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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

(Masquelet technique)

S. Guryev ', S. Hariyan %, V. Kushnir !, O. Tsybulsky *
!'SI «Ukrainian Scientific and Practical Center for Emergency Care and Disaster Medicine of the Ministry of Health

of Ukrainey», Kyiv
2Ternopil Regional Clinical Hospital. Ukraine

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.

Key words. Long bones, defects, sizes, surgical treatment, technology Masquelet, combat injuries
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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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Diseases and injuries of the knee occupy a significant place in
the structure of orthopedic pathology. The main method of knee
arthritis of the III-1V degree is total knee arthroplasty (TKA).
Purpose. To analyze the postoperative period after TKA with-
out wound drainage. Methods. For the study, a homogeneous
group of 140 patients was selected, their age ranged from 45 to
78 vears, the diagnosis was knee arthritis of the III-1V degree.
Patients were divided into 2 groups: study group — the wound
was not drained (73 people), comparison group — the wound was
drained (67). Results. Blood loss during surgery was comparable
in both groups and ranged from 80 to 340 ml, with an average
of (217.59 + 76.19) ml in the study group and (195.6 = 67.97) ml in
the comparison group. No statistically significant difference was
found in both groups (p > 0.05, p = 0.16277). A comparative anal-
ysis of the course of the postoperative period revealed a shorter
treatment period in the study group. Refusal to drain the postop-
erative wound under conditions of stable hemostasis contributed
to a faster recovery of hemoglobin and erythrocyte indices. ESR
and CRP levels showed a tendency towards a faster reduction in
inflammation in the study group. The postoperative management
used did not show any differences in the healing time of the post-
operative wound. The low intensity of postoperative pain accord-
ing to VAS in the study group allowed to reduce the use of analge-
sics and shorten the patient's hospital stay by 2 days. Therefore,
TKA without drainage of the postoperative wound can be consid-
ered as the method of choice. Conclusion. TKA without drainage
of the wound after surgery did not cause an increase in postopera-
tive complications in our series of operations. In addition, it re-
duced pain syndrome and, according to laboratory data, reduced
the indicators of the inflammatory process.

3axeopiosania ma mpasmu Ko1iHHO20 cy2n00a 3auMams sHauHe
Micye 8 cmpyKmypi opmoneoudHoi namonoeii. OcnosHuM memo-
Odom nikyeanna 20napmpo3sy II=1V cm. € momanvre eHoonpome-
3yeanus Koainnoeo cyenoba (TEKC). Mema. I[Ipoananizyseamu
nicasonepayitinuti nepioo nicas TEKC 6e3 Openysanms panu.
Memoou. [lna 0ocriooicenns nposenu ubIpKy 00HOPIOHOT epynu i3
140 nayienmis, ixuiil 6ix Konusascs 610 45 0o 78 pokis, diachoz —
eonapmpo3s III=1V e¢m. [layienmis po3nodinuau na 2 epynu: doc-
JOdNCeHHST — pany He Openysanu (73 0cobu), nopieHsAHHI — pany
openysanu (67). Pesynomumu. Kpososempama nio uac onepayii
oyna nopiensana 6 obox epynax i ckaana 6io 80 0o 340 ma, y ce-
peonvomy 6 epyni 0ocniodcenns (217,59 + 76,19) mn i 195,6 + 67,97
v epyni nopienanna. Cmamucmuuno 00CmogipHoi pisHuyi 8 060X
epynax ue guasneno (p > 0,05 p = 0,16277). [lopisnanvnuii ananis
nepebiey nicisionepayitinoco nepiody 8uUA6UE CKOPOYEHHs mep-
MIHY JIKY8aHHA 8 epyni 00caiodxcents. Biomosa 6i0 openysamts
nicasionepayiiinoi panu 3a ymos cmadiibHo20 2eMoCcmasy cnpus-
1A WBUOULIOMY BIOHOBNEHHIO NOKAZHUKIG 2eMO2N00IHY Ul epumpo-
yumis. Pieni [IIOE ma CPE noxaszanu menoenyito 00 ueuouo2o
3MeHWeHH s 3ananenHs 6 2pyni oocniodcenns. Takmuka nicaaone-
Payiino2o 6e0enHs X6OPUX, AKY 6UKOPUCMOBYBANU, He NOKA3d-
4 BIOMIHHOCMEU Y MEPMIHAX 3A20EHHS NICAAONepayiiHol panu.
Husvka inmencusnicmo nicisionepayitino2o 60110 3a 0anumu
BALIl y epyni 0ocnioscenna 00360auUna 3HU3UMU 3ACTMOCYEAHNA
ananeemuKie i ckopomumu mepmin nepebygants Xopo2o 6 cma-
yionapi na 2 ouni. Omosce mooxcna posenadamu TEKC 6es3 ope-
HY8AHHA NicNsI0Nepayilinoi panu Ax memoo 6ubopy. Bucnosok.
TEKC 6e3 Openyeants panu nicis onepayii He CnpuiuHuLo 30i1-
WieHHs NicAs0nepayitiHux YCKIaoOHeHb Y Hawil cepii onepayiil.
Oxpim mozo 3smenuuno 601b06uUll CUHOPOM 1 3HU3UTO, 3a 1AOO-
PamopHUMU OGHUMU, NOKAZHUKU 3ananbHo2o npoyecy. Kuouogi
cnosa. Koninnuii cyenob, openasic, Xipypeiune NiKy8aHHs, MmMo-
manvhe eHOONnPOMe3y8anHs KONIHHO20 Cyenoba.

Keywords. Knee, drainage, surgical treatment, total knee arthroplasty
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Introduction

Knee-related impairments and injuries are prev-
alent and frequently necessitate surgical interven-
tion for effective management. The main method
of treatment for gonarthrosis of grade III-1V is total
knee arthroplasty (TKA). With the increasing num-
ber of such surgeries, the incidence of postoperative
complications inevitably rises, a significant portion
of which are infections [1].

Numerous studies indicate that one of the ways
infection can enter the wound is through the drain-
age tube [1, 2, 14], and prolonged hospitalization after
surgery can lead to the risk of developing a nosoco-
mial infection.

Active drainage of the postoperative wound is
widely used during various interventions and with
negative pressure, the drainage activity increases.
Theoretically, this leads to a reduction in postopera-
tive hematoma, pain syndrome, and swelling, as well
as accelerating wound healing and reducing the risk
of infection [4]. Some authors [3—7, 16] argue that
the advantages of active drainage are greatly over-
stated. Discontinuing drainage reduces blood loss and
the risk of retrograde infection [8, 10, 12, 15].

Purpose: To analyze the postoperative period after
total knee arthroplasty without wound drainage.

Materials and Methods

For the study, a sample was made from a homo-
geneous group of 140 patients who underwent total
knee arthroplasty (TKA) from early 2017 to February
2022. The study was approved by the Ethics Commit-
tee of Zaporizhzhia State Medical and Pharmaceuti-
cal University (protocol No. 14 dated 26.11.2025) in
accordance with ICH GCP, the Helsinki Declaration
on Human Rights and Biomedicine of 1977, and cur-
rent Ukrainian legislation. All involved patients pro-
vided written and oral consent.

The age of the patients ranged from 45 to 78 years.
Upon hospitalization, primary or secondary grade
III-1V gonarthrosis was diagnosed. The follow-
ing exclusion criteria were applied: history of deep
vein thrombosis (DVT); use of any blood-thinning
medications on a regular basis due to comorbidities;
anemia requiring preoperative correction, including
blood transfusions; exacerbation of any comorbidities
after surgery; other somatic complications.

The procedures were performed by a single sur-
geon. The distribution of patients with the clarified
diagnosis 1s presented in Tables 1-3. The patients
were divided into two groups based on whether
wound drainage was used postoperatively:

Study group: wound without drainage (patients
operated on from 2019 to 2022)

Comparison group: wound drainage used (patients
operated on in 2017-2018).

In the comparison group, one drainage tube (poly-
vinyl chloride (PVC) No. 15) was inserted into the op-
erated joint cavity. The drainage was maintained for
1-2 days.

Both groups showed no deviations in general blood
tests or coagulation profiles prior to the operation that
could suggest issues with the clotting system.

Both groups were similar in terms of gender, age,
primary diagnosis, implant type, and antimicrobial
prophylaxis (Tables 1-3).

The body mass index (BMI) ranged from 25 to 38
with no significant differences between the patients
in both groups (p > 0.05). No hemostatic tourniquet
was used during surgery. In both groups, tranexamic
acid (1,000 ml) was administered 30 minutes before
the procedure, as well as antibacterial prophylaxis
with amoxicillin-clavulanic acid (1.2 g) 30 minutes
before surgery, continuing for 72 hours postoper-
atively. Thromboprophylaxis was provided with
enoxaparin at a dose of 40 mg per day, starting preop-
eratively and continuing for 35 days post-TKA.

Postoperative pain management: Day 1 — femo-
ral nerve block, dexketoprofen 50 mg IV twice a day,
paracetamol 1000 mg intravenously three times a day,
diclofenac 75 mg IM once a day; Day 2 — diclofenac
75 mg IM once a day, dexketoprofen 50 mg IV twice
a day, paracetamol administered on the patient's de-
mand for pain relief; Day 3 — only dexketoprofen
remained.

A comparative analysis was conducted in the post-
operative period, evaluating parameters such as gen-
eral blood test values, body temperature, and pain
severity according to the Visual Analog Scale (VAS).
Controls were made before the surgical interven-
tion, on the first day postoperatively, and on the day
of discharge. Activation of patients in both groups oc-
curred the following morning. Drainage was removed
24-48 hours after the intervention in the comparison
group.

After TKA, patients were monitored for the devel-
opment of early infectious complications in the first
6 months.

Statistical analysis was performed using the licensed
package Statistica, version 13. Parametric and non
-parametric statistical methods were applied. The sig-
nificance of results (for data differing from the normal
distribution) was assessed using non-parametric tests:
Mann-Whitney U test (for two independent groups) and
Wilcoxon T test (for several dependent groups).
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Table 1
Distribution of patients in both groups by preoperative diagnosis
Group P
study comparison
diagnosis abs. % diagnosis abs. %
Primary gonarthrosis 55 75.34 Primary gonarthrosis 48 71.64 > (.05
Secondary gonarthrosis 18 24.66 Secondary gonarthrosis 19 28.36 >0.05
Total 73 100 Total 67 100 —
Table 2
Distribution of patients in both groups by aage
Group P
study comparison
Age, years abs. % Age, years abs. %
30-50 9 12.32 30-50 8 11.94 >0.05
51-60 17 23.29 51-60 14 20.90 >0.05
61-71 30 41.10 61-71 30 4478 >0.05
71 and over 17 23.29 71 and over 15 22.39 >0.05
Total 73 100 Total 67 100 —
Table 3
Distribution of patients in both groups by gender
I'pyna p
study comparison
gender abs. % gender abs. %
Female 52 71.23 Female 51 76.12 >0.05
Male 21 28.77 Male 16 23.88 >0.05
Total 73 100 Total 67 — —

Results

Blood loss during surgery was comparable be-
tween both groups and ranged from 110 to 320 mL.
The average blood loss in the study group was
217.59 £ 76.19 mL, and 195.6 = 67.97 mL in the com-
parison group. No statistically significant difference
was found between the groups (p > 0.05, p =0.16277).

Blood test results-on the first postoperative day
and the day of discharge showed significant changes.
Hemoglobin levels were significantly higher in pa-
tients without drainage during the postoperative pe-
riod (Table 4). Erythrocyte values were significantly
different in favor of the study group, indicating less
blood loss (Table 5). No cases of early periprosthetic
infection were recorded in either group.

Interestingly, the dynamics of inflammatory
markers (ESR and CRP) after ‘'surgery showed sig-
nificant differences. Before the intervention, these
markers did not differ significantly between the two
groups. After surgery and on the day of discharge,
inflammation markers were significantly lower in the

group that did not have postoperative drainage (Ta-
bles 6 and 7).

The decrease in inflammatory markers in the com-
parison group was associated with blood loss through
the drainage. The amount of exudate varied greatly:
day 1 from 80 to 230 mL, day 2 — from 50 to 110 mL,
with an average range of 130 to 340 mL of postoper-
ative blood loss.

Body temperature in the study group throughout
the hospital stay ranged from a minimum of 36.3 °C to
a maximum of 37.9 °C. In the second group, it ranged
from a minimum of 36.5 °C to a maximum of 39.1 °C.
The maximum body temperature in the drainage-free
group was significantly lower (Table 8). Moreover,
80 % of patients in the comparison group experienced
a single temperature rise to 38—39 °C after drainage
removal.

Pain assessment using the VAS showed that in
the study group, the maximum pain score was 5,
while in the comparison group, it was 8 (controls were
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Table 4

Hemoglobin levels (g/L) before and after surgery in patients of both groups

Indicator

Hemoglobin

before surgery

one day after surgery on discharge

Mean + standard error (M £ m):

— Without drainage; 134.38 £ 3.41 121.81 +4.19 119.81 +3.25
— With drainage 137.42 +3.58 120.96 + 4.84 111.62 + 3.68
W p>0.05 p>0.05 p <0.05
Mann-Whitney U test (p) (p = 0.658362) (p = 0.153830) (p = 0.0002458)
Table 5
Erythrocyte levels (x10'%/L) before and after surgery in patients of both groups
Indicator Erythrocytes
before surgery one day after surgery on discharge
Mean =+ standard error (M £ m):
— Without drainage; 4.35+0.07 4.12+0.05 3.69 +0.06
— With drainage 4.28 £0.06 4.01 +£0.04 3.56 +0.05
Wi p>0.05 p <0.05 p <0.05
Mann-Whitney U test (p) (p = 0.0582) (p = 0.000299) (p=0.00015727)
Table 6
ESR (mm/h) before and after surgery in patients of both groups
Indicator Erythrocyte sedimentation rate

before surgery

one day after surgery on discharge

Mean + standard error (M £ m):

— Without drainage; 10.38 £ 1.26 51.83 £4.18 48.72 +£4.11
— With drainage 9.89 +0.94 67.08 £ 5.61 59.25+3.39

Wb p>0.05 p <0.05 p <0.05
Mann-Whitney U test (p) (p = 0.164) (p = 0.000076) (p = 0.000045)

Table 7
CRP levels (mg/l) before and after surgery in patients of both groups
Indicator C-reactive protein
before surgery one day after surgery on discharge

Mean =+ standard error (M + m):
— Without drainage; 6.48 +3.98 88.25 +16.98 48.76 + 8.37
— With drainage 7.65 +2.11 97.18 £15.43 74.4 £9.16

W p>0.05 p>0.05 p <0.05
Mann-Whitney U test (p) (p = 0.095839) (p = 0.000593) (p = 0.000279)

made before the surgical intervention, on the first
postoperative day, and on the day of discharge).

Patient activation was initiated the morning af-
ter surgery. Patients moved with crutches, bear-
ing the maximum load on the operated leg under
the supervision of a physical rehabilitation special-
ist. The activity level in patients without drainage
was significantly better (on average, 2 days earlier)
(Table 9).

Although the use of drainage during knee joint
surgeries is no longer a routine technique, our study
revealed other effects associated with active drainage.

All patients were verticalized and learned to walk
the following day after surgery. However, the ex-
tended duration of vertical positioning in the study
group and the absence of problems related to the pres-
ence of a drainage tube showed a reduction in pain
according to the VAS and, accordingly, a lower use
of “on-demand” analgesics.

Patients in the study group did not require addi-
tional pain relief compared to the control group, where
paracetamol 1000 mg was administered additionally
(as needed) for 2—-3 days. This allowed them to be dis-
charged from the hospital an average of 2 days earlier
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(Table 9). During the dressing changes, 12 patients in
the study group had small subcutaneous hematomas,
which did not affect the healing time of the postoper-
ative wound. During subsequent follow-up in the first
year after surgery, no signs of infectious complica-
tions were observed in either group.

Thus, the absence of wound drainage after total
knee arthroplasty was shown to provide stable hemo-
stasis, without resulting in an increase in complica-
tions or delayed healing of the postoperative wound.

Discussion

The use of drains after elective surgical procedures
is increasingly becoming a topic of discussion. There
are no clear criteria for their application that would
allow general recommendations to be made. K. Zhou
et al. suggest that in uncomplicated knee arthroplas-
ties, wound drainage can be avoided [16]. H. W. Jones
et al. noted the ineffectiveness of reinfusing drainage
erythrocytes [8]. The most common argument in fa-
vor of drainage is the risk of hematoma formation
and the potential for infection. However, most experts
today no longer support this concern [1, 2, 11, 13].
All studies and everyday experience indicate an in-
crease in blood loss due to the use of drains. Reinfu-
sion of autologous erythrocytes from drainage blood
has not shown high effectiveness [8, 9,/11]. M. Ba-
silico et al. argue that postoperative drainage after
TKA is a routine procedure for orthopedic surgeries
and is considered a useful practice in the postopera-
tive period, but the use of drains remains controver-
sial [2]. A systematic review of 30 studies on TKA [2]
did not find significant advantages associated with
the use of wound drainage after arthroplasty. In terms
of pain, blood loss, swelling, postoperative range

of motion, wound complications, deep infection, and
hospital stay, there were no benefits of drainage.

In our study, the comparative analysis of the post-
operative course in the early period after knee ar-
throplasty revealed a shorter hospital stay in the group
without joint drainage. Patients in the study group
were shown to mobilize faster due to reduced pain
levels, as there 'was no fear of pulling the drainage
tube while walking. The presence of a drain bottle
psychologically limited the movement of patients in
the comparison group (as reported by the majority).
The refusal to use drainage after the postoperative
wound, under conditions of stable hemostasis, helped
achieve better recovery dynamics in terms of hemo-
globin and erythrocyte levels in patients. Changes in
ESR and CRP levels indicated a trend toward faster
reduction of inflammation in patients without wound
drainage. The postoperative management approach
did not show differences in wound healing times be-
tween the groups. The lower intensity of postopera-
tive pain in the study group, according to the VAS,
allowed for a reduction in the use of analgesics and
shortened the hospital stay by 2 days.

Our study aimed to clarify the issue of wound
drainage after knee arthroplasty. Based on the re-
sults presented, knee arthroplasty without postoper-
ative wound drainage can be considered a preferred
method for postoperative management. Indeed, some
patients with coagulation disorders or infection risks
may still require drainage. However, we generally re-
frain from using wound drainage after TKA.

Conclusion

Knee arthroplasty without the use of wound drain-
age after surgery did not lead to an increase in post-

Table 8
Maximum body temperature after surgery in patients of both groups
Indicator Maximum body temperature (°C)
Mean + standard error (M + m):
— Without drainage; 3712 £ 0.40
— With drainage 37.47 +0.58
W p <0.05
Mann-Whitney U'test (p) (p = 0.00000002692225707)
Table 9
Duration of hospital stay after surgery
Indicator Time (day)
Mean + standard error (M + m):
— Without drainage; 2.89+0.16
~ With drainage 4,69 +£0.13
“Whi p <0.05
Mann-Whitney U test (p) (p = 0.0000000)
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operative complications in our series of operations,
reduced pain syndrome, and, according to laboratory

data, lowered markers of the inflammatory process.
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Native coronal alignment of the knee joint demonstrates marked
individual variability, which influences total knee arthroplasty
planning and functional outcomes. The CPAK classification al-
lows systematization of these anatomical variations based on
the parameters aHKA and JLO. Although CPAK phenotypes
have been described in several populations, data regarding
the Ukrainian population have so far been lacking. Objective.
To determine the characteristics of native lower-limb alignment
and CPAK phenotypes of the knee joint in the Ukrainian popu-
lation. Methods. A total of 500 full-length standing radiographs
of the lower limbs were analyzed: 300 in the healthy group and
200 in the group with Kellgren-Lawrence grade III-1V osteoar-
thritis. LDFA and MPTA were measured, aHKA and JLO were
calculated in accordance with CPAK principles, and knees were
subsequently classified within the 3x3 CPAK matrix. Results.
In the healthy group, the most common CPAK phenotypes were
type 11 (24.7 %), type I (21.7 %), and type V (21.0 %). Neutral
aHKA was observed in 47.3 %, varus in 39.3 %, and valgus
in 13.3 %. The most frequent JLO orientation-was apex dis-
tal (50.3 %). In sex-specific subgroups, type Il predominated
in males (28 %) and type V in females (25 %). An the osteoar-
thritis group, varus aHKA values predominated (58 %), with
CPAK phenotypes I (35.5 %), 1V (22 %), and Il (19.5 %) being
most common. Conclusions. This study describes for the first
time the distribution of CPAK phenotypes of the knee joint in the
Ukrainian population. Among healthy individuals, CPAK phe-
notypes I, II, and V were most prevalent, with neutral alignment
observed in 47 %. In patients with grade III-1V osteoarthritis,
a marked shift toward varus alignment was noted, with varus
phenotypes accounting for 58 %, whereas neutral phenotypes
were observed in only 34 %:. These findings reflect popula-
tion-specific patterns of native coronal knee alignment and may
serve as a basis for further research into the clinical relevance
of CPAK phenotypes and their impact on outcomes of total knee
arthroplasty.

Hamuene eupisnioganns xoninno2o cyenroba mae eupagicemny
inOusioyanvHy eapiabenvHicmv, WO 6NAUBAE HA NIAHYBAHHA
MOMAanbLH020 eHOONnpome3yeanus ma Kinyesuil QyHKyionano-
Huti pesynomam. Kaacughikayis «Coronal Plane Alignment
of the Kneey (CPAK) 0o36onse cucmemamusysamu yi aHamo-
Miuni sapianmu na ocnosi napamempie aHKA ma JLO. Mema.
Busnauumu_ocobiusocmi namuenoeo 8Upi6HIOBAHNSA HUICHBOT
xinyieku ma CPAK-¢enomunis xoninnoco cyenoba 6 ykpaiw-
cokitl nonyaayii. Memoou. Ilpoananizosano 500 nanopammux
PEHMEEHO2PAM HUNCHIX KIHYIBOK, KL pO3N0OileHo Ha 2 epynu:
300 — epyna 1 — ymosHo 300posi, 200 — 2 (ocmeoapmpos
LI-1V cm. 3a Kellgren-Lawrence). Bumipiosarnu mLDFA ma
mMPTA, pospaxosysanu aHKA ma JLO 32iono 3 npunyunamu
CPAK-xnacugixayii, nicisi 4020 UKoHy8aiu po3nooil ¢penomu-
nie y mampuyi CPAK 3 x 3. Pesynomamu. Y 300positi epyni
navunowupeniviumu CPAK-gpenomunamu 6ynu mun 11 (24,7 %),
1 21,7 %) ma mun V (21,0 %). Heiimpanenuii mun aHKA eu-
snauascs y 47,3, eapycnuit — y 39,3, eanveycnuii — y 13,3 %.
Hantuacmiwuii eapianm JLO — apex distal (50,3 %). V cma-
mesux nioepynax oominyeas mun Il y vonosixie (28 %) ma V
vy acinox (25 %). 'V epyni ocmeoapmpo3sy 6idznauanocs nepe-
sadicanns eapycrux snavenv alHKA (58 %) i3 oominysanusam pe-
nomunig I (35,5 %) ma 1V (22 %). Bucnosox. Ha ocnosi nauioeo
docniodcenns onucano po3nodin CPAK-genomunis xoninnoco
cyenoba 6 ykpaincokiu nonynayii. Y epyni 1 natinowupeniwumu
oyau I, I ma V munu 3 nepeasxtcanHam HeumpaibHO20 6UPIEHIO-
eannay 47 %, ay 2 — I, Il ma IV munu, npome cnocmepieaino-
cA 8upasHe 3miweHHs 8 OIK 8apyCHUX 8apianmis: iXHs yacmka
oyra 0o 58 %, moodi Ax wacmoma HeUmMparbHUX Genomunie
ckaana auwe 34 %. Ompumani pesynomamu 6i0obpasicaoms
0C06IUBOCIMT HAMUBHO2O PPOHMATLHO2O BUPIBHIOBANHI HUIC-
HbOI KIHYIBKU 1l MOJCYMb CLY2Y8AMU OCHOB0I O NOOANbUUUX
00Ci0dNCeHb, CHPAMOBAHUX HA BUEHUEHHS KIIHIYHO20 3HAYEHHS.
CPAK-¢henomunie ma ixnv020 éniugy na pesyivmamu momaib-
HO20 eHOONnpome3sy8anHsa KoaiHno2o cyenoba. Kuwouosi crosa.
Koninnuii cyeno6, supisuosanns, CPAK, aHKA, JLO, ¢penomu-
nu KONIHHO20 cy2a00a.

Keywords. Knee joint, alignment, CPAK, aHK A, JLO, knee joint phenotypes
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Introduction

A key principle in knee joint arthroplasty has
long been to create a stable joint with a neutral lower
limb axis. This approach was long considered uni-
versal for achieving predictable clinical outcomes.
Despite the high effectiveness of this method, up to
20 % of patients remain dissatisfied with the treat-
ment results. The most frequent complaints in the
postoperative period include persistent pain, limited
range of motion, and a lack of anticipated functional
recovery [1, 2]. A potential reason for these symp-
toms is not considering the patient's unique anatomi-
cal characteristics.

Recent studies have shown that neutral alignment
of the lower limb is not typical for all patients [3, 4],
so attempting to bring the limb axis to a neutral po-
sition during surgery may require excessive bone
resections or additional soft tissue releases. These
conditions disrupt joint biomechanics, leading to
a longer, more complex post-surgical recovery.

Over the past decade, a significant’ number
of studies have been assessed native ‘alignment
of the KJ. Their results convincingly show that such
alignment is highly variable, and a notable proportion
of healthy individuals have a natural varus or valgus
axis of the lower limb [3—7]. Some studies have also
focused on examining population and gender differ-
ences in KJ phenotypes. M. T. Hirschmann et al.,
E. Sappey-Marinier, T. Kobayashi et al. have shown
that the frequency of varus, valgus, and neutral phe-
notypes differs significantly based on ethnic group
and gender, which may determine characteristic bio-
mechanical features of the KJ [8—12].

The need to consider this anatomical variability
has contributed to the development of personalized
approaches to implant positioning, based on the con-
sideration of morphological phenotypes of the lower
limb as an important element of preoperative plan-
ning. The task is complicated by the fact that as osteo-
arthritis progresses, the native alignment of the lower
limb changes, typically towards an increase in the ex-
isting deformity, making it extremely difficult to de-
termine the initial anatomical axis.

One of the most promising modern methods for
systematically assessing individual frontal alignment
of the knee joint is the “Coronal Plane Alignment
of the Knee” (CPAK) classification, which empha-
sizes the arithmetic angle “hip-knee-ankle” (aHKA)
and the joint line orientation (JLO) [13]. In 2020,
S. J. MacDessi et al. proposed the aHK A concept and
demonstrated that this measure is a reliable marker
of constitutional alignment of the knee joint, regard-

less of the presence of arthritic changes [14]. In 2021,
the concept of JLO was introduced, categorizing it
into three distinct types: “proximal peak”, “distal
peak”, and “neutral”. This distinction helped clarify
the difference between limb frontal alignment and
the inclination of the joint surface.

The combination of aHK A ‘and JLO made it pos-
sible to form the CPAK classification, which is pre-
sented in the form of a 3 x 3 matrix and encompasses
9 morphological phenotypes of the knee joint. This
system allows for a more precise characterization
of individual alignment variations and can serve as
a guide for personalized strategies.

Despite the significant number of publications
on the morphological phenotype of the knee joint
in different populations, there is currently no infor-
mation regarding the features of frontal alignment
among the Ukrainian population. This limits the abil-
ity to correctly compare anatomical indicators and
increases the potential impact of phenotype-spe-
cific features of the knee joint on surgical treatment
outcomes.

In recent years, clinical interest in the individual-
ization of surgical tactics in Ukraine has been grow-
ing, as evidenced by national studies related to the res-
toration of native kinematics, optimization of implant
positioning, and comparison of different alignment
concepts during total joint replacement [16—19].

In light of this, it is appropriate to study the distri-
bution of CPAK phenotypes in the domestic popula-
tion as an anatomical foundation for justified individ-
ualized surgical planning, with further comparison
of the obtained results with data from European
studies.

Purpose: To identify the features of native align-
ment of the lower limb and CPAK phenotypes
of the knee joint in the Ukrainian population.

Materials and Methods

The study was conducted at the State Institution
“National Institute of Traumatology and Orthope-
dics of the National Academy of Medical Sciences
of Ukraine” and the diagnostic center “M24” from
August 2024 to October 2025.

A total of 500 knee joint X-rays of patients
from the Ukrainian population were selected, di-
vided into two groups according to the radiolog-
ical state of the joint. Group 1 (n = 300) included
X-rays of individuals aged 18 years and older, who
had no complaints regarding the knee joint, no signs
of deformities, no history of trauma, and no pre-
vious surgeries on the lower limbs. A mandatory
condition was the complete absence of radiologi-
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cal signs of knee impairment. The group consisted
of 166 men and 134 women, with an average age
of (44.95 £ 13.17) years (M £ SD).

Group 2 (n = 200) included X-rays of patients
with osteoarthritis stages III-IV according to
the Kellgren-Lawrence classification. This group ex-
cluded individuals with post-traumatic osteoarthritis,
previous septic arthritis, or a history of any surgical
intervention. Also excluded were those with signifi-
cant bone defects in the femoral or tibial condyles,
frontal deformities, and contractures greater than 20°,
as such changes could influence the accuracy of radio-
logical measurements. Demographically, the group
consisted of 89 men and 111 women, with an average
age of (58.98 £ 11.34) years (M £ SD). Given that
after the completion of skeletal growth, the main an-
atomical parameters of the lower limb bones remain
relatively stable, the age difference observed between
the groups was not considered a decisive factor af-
fecting the results of radiological analysis.

All participants in the study underwent axial
X-rays in a standing position with even load on both
lower limbs, with maximum knee extension and pa-
tellar orientation forward. The rotation of the lower
limbs was controlled by assessing the symmetry
of anatomical landmarks, including the contour
of the femoral head and the position of the patella.

In all cases, standardized construction of anatom-
ical and mechanical axes and measurement of main
reference angles were performed according to the Pa-
ley protocol (Figure 1) [20].

Radiological parameters in the healthy group were
evaluated by a radiologist using the QxLink (v3.3.12)
software according to the standardized protocol.
Radiological assessments in the osteoarthritis pa-
tient group were carried out as part of preoperative
planning using the mediCAD (v7.0) software. Only
panoramic radiographic images that were technically
correct and suitable according to commonly accepted
criteria for assessing the quality of axial X-rays [21]
were included in the analysis.

For determining the mechanical and anatomical
axes of the lower limb, the following reference points
were used (Figure 2):

— The center of the femur was determined by
the Mose method [20];

— The center of the knee joint was defined as
the midpoint between the tibial eminences;

— The center of the ankle joint was defined as
the midpoint of the talus bone.

After constructing these axes, the main reference
angles characterizing the alignment of the knee joint
in the frontal plane were calculated:

— Mechanical Lateral Distal Femoral An-
gle (mLDFA) — the mechanical lateral distal an-
gle of the femur was determined as the angle be-
tween the mechanical axis of the femur and the line
of the distal femoral joint surface, which was drawn
through the most distal points of the medial and lat-
eral femoral condyles;

— Mechanical Medial Proximal Tibial Angle
(mMPTA) — the mechanical medial proximal angle
of the tibia was defined as the angle between the me-
chanical axis of the tibia and the line of its proximal
joint surface, which was drawn through the deepest
points of the medial and lateral tibial plateaus.

In' Group 1, the mean value of the mLDFA
was 89.11° £ 2.05° In Group 2, this value was
89.53° £ 1.96°% The average values of the mMPTA
were 87.98° £+ 2.28° in Group 1 and 86.93° £ 2.25° in
Group 2.

According to the current recommendations for
the use of the CPAK classification, two additional
derived parameters, aHKA and JLO, were also cal-
culated based on the obtained radiological measure-
ments [13]. They were computed using the following
formulas:

aHKA = MPTA — LDFA, (1)
JLO = MPTA + LDFA. ®)

Negative values of the arithmetic angle aHKA
were interpreted as varus constitutional alignment
(varus) of the lower limb, while positive values in-
dicated valgus alignment (valgus); values close to
zero corresponded to neutral alignment (reutral).
The joint line orientation (JLO) parameter was de-
termined as the angle between the joint surface line
of the KJ and the horizontal line: JLO values < 180°
indicated an apex distal orientation, JLO = 180° in-
dicated an apex neutral orientation, and JLO > 180°
indicated an apex proximal orientation.

Based on the obtained values of aHKA and JLO
for each KJ, a classification according to the CPAK
system was performed, presented as a 3 x 3 matrix
(Figure 3). This matrix combines 3 categories of con-
stitutional alignment (varus, neutral, valgus) with
3 variants of joint line orientation, forming 9 possi-
ble morphological phenotypes. The obtained pheno-
types were recorded for further comparison between
groups and statistical analysis.

All obtained values were entered into a uni-
fied database, followed by analytical and statistical
processing.
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The study was conducted in strict accordance with
the principles of bioethics, legislative requirements,
and established norms for biomedical research, as
outlined in the Declaration of Helsinki of the World
Medical Association, the Constitution of Ukraine,
the Civil Code of Ukraine, the basic laws of Ukraine
on health protection, and the Law of Ukraine on In-
formation. Radiological studies were carried out
within the framework of standard clinical diagnos-
tic and treatment processes with written informed
consent obtained from patients for examination and

Fig. 1. Example of using software for radiometric analysis:
QxLink for healthy knee joints and mediCAD for knee joints
with signs of osteoarthritis

processing of medical data. The retrospective analy-
sis of clinical and radiological data was approved by
the bioethics committee of the State Institution “Insti-
tute of Traumatology and Orthopedics of the National
Academy of Medical Sciences of Ukraine” (protocol
No. 8 dated 25 November 2025).

Statistical data processing was performed us-
ing Microsoft Excel and Statistica 8.0 software.
The Mann-Whitney U test was used to compare inde-
pendent samples, and the Wilcoxon signed-rank test
was used for paired samples.

To evaluate the relationship between individual
radiometric parameters of frontal alignment, a Spear-
man correlation analysis was used. The data were
analyzed using standard descriptive statistics meth-
ods, which included calculation of sample size (n),
arithmetic mean (M), and standard deviation (SD).
The level of statistical significance was set at p < 0.05.

Results

To evaluate the internal consistency of the radio-
metric indicators, a Spearman correlation analysis
was performed on the entire study cohort. A statis-
tically significant correlation was found between
mLDFA and aHKA (p =—0.65; p < 0.001), as well as
between mMPTA and aHKA (p = 0.74; p < 0.001),
confirming the anatomical relationship between
the indicators of frontal alignment in the femoral and
tibial segments and the internal consistency of the
measured parameters.

To determine the typical phenotype of frontal
alignment of the lower limb, the analysis was car-
ried out based on data from the conditionally healthy
population group, as this cohort reflects the native
anatomical variability of the knee joint without sec-
ondary changes related to degenerative-dystrophic
processes.

Fig. 2. Example of defining reference points according to the Paley method
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A total of 9 possible combinations of the aHKA
and JLO parameters were identified. Analysis
of aHKA showed that in the conditionally healthy
patients, neutral alignment was the most prevalent,
found in 142 cases (= 47.3 %). Varus alignment was
observed in 118 cases (= 39.3 %), while valgus align-
ment was present in 40 cases (= 13.3 %)).

The JLO parameter highlighted that in 151 cases
(= 50.3 %), the joint line had an apex distal orien-
tation. Neutral JLO orientation was observed in
139 patients (= 46.3 %). The apex proximal orienta-
tion of the joint line was the rarest, occurring in only
10 cases (= 3.3 %).

Thus, the most common CPAK phenotypes in
the conditionally healthy group were Type II —
74 cases (= 24.7 %), Type I — 65 cases (= 21.7%), and
Type V— 63 cases (= 21.0 %).

The distribution of phenotypes according to
the CPAK classification in the conditionally healthy
group (n = 300) is shown in Table 1.

To identify potential characteristics of native fron-
tal alignment, a separate analysis of the CPAK pheno-
typic distribution by gender was conducted.

In the male subgroup, the most frequent CPAK
phenotype was Type II (28 %), followed by Types I
(24 %) and IV (19 %). In the female subgroup, the dis-
tribution was slightly different: Type V was the lead-
ing phenotype (25 %), followed by Type II (20 %) and
Type I (19 %).

In the group of patients with osteoarthritis
of stage III-IV (Kellgren-Lawrence classification),
during the analysis of aHKA, a significant predom-
inance of varus alignment was noted, observed
in 116 cases (58 %). Neutral values were observed
in 68 patients (34 %), while valgus alignment was
the least common — 16 cases (8 %).
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Fig. 3. Combinations of aHKA and JLO that form the CPAK
phenotype matrix [13]

As for joint line orientation (JLO), the most com-
mon variant was apex distal — 118 cases (59 %).
Neutral JLO was observed in 78 cases (39 %), while
apex proximal was rare, occurring in 4 cases (2 %).

According to the CPAK classification, the most
frequent phenotype was Type I — 71 cases (35.5 %).
The next most common were Type IV — 44 cases
(22 %) and Type II — 39 cases (19.5 %). The distri-
bution of phenotypes in patients with osteoarthritis is
shown in Table 2.

An analysis of the distribution of CPAK pheno-
types in patients from Group 2, taking gender into
account, revealed that in both subgroups, phenotypes
associated with varus frontal alignment and apex dis-
tal joint line orientation predominated.

In the male subgroup, the most common were
CPAK phenotypes I (= 48.3 %), IV, and II (= 21.3 %),
reflecting a marked shift in the distribution towards
varus variants of frontal alignment.

In the female subgroup, the leading phenotype
was also CPAK Type I (= 25.2 %), followed by phe-
notypes Il (= 22.5%) and V (= 18.9 %), indicating
a more even distribution of CPAK phenotypes, with
a relatively higher proportion of neutral variants com-
pared to the males.

Among the valgus variants of frontal alignment,
phenotype I1I was more common, with an overall fre-
quency of about 6 % in the female population and
about 3 % in the male population.

Study Limitations

This study has several limitations that should be
considered when interpreting the results. It is a retro-
spective descriptive study, which does not allow es-
tablishing causal relationships between frontal align-
ment and the development of osteoarthritis.

Assessment of torsional deformities of the femur
and tibia was not part of the objectives of this ob-
servation; the analysis of angular radiometric pa-
rameters was based solely on panoramic radiographs
of the lower limbs, which is a widely accepted and
sufficient method for evaluating frontal alignment
and determining phenotypes according to the CPAK
classification. Since the study had a descriptive na-
ture and did not involve statistical comparison be-
tween cohorts, a formal assessment of measurement
variability was not performed. Anthropometric and
demographic factors that may significantly influence
the clinical course of osteoarthritis were not analyzed
in this work, as they are not decisive for determin-
ing the anatomical angular radiometric parameters
of frontal alignment of the lower limb, which were
the main subject of the study.
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Table 1 Table 2
Distribution of phenotypes according Distribution of phenotypes according
to the CPAK classification in Group 1 to the CPAK classification in Group 2
Parameter aHKA Parameter aHKA
Varus Neutral Valgus VYeworo Varus Neutral Valgus VYeworo
Apex distal 65 74 12 151 Apex distal 71 39 8 118
o | Neutral 51 63 25 139 o | Neutral 44 27 7 78
= Apex proximal 2 5 3 10 = Apex proximal 1 2 1 4
Total 118 142 40 300 Total 116 68 16 200

Although there are certain limitations, the find-
ings from this study make it possible to identify
the distinct characteristics of CPAK phenotype dis-
tribution within the sample examined, and establish
a basis for future prospective investigations.

Discussion

This study analyzed the features of frontal align-
ment of the knee joint based on the CPAK classifi-
cation, which uses two key radiological parameters,
namely the arithmetic angle aHKA and JLO. These
parameters are considered relatively stable in the ab-
sence of significant bone deformities and predomi-
nantly reflect native (constitutional) alignment, even
in patients with existing osteoarthritis. Therefore,
the analysis of CPAK phenotypes in the osteoar-
thritis group allows for interpreting frontal align-
ment not only as a result of degenerative changes but
also as a possible reflection of the initial anatomy
of the lower limb.

The results confirm the presence of significant na-
tive variability in the frontal-alignment of the knee
joint. The most common CPAK phenotypes were
II, I, and V, which generally align with data pub-
lished by other European researchers, who also note
the predominance of variants with neutral or mildly
varus frontal alignment and joint line orientation
of the apex distal type [3-5].

In the group of patients with osteoarthritis
stage III-1V, the distribution of CPAK phenotypes
was characterized by a pronounced shift toward varus
variants of frontal alignment, with the most common
being I, 1V, and II./ The predominance of varus phe-
notypes may be associated with the biomechanical
characteristics of load distribution on the medial
compartment of the knee joint and the role of ini-
tial frontal alignment in the formation of degenera-
tive changes. However, it is impossible to establish
a causal relationship within the scope of this study, as
its design did not involve prospective observation or
evaluation of native alignment prior to the develop-
ment of the degenerative process.

According to the meta-analysis by G. Giurazza
et.al. [22], for the European population, the predom-
inance of CPAK phenotypes I and II in healthy indi-
viduals.and the increase in the proportion of varus
phenotypes in patients with osteoarthritis have been
described. Meanwhile, a significant feature of the dis-
tribution of CPAK phenotypes in our national cohort
is the significantly lower frequency of phenotype II1,
particularly among the female population, compared
to the aggregated European data. This difference may
reflect population-specific anatomical features and
underscores the need for further multicenter studies
on CPAK phenotypes with a larger sample of patients.

The data obtained may have practical signifi-
cance in the context of individualized planning for
total knee arthroplasty. Knowledge of the distribution
of CPAK phenotypes in a specific population allows
for a better interpretation of native frontal alignment
and helps avoid a universal approach to restoring
the mechanical axis, which is particularly relevant in
light of the development of personalized alignment
strategies.

Conclusions

The predominance of CPAK phenotypes I, 11,
and V in the conditionally healthy group indicates
a higher prevalence of neutral and moderately varus
frontal alignment variants in the lower limbs. The ob-
served distribution of CPAK phenotypes in patients
with osteoarthritis, particularly the shift toward varus
alignment, underscores the potential role of initial
anatomy in the formation of degenerative changes.
The results support the importance of considering the
CPAK phenotype and native frontal alignment when

planning personalized total knee arthroplasty.

Conflict of Interest. The authors declare no conflict
of interest.

Perspectives for Future Research. Further studies, partic-
ularly prospective cohort observations, are needed to determine
whether the initial phenotype is a risk factor for degeneration, or
if the observed distribution merely reflects the inherent anatom-
ical features of the population.

Funding Information. The article is funded by the authors'
own resources.



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2026. Ne 1

Author Contributions. Moroz M. D. — Conceptualization

of the study, collection of clinical material, statistical analysis
and interpretation of findings, drafting the main text of the ar-
ticle; Kozak R. A. — Participation in manuscript preparation,
analysis and generalization of research findings, editing the text;
Kostohryz O. A. — Scientific supervision of the study, meth-
odological consultation, critical review of the manuscript, and
approval of the final version of the article; Kostohryz Yu. O. —
Collection of clinical material, systematization, and primary
processing of data; Kyrylenko M. Yu. — Performing radiomet-
ric measurements, analyzing and comparing clinical and radio-
logical parameters.

References

1.

10.

Bourne, R. B., Chesworth, B. M., Davis, A. M., Mahomed, N.N., &
Charron, K. D. (2010). Patient satisfaction after total knee
arthroplasty: Who is satisfied and who is not? Clinical or-
thopaedics & related research, 468(1), 57-63. https://doi.
org/10.1007/s11999-009-1119-9

Kahlenberg, C. A., Nwachukwu, B. U., McLawhorn, A. S.,
Cross, M. B., Cornell, C. N., & Padgett, D. E. (2018). Patient
satisfaction after total knee replacement: A systematic re-
view. HSS Journal®: the musculoskeletal journal of hospital
for special surgery, 14(2), 192-201. https://doi.org/10.1007/
s11420-018-9614-8

Hirschmann, M. T., Khan, Z. A., Sava, M. P., Von Eisen-
hart-Rothe, R., Graichen, H., Vendittoli, P., Riviere, C., Chen,
A.F, Leclercq, V., Amsler, F., Lustig, S., & Bonnin, M. (2024).
Definition of normal, neutral, deviant and aberrant coronal
knee alignment for total knee arthroplasty. Knee surgery,
sports traumatology, arthroscopy, 32(2), 473—489. https://
doi.org/10.1002/ksa.12066

Bellemans, J., Colyn, W., Vandenneucker, H., & Victor, J.
(2012). The Chitranjan Ranawat award: Is neutral mechanical
alignment normal for all patients? The concept of constitu-
tional Varus. Clinical orthopaedics & related research, 470(1),
45-53. https://doi.org/10.1007/311999-011-1936-5

Moser, L. B., Hess, S., Amsler, F., Behrend, H., & Hirsch-
mann, M. T. (2019). Native non-osteoarthritic knees have
a highly variable coronal alignment: A systematic review. Knee
surgery, sports traumatology, arthroscopy, 27(5), 1359-1367.
https://doi.org/10.1007/s00167-019-05417-2

Thienpont, E., Schwab, P. E., Cornu, O., Bellemans, J., &
Victor, J. (2017). Bone morphotypes of the Varus and valgus
knee. Archives of orthopaedic and trauma surgery, 137(3),
393-400. https://doi.org/10.1007/s00402-017-2626-x
Cooke, D., Scudamore, A., Li, J., Wyss, U., Bryant, T, &
Costigan, P. (1997). Axial lower-limb alignment: Comparison
of knee geometry in normal volunteers and osteoarthritis
patients. Osteoarthritis and cartilage, 5(1), 39—47. https://
doi.org/10.1016/s1063-4584(97)80030-1

Shetty, G. M., Mullaji, A, Bhayde, S., Nha, K. W., & Oh, H. K.
(2014). Factors contributing to inherent Varus alignment
of lower limb in normal Asian adults: Role of tibial plateau
inclination. The knee, 21(2), 544—548. https://doi.org/10.1016/j.
knee.2013.09.008

Huan, W., Mochizuki, T., Tanifuji, O., & Kawashima, H.
(2022). Variability of functional knee phenotype for coronal
alignment in advanced Varus knee osteoarthritis in the Japanese
population. Knee surgery, sports traumatology, arthroscopy,
31(4), 1451-1461. https://doi.org/10.1007/s00167-022-07248-0
Hess, S., Moser, L. B., Amsler, F., Behrend, H., & Hirsch-
mann, M. T. (2019). Highly variable coronal tibial and femoral
alignment in osteoarthritic knees: A systematic review. Knee

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

surgery, sports traumatology, arthroscopy, 27(5), 1368—1377.
https://doi.org/10.1007/3s00167-019-05506-2

Hwang, D., Wook Choi, M., Kim, S., Han, H., Bum Chang, C.,
Chul Lee, M., Lee, N., & Hyun Ro, D. (2023). Age and sex
differences in coronal lower extremity alignment in a healthy
Asian population. The knee, 45, 198-206. https:/doi.org/10.1016/;.
knee.2023.09.009

Moser, L. B, Hess; S., De Villeneuve Bargemon, J., Faizan, A.,
LiArno, S., Amsler, F.,, Hirschmann, M. T., & Ollivier, M. (2022).
Ethnical differences in knee phenotypes indicate the need for
a more individualized approach in knee arthroplasty: A com-
parison of 80 Asian knees with 308 Caucasian knees. Journal
of personalized medicine, 12(1), 121. https://doi.org/10.3390/
jpm12010121

MacDessi, S. J., Griffiths-Jones, W., Harris, 1. A., Belle-
mans, J., & Chen, D. B. (2021). Coronal plane alignment
of the knee (CPAK) classification. The bone & joint journal,
103-B(2), 329-337. https://doi.org/10.1302/0301-620x.103b2.
bjj-2020-1050.r1

MacDessi, S. J., Griffiths-Jones, W., Harris, I. A., Bellemans, J., &
Chen, D. B. (2020). The arithmetic HKA (aHKA) predicts
the constitutional alignment of the arthritic knee compared
to the normal contralateral knee. Bone & joint open, 1(7),
339-345. https:/doi.org/10.1302/2633-1462.17.bjo-2020-0037.r1
Hirschmann, M. T., Hess, S., Moser, L. B., Robertson, E. L., &
Leclercq, V. (2022). Phenotypes of the knee and limb: Ra-
tionale for transitioning toward personalized alignment in
total knee arthroplasty. Calipered kinematically aligned total
knee arthroplasty, 6—12. https://doi.org/10.1016/b978-0-323-
75626-6.00002-0

Golovakha, M., & Bondarenko, S. (2023). Use of an indi-
vidual tool for kinematic alignment of the limb axis during
knee arthroplasty (clinical case). Orthopaedics traumatology
and prosthetics, (1), 80—85. https://doi.org/10.15674/0030-
59872023180-85

Zazirnyi, L. (2024). Computer navigation and robotic surgery
during total knee arthroplasty. Orthopaedics traumatology
and prosthetics, (1), 64—69. https://doi.org/10.15674/0030-
59872024164-69

Golovakha, M., & Bondarenko, S. (2025). Assessment of the ac-
curacy of reproduction of the lower limb axis using an individual
instrument during endoprosthetics with kinematic alignment
of the knee joint. Orthopaedics traumatology and prosthetics,
(2), 52-57. https://doi.org/10.15674/0030-59872025252-57
Moroz, M., Kozak, R., Kostogryz, O., & Bondar, V. (2025).
Evaluation of the efficacy of kinematic and mechanical
alignment in primary total knee arthroplasty during
the early postoperative period. Orthopaedics traumatology
and prosthetics, (3), 53—60. https://doi.org/10.15674/0030-
59872025353-60

Paley, D. (2002). Normal Lower Limb Alignment and Joint
Orientation. In: Principles of Deformity Correction. Springer,
Berlin, Heidelberg. https:/doi.org/10.1007/978-3-642-59373-4 1
Marques Luis, N., & Varatojo, R. (2021). Radiological assess-
ment of lower limb alignment. EFORT Open reviews, 6(6),
487—-494. https://doi.org/10.1302/2058-5241.6.210015
Giurazza, G., Tanzilli, A., Franceschetti, E., Campi, S.,
Gregori, P., Parisi, F. R., Paciotti, M., Perricone, G., Zam-
pogna, B., & Papalia, R. (2025). Coronal plane alignment
of the knee phenotypes distribution varies significantly as
a function of geographic, osteoarthritic and sex-related fac-
tors: A systematic review and meta-analysis. Knee surgery,
sports traumatology, arthroscopy, 33(10), 3592-3605. https://
doi.org/10.1002/ksa.12704



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2026. Ne 1

The article has been sent to the editors Received after review Accepted for printing
03.12.2025 02.02.2026 10.02.2026

DEFINITION OF THE KNEE PHENOTYPE IN THE UKRAINIAN POPULATION
BASED ON THE CPAK CLASSIFICATION

M. D. Moroz !, R. A. Kozak !, O. A. Kostogryz !, Y. O. Kostogryz ', M. Yu. Kyrylenko >

! Diagnostic Center «M24», Kyiv. Ukraine

2 ST «Institute of Traumatology and Orthopedics of the NAMS of Ukraine», Kyiv

<] Mykola Moroz: moroznd@ukr.net; https:/orcid.org/0000-0003-4134-1322

<] Roman Kozak: ra.kozak@gmail.com; https:/orcid.org/0000-0002-5132-027X

< Oleg Kostogryz, MD, DMedSci: arztkostogryz@ukr.net; https:/orcid.org/0000-0002-9533-9247
D Yurij Kostogryz, MD, PhD: Arzt@i.ua; https:/orcid.org/0000-0001-7187-298X

<] Mykola Kyrylenko: nikolakyrylenko@gmail.com; https://orcid.org/0009-0008-0872-6638




ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2026. Ne 1

VIK 616.727.2-002-073.763.5(045)

DOI: http://dx.doi.org/10.15674/0030-59872026127-32

MRI classification of rotator cuff arthropathy

S. S. Strafun ', S. V. Bohdan ', S. O. Strafun ', R. O. Sergienko >

ST «Institute of Traumatology and Orthopedics of the National Academy of Medical Sciences of Ukraine», Kyiv

?National University of Ukraine on Physical Education and Sport, Kyiv

There are several classifications of rotator cuff arthropathy,
which are predominantly based on the X-ray examination of pa-
tients. The aim of the study was to develop an MRI classification
of rotator cuff arthropathy of the shoulder joint. Methods. We in-
cluded to the study MRI examinations of 91 patients with rotator
cuff arthropathy. Presence of acromion acetabularization, dete-
rioration of the shoulder joint articular cartilage, fatty degen-
eration of the rotator cuff muscles (except teres minor muscle)
according to the Goutallier classification, global fatty degenera-
tion index (GFDI) were determined on MRI. Results. After ana-
lyzing the above-mentioned criteria, we divided all patients into
4 groups depending on the stage of the disease. We compared
the distribution of patients into groups according to the Hamada
X-ray classification and according to the proposed MRI clas-
sification and made sure of the reproducibility of the data.
Conclusion: After comparing Hamada&apos;s classification
and our classification, we found that the first stage according
to Hamada&apos;s classification corresponds to the first stage
of our MRI classification, the second stage corresponds to the
second and third stages of MRI classification, the third, fourth
and fifth stages according to Hamadac&apos;s classification cor-
respond to the fourth stage of our'MRI classification. The MRI
classification of rotator arthropathy of the shoulder joint pre-
sented by us has advantages over the Hamada classification and
other radiological classifications, since it takes into account
not only the migration of the humeral head and the presence
of omarthrosis, but also answers the question of the condition
of the rotator cuff muscles, which allows us to determine the ra-
tional tactics of surgical treatment in this group of patients.
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