearance of the injured limb (a); radiographic
images after SCT bone grafting (b)

Fig. 5. Radiographic
images of the patient.
In 3 months, the
patient was able to
perform full, painless
axial loading. Bone
graft integration was
observed

was also proven that the effective use of Masquelet
depends on the clinical-anatomical characteristics
of the defect. The technology was most commonly
required for defects between 5.0-9.99 cm in size, re-
gardless of location (except for the lower leg), while
cavitary defects were most prevalent on the lower leg.
Such data in global scientific sources in statistically
significant volumes were not found by us [14, 15]. We
believe this is objectively related to the limitations
of the method due to the determined power of repara-
tive processes in bone tissue.

In conclusion, it is essential to note that for the ef-
fective use of Masquelet technology in patients with
long bone defects resulting from combat trauma,
it is' necessary and advisable to take into account
the results of an integrated analysis of clinical-epi-
demiological and clinical-anatomical characteristics
of the injury.

Conclusions

The use of Masquelet technology is most effec-
tive for patients with long bone defects resulting
from combat trauma, particularly in young and mid-
dle-aged individuals. This is due to the age-related
dependency of reparative processes in bone tissue.

There is a significant correlation between the ef-
fectiveness and appropriateness of using induced
membrane technology and the size of the defect.
The technology is most necessary for defects ranging
from 5.0-9.99 cm in size, as well as for cavitary de-
fects, regardless of the defect’s location.

For the effective and appropriate use of Masquelet
technology, it is essential to consider the results
of a comprehensive analysis of both clinical-epidemi-

ological and clinical-anatomical characteristics.
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