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ABSTRACT

The incidence and prevalence of aseptic osteonecrosis of the joints remain insufficiently studied in most countries. According to various
authors, it occurs in 1.4 — 4.7 % of patients with hip joint pathology. Interventional regenerative technologies are becoming the only alternative
to hip and knee replacement in aseptic osteonecrosis today.

THE AIM of the study was to develop a method for treating aseptic osteonecrosis of the hip and knee using regenerative technologies and
analyse the results of its application.

MATERIALS AND METHODS. The overall group analysed for treatment outcomes of aseptic osteonecrosis of the hip and knee included 182
patients (262 joints), of whom 102 were men and 80 were women. The mean age of patients was 42.5 + 20.8 years. A total of 121 patients
(187 joints) had aseptic osteonecrosis of the hip and 61 patients (75 joints) had aseptic osteonecrosis of the knee. For patients with aseptic
necrosis of the hip the Harris Hip Score, Oxford Hip Score, and VAS were used, while for patients with aseptic osteonecrosis of the knee, the
KOOS, Oxford Knee Score, and VAS were applied. The follow-up period in all groups was 12 + 0.5 months.

RESULTS. A regenerative interventional technique for treating aseptic osteonecrosis of the hip and knee was developed. To improve the tech-
nology of intramedullary administration of the biotechnological product, a navigation device was designed. The quality of life indicators in the
group that underwent preoperative intra-articular administration of autologous peripheral blood concentrates demonstrated better improve-
ment in pain reduction and joint function compared with the group that underwent core decompression with administration of the mononuclear
fraction of bone marrow aspirate alone.

In patients with Ficat stage I, positive functional outcomes and pain reduction were observed as early as three months after treatment.
Significant positive results were obtained in all patients of this group 12 months after treatment across all scales. Positive outcomes were also
observed in patients with stage Il and Ill, although in stage Ill the improvement progressed much more slowly.

Analysis of clinical indicators over time using KOOS, OKS and VAS scales, depending on the Ficat stage, revealed that positive dynamics in
aseptic osteonecrosis of the knee developed more slowly compared with hip necrosis, but by 12 months the quality of life scores were nearly
comparable. The improvement in quality of life, pain relief and joint function was significantly more pronounced in patients with stage | and II.

CONCLUSION. |t was established that the two-stage treatment approach (preoperative intra-articular administration of autologous peripheral
blood concentrates followed by core decompression and inframedullary administration of the mononuclear fraction of bone marrow aspirate)
significantly improves clinical outcomes according to quality of life questionnaires compared with the one-stage treatment group. Analysis of
clinical dynamics depending on the Ficat stage demonstrated significant improvement in quality of life, pain relief and joint function in patients
with stage | and Il 12 months after treatment.
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The incidence and prevalence of aseptic necrosis of the joints remain  approximately 15,000 new cases of aseptic necrosis are registered annu-
insufficiently studied in most countries. According to various authors, it  ally, and more than 10 % of all hip arthroplasties are performed due to its
occurs in 1.4 — 4.7 % of patients with hip pathology. In the United States,  consequences. In Japan, 2,500 — 3,300 cases of femoral aseptic necrosis
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are diagnosed each year, of which 34.7 % are caused by corticosteroid
use, 21.8 % result from alcohol abuse, and 37.1 % are attributed to idio-
pathic mechanisms [1-5]. As for aseptic osteonecrosis of the knee, epide-
miological data are virtually absent in the literature; however, based on our
observations, the incidence of this condition has increased significantly
following the coronavirus pandemic, which requires further investigation.

According to etiological factors, aseptic osteonecrosis is classified
into traumatic, which mainly results from high-energy injuries (frac-
tures in the joint region, traumatic dislocations and subluxations), and
non-traumatic, which may develop due to prolonged corticosteroid use,
exposure to alcohol, drugs and other toxins, ionizing radiation, fat em-
bolism, hematologic diseases (coagulopathies, sickle cell anemia, Gau-
cher disease), decompression sickness, etc. [6]. In non-traumatic aseptic
osteonecrosis, the initial stage is characterized by hypertrophy of bone
marrow adipocytes, which leads to impaired blood supply to the epiphy-
sis. In traumatic AN, the disruption is directly caused by the injury itself.
Subsequently, both pathogenic variants converge: critical ischemia deve-
lops, leading to osteonecrosis. An inflammatory process ensues, result-
ing in bone resorption and destruction. Regenerative medicine technolo-
gies are becoming the only alternative to hip and knee replacement in
aseptic osteonecrosis today [7-8].

Regenerative interventional orthopedics is a field that has emerged
due to the integration of advances in modern regenerative medicine with
imaging techniques [9]. In essence, regenerative interventional technolo-
gies (RIT) represent a “bridge” between traditional conservative treatment
methods and conventional surgical interventions.

Of course, the use of imaging modalities such as ultrasound and
C-arm fluoroscopy had already been relevant in the past. Ultrasound guid-
ance was used for intra-articular administration of hyaluronic acid and
corticosteroids, while the C-arm was applied for bone core decompres-
sion in aseptic osteonecrosis of various localizations. However, with the
rapid development and implementation of regenerative technologies, the
scope of ultrasound- and X-ray-guided interventional procedures has ex-
panded significantly.

Owing to advances in ultrasound and radiologic navigation, the
capabilities of regenerative interventional technologies have markedly
increased. Not only intra-articular administration of biotechnological pro-
ducts has become accessible and relevant, but also targeted delivery into
specific intra-articular or periarticular structures [10]. In the hip, injec-
tions can be performed into the labrum, ligaments, and muscle attach-
ment sites [11]. In the knee, navigation allows access for injections into
the menisci, tendons, ligaments, and muscle attachment sites [12].

Intraosseous administration of biotechnological products has
always been important in the treatment of aseptic osteonecrosis, particu-
larly through core decompression of the proximal femur. These intraos-
seous injection techniques are continuously evolving, being refined, and
increasingly applied in aseptic osteonecrosis [13-14], becoming a real
alternative to early joint replacement.

THE AIM of the study was to develop regenerative technologies
using biotechnological products based on autologous peripheral blood
and bone marrow aspirate for the treatment of aseptic necrosis of the hip
and knee joints, and to analyze the outcomes of their application.

MATERIALS AND METHODS

The overall study group for analyzing treatment outcomes of asep-
tic necrosis of the hip and knee joints consisted of 182 patients (262
joints), including 102 men and 80 women. The mean age of the patients
was 42.5 + 20.8 years. A total of 121 patients (187 joints) had aseptic
osteonecrosis of the hip, and 61 patients (75 joints) had aseptic osteo-
necrosis of the knee. The mean age of patients with hip aseptic osteone-
crosis was 40.4 + 18.7 years, while the mean age of patients with knee
aseptic osteonecrosis was 51.2 + 9.3 years.
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Among men, 80 patients were treated for aseptic osteonecrosis of the
hip (34 with unilateral involvement and 46 with bilateral involvement), and
22 were treated for aseptic osteonecrosis of the knee (19 with unilateral
involvement and 3 with bilateral involvement).

Among female patients, 41 were treated for aseptic osteonecrosis of
the hip (21 with unilateral involvement and 20 with bilateral involvement),
and 39 were treated for aseptic osteonecrosis of the knee (28 with uni-
lateral involvement and 11 with bilateral involvement). Table 1 presents
the distribution of patients with aseptic osteonecrosis of the hip and knee
according to age, sex, and localization of the pathological process.

Table 1. Distribution of patients with aseptic necrosis of the hip and knee
joints by age, sex, and localization of the pathological process.

Parameter Characteristics Total Hip joint  Knee joint
Age Years 425208 40.4£187 512+93
80 22
Wale 102 (126 joints) (25 joints)
Sex
Female 80 4 39
(61 joints) (50 joints)
Follow-up Months 1205 12405 12£05

The treatment outcomes were analyzed according to the stage
of aseptic osteonecrosis based on the Ficat classification [15-16]. For
patients with aseptic necrosis of the hip the Harris Hip Score, Oxford Hip
Score, and VAS were used, while for patients with aseptic osteonecrosis
of the knee, the KOOS, Oxford Knee Score, and VAS were applied [17].
The distribution of patients is presented in Table 2.

Table 2. Distribution of patients with aseptic osteonecrosis of the hip and
knee according to the Ficat stage (patients/joints).

Ficat stage Hip joint Knee joint
1 43/68 26/37
2 51/76 21/24
3 27/43 14/14

The analysis was conducted according to the type of regenerative
interventional technologies applied. In Group 1, patients underwent core
decompression of the proximal femur (for aseptic osteonecrosis of the
hip) or distal femur (for aseptic osteonecrosis of the knee), followed by
administration of 5 ml of the mononuclear fraction of bone marrow aspi-
rate (single-stage treatment).

In Group 2, the first stage involved preoperative preparation through
intra-articular administration of autologous platelet lysate, aimed at in-
fluencing the articular cartilage. Patients with hip joint aseptic osteone-
crosis received 3 mL of the biotechnological product, while those with
knee aseptic osteonecrosis received 4 mL. Injections were administered
once weekly for a total of 6 sessions. The second stage consisted of core
decompression with administration of 5 ml of the mononuclear fraction of
bone marrow aspirate (two-stage treatment). The distribution of patients
in the groups is presented in Table 3.

Table 3. Distribution of patients with aseptic osteonecrosis of the hip and
knee according to the type of RIT (Group 1 - single-stage treat-
ment, Group 2 — two-stage treatment).

RIT variant Single-stage treatment

60/85
29/29

Two-stage treatment

61/102
32/46

Hip (patients/joints)
Knee (patients/joints)

For patients with aseptic osteonecrosis of the hip, treatment out-
comes were analyzed using the HOOS, OHS, and VAS scales. Correspond-
ingly, for patients with aseptic osteonecrosis of the knee, the KOOS, OKS,
and VAS scales were applied. Assessments were performed before treat-
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ment and at 3, 6, and 12 months after treatment. The mean follow-up
period across all analysis groups was 12 + 0.5 months.

STATISTICAL ANALYSIS. Numerical values of the studied parameters
were processed using descriptive statistical methods in MS Excel (Micro-
soft, USA) and are presented as mean + standard deviation. The paramet-
ric Fisher F-test was used as the criterion of significance after performing
the Shapiro-Wilk test for normality. Differences were considered statisti-
cally significant at p < 0.05.

RESULTS AND DISCUSSION

A method for treating aseptic osteonecrosis of the hip and knee
using regenerative technologies with biotechnological products based on
autologous peripheral blood and bone marrow aspirate was proposed,
consisting of the following stages. During the surgical procedure on the
hip joint, the patient was positioned supine. The hip joint was visualized
using a G-arm, and a lateral incision of up to 2 ¢cm on the femur was
performed (Fig. 1).

Fig. 1. Photographs of the stages of intramedullary administration of bio-
technological products in aseptic osteonecrosis of the femoral
head: A — radiologic navigation; B — percutaneous access.

The next stage involved placing a guide pin at the site of proximal
femur core decompression and adjusting its trajectory in both the antero-
posterior and lateral projections (Fig. 2).

Fig. 2. Photographs of navigation during proximal femur core decompres-
sion in aseptic osteonecrosis of the femoral head: A — placement
of the guide pin to determine the trajectory of the core decompres-
sion; B — radiologic control of the core decompression direction in
the anteroposterior projection; C — radiologic control of the core
decompression direction in the lateral projection.
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A method for administering the biotechnological product was
proposed, involving the use of a custom-designed navigator for guiding
the guide pin, drill, and trocar during core decompression.

The navigator consists of a handle and a working part. The handle is
connected to the working part via a threaded joint. The proximal end of
the working part is cylindrical, transitioning into a grooved blade at an
obtuse angle relative to the axis of the handle, with the blade having a
sharpened distal tip.

The presence of a grooved blade with a sharpened distal end
allows the navigator to be inserted into the bone canal without obstruction
and eliminates the need for radiologic control during trocar placement.
Designing the grooved blade at an obtuse angle relative to the handle axis
maximizes its adaptation to the anatomical features of the targeted area,
particularly the proximal femur. Furthermore, the navigator can be used
in patients with varying anthropometric characteristics. Fig. 3 presents a
schematic of the navigator in the lateral projection.

1
3
Fig. 3. Schematic of the navigator for guiding the hollow drill and trocar
during bone core decompression for the administration of biotech-
nological products, where 1 —handle, 2 — working part, 3 — grooved
blade.

During proximal femoral core decompression, the navigator was used
at the stages of replacing navigation instruments (guide pin, Kirschner
wire, drill, trocar) to create the bone tunnel. The device allowed for
sequential replacement of each navigation instrument with the next. The
advantages of the navigator include facilitating the surgical procedure by
ensuring precise intramedullary administration of regenerative injection
products, preventing soft tissue interposition and injury during the proce-
dure. The proposed navigator does not require additional technical equip-
ment and reduces the duration of the surgical intervention.

In the next stage, using the navigator, the guide pin was removed
from the created channel, and a Kirschner wire was inserted through the
channel to the site of biotechnological product administration. A cannu-
lated drill and the custom-designed navigator were used to guide the wire
[18]. The placement of the wire was controlled using a C-arm in antero-
posterior and lateral projections (Fig. 4).

Fig. 4. Photographs of guiding the Kirschner wire to the site of biotech-
nological product administration in the femoral head: A — using
the custom-designed navigator to replace the guide pin with the
navigation wire; B — control of wire placement in the anteroposterior
projection; C — control of wire placement in the lateral projection.



In the next stage, a 4.5 mm cannulated drill was advanced over the
navigation Kirschner wire, creating a channel to the site of biotechno-
logical product administration under C-arm control in anteroposterior and
lateral projections (Fig. 5).

Fig. 5. Photographs of bone channel creation for biotechnological product
administration: A — creation of a bone channel for biotechnologi-
cal product administration in the subchondral region of the femoral
head; B — control of bone channel creation in the anteroposterior
projection; C — control of bone channel creation in the lateral pro-
jection.

After creating the bone channel, the drill was replaced with an 8G
trocar for intramedullary manipulations. A three-component Luer Lock
syringe filled with the biotechnological product was connected to the
trocar, and the product was administered under C-arm guidance. After
administration, 0.9 % sodium chloride solution was introduced through
the trocar to flush the remaining biotechnological product from the walls
of the trocar into the pathological area of the femoral head and to ensure
fixation of the product within the site (Fig. 6).

Fig. 6. Photographs of biotechnological product administration through the
trocar and subsequent 0.9 % sodium chloride solution injection to
flush the remaining product from the walls of the trocar into the
pathological area of the femoral head.

For intramedullary administration of biotechnological products into
the knee, depending on the location of the lesion, core decompression of
the bone was performed sequentially from the lateral or medial surface
of the distal third of the femur or the proximal third of the tibia using a
Kirschner wire, a cannulated drill, and an 8G trocar for intramedullary
manipulations. The custom-designed method of biotechnological product
administration using the navigator for the guide pin, the drill, and the
troakar during core decompression, described above, was applied.
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As an example, intramedullary administration of the mononuclear
fraction of bone marrow aspirate was performed in aseptic necrosis of
the lateral femoral condyle. The injection was performed from the side
of the healthy bone, in this case from the medial femoral condyle. Fig. 7
presents the stage of access and selection of the direction for creating the
intramedullary channel using the guide pin.

Fig. 7. Photographs of access (A) and guide pin placement (B) for creating
an intramedullary channel in a patient with aseptic osteonecrosis of
the lateral femoral condyle.

Subsequently, the guide pin was replaced with a navigation Kirschner
wire, which was advanced using a cannulated drill and the custom-
designed navigator to the site of biotechnological product administration.
The placement of the wire was controlled using a C-arm in anteroposte-
rior and lateral projections (Fig. 8).

Fig. 8. Photographs of controlling the navigation Kirschner wire placement
into the pathological area of the lateral femoral condyle in antero-
posterior (A) and lateral (B) projections.

The next stage involved reaming the intramedullary channel over the
wire using a 4.5 mm cannulated drill, with guidance and control using the
C-arm in anteroposterior and lateral projections (Fig. 9).

Fig. 9. Photographs of intramedullary channel creation to the area of
aseptic osteonecrosis of the lateral femoral condyle (A) and C-arm
control (B).
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The drill was then replaced with an 8G trocar for intramedullary
manipulations. A three-component Luer Lock syringe filled with the bio-
technological product was connected to the trocar, and the product was
administered under C-arm guidance (Fig. 10).

Fig. 10. Photographs of trocar placement over the navigation wire (A) and
biotechnological product administration (B).

After the administration of the biotechnological product, 0.9 %
sodium chloride solution was introduced through the trocar to flush the
remaining product from the walls of the trocar into the pathological area
of the femoral head and to ensure fixation of the product within the site.

The dynamics of clinical indicators during follow-up were analyzed
in patients with aseptic necrosis of the hip (Table 4) and knee (Table 5)
joints using the HOOS and KOOS scales, respectively, depending on the
variant of regenerative interventional technology (RIT) applied: in Group
1 (core decompression of the proximal femoral shaft or femoral condyle
with administration of the mononuclear fraction of bone marrow aspirate)
and in Group 2 (preoperative preparation via intra-articular administration
of autologous peripheral blood concentrates followed by core decompres-
sion of the proximal femoral shaft or femoral condyle with administration
of the mononuclear fraction of bone marrow aspirate).

Table 4. Dynamics of clinical indicators in patients with aseptic osteonecrosis of the hip at follow-up according to the HOOS scale, depending on the follow-up

period and RIT variant, Mean + SD.

Follow-up period

HoOS Pre-treatment 3 months 6 months 12 months

Group 1 2 1 2 1 2 1 2
Overall score, % 285+11.4 282+109 402106 4274102 506 +10.1* 60.4 +10.5* 62.6+14.8 717 +11.9*
Pain score, % 358+84 36.3+8.1 54.2+7.9* 59.1 +8.2* 61.4+7.8* 73.2+6.9* 69.8 +13.9* 81.6+11.1%
Symptoms score, % 349+126 33.8+12.1 52.8+12.8" 53.6+11.9* 62.9+10.7* 65.2+13.8" 69.4 +14.9* 73.8+10.9*
Joint function score, % 36.5+10.6 36.8+9.8 423+8.7 456+7.3 54.1+85* 63.8+7.1* 65.9+151* 771 £12.4*
Ability to perform activities, % 15.7 +12.4 149+11.7 258+11.9 26.7+115 328+12.1* 431 +11.9* 493+17.1* 55.2+14.8*
Quality of life, % 19.8+13.2 195+12.8 259+ 11.7 28.1+12.3 4.9+115* 55.4 +12.8** 58.7 +13.2* 70.7 £10.1**

Notes: * - p < 0.05 compared to pre-treatment values; # — p < 0.05 compared to Group 1.

Table 5. Dynamics of clinical indicators in patients with aseptic osteonecrosis of the knee at follow-up according to the KOOS scale, depending on the follow-up

period and RIT variant, Mean + SD.

Follow-up period

K00S Pre-treatment 3 months 6 months 12 months

Group 1 2 1 2 1 2 1 2
Overall score, % 27.4+112 27.2£10.7 39.7 £10.2* 41.4£99* 48.8+9.5* 59.1 £10.1* 61.4+12.9* 70.5 + 12.4*
Pain score, % 346+8.1 358+7.9 52.1+84* 58.6£9.0° 60.2 +8.1 71.8+7.2% 68.6 +13.2* 80.8 £ 11.3**
Symptoms score, % 34.1+12.8 332+124 52.4+12.6* 52.8+12.1* 62.4 +11.2 64.6 + 13.2* 68.8+15.1* 732+11.2
Joint function score, % 35.9+10.8 36.1+10.4 41.8+9.1 452+78 53.8+8.8* 63.2+7.6* 65.4 +14.8* 764 £12.6%
Ability to perform activities, % 154128 14.8+12.2 254 +12.1 26.1+11.9 32.2+12.6* 42.6+12.6* 48.6+16.8* 54.7+15.1*
Quality of life, % 196129 192126 257+11.8 27.6+12.1 M4£112 55.1 +12.4** 58.2+12.9 70.2 £ 10.4*

Notes: * - p < 0.05 compared to pre-treatment values; # — p < 0.05 compared to Group 1.

The dynamics of treatment outcomes were evaluated in patients with
aseptic osteonecrosis of the hip (Table 6) and knee (Table 7) depending
on the RIT variant using the OHS and OKS scales, respectively.

Table 6. Dynamics of clinical indicators in patients with aseptic osteone-
crosis of the hip at follow-up according to the OHS scale, depen-
ding on the follow-up period and RIT variant, Mean + SD.

Follow-up period Group 1 Group 2
Pre-treatment 15£32 1337

3 months 24+28 26+3.0*

6 months 31+£3.1* 35+3.3*

12 months 30+3.4" 37 +£3.9*

Notes: Group 1 - core decompression with administration of the mononuclear fraction of bone
marrow aspirate; Group 2 — preoperative preparation via intra-articular administration
of autologous peripheral blood concentrates.

* — p < 0.05 compared to pre-treatment values, # — p < 0.05 compared to Group 1.
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Table 7. Dynamics of clinical indicators in patients with aseptic necrosis of
the knee joint at follow-up according to the OKS scale, depending
on the follow-up period and RIT variant. Mean + SD.

Follow-up period Group 1 Group 2
Pre-treatment 146+34 12732

3 months 232+32 254+28*

6 months 30.6 3.4 341 £34"

12 months 29.2 3.6 36.8 +4.4**

Notes: Group 1 - core decompression with administration of the mononuclear fraction of bone
marrow aspirate; Group 2 — preoperative preparation via intra-articular administration
of autologous peripheral blood concentrates.

* — p < 0.05 compared to pre-treatment values, # — p < 0.05 compared to Group 1.

The dynamics of treatment outcomes were evaluated in patients with
aseptic osteonecrosis of the hip (Table 8) and knee (Table 9) depending
on the RIT variant using the VAS scale.



Table 8. Dynamics of clinical indicators in patients with aseptic osteone-
crosis of the hip at follow-up according to the VAS scale, depen-
ding on the RIT variant, Mean + SD.

Follow-up period Group 1 Group 2
Pre-treatment 9104 93+0.5

3 months 6.4+0.9 5907

6 months 56+11* 39+08*

12 months 45£1.0" 25+09*

Notes: Group 1 - core decompression with administration of the bone marrow aspirate mono-
nuclear fraction; Group 2 — preoperative preparation by intra-articular injection of
autologous peripheral blood concentrates.

* — p < 0.05 compared to pre-treatment values, # — p < 0.05 compared to Group 1.

Table 9. Dynamics of clinical indicators in patients with aseptic osteo-
necrosis of the knee at follow-up stages according to the VAS
depending on the variant of regenerative interventional technolo-
gies (RIT), Mean + SD.

Follow-up period Group 1 Group 2
Pre-treatment 9.3x03 9504

3 months 6.6+1.1 6.2+09*

6 months 59+1.2* 42+1.0"

12 months 4808 2.8+08*#

Notes: Group 1 — patients who underwent core decompression of the femoral condyle with
administration of the bone marrow aspirate mononuclear fraction; Group 2 — patients
who received preoperative preparation via intra-articular injection of autologous
peripheral blood concentrates followed by core decompression of the femoral condyle
with administration of the bone marrow aspirate mononuclear fraction.

* — p < 0.05 compared to pre-treatment values, # — p < 0.05 compared to Group 1.
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As can be seen from the analysis of the results, patients’ quality of
life improved significantly in both groups, in cases of aseptic necrosis of
both the hip and the knee, starting from the 6" month according to the
HOOS and KOOS scales. According to the OHS, OKS, and VAS scales,
in group 1, quality of life improved significantly from the 6™ month after
treatment, whereas in group 2, improvements were observed as early as
the 3 month.

In group 2, where preoperative preparation was performed by intra-
articular administration of autologous peripheral blood concentrates
followed by core decompression with the injection of the mononuclear
fraction of bone marrow aspirate, quality of life scores on all scales were
significantly higher at 12 months after treatment compared to group 1,
where just core decompression with injection of the mononuclear fraction
of bone marrow aspirate was performed (p < 0.05). This was observed
both in patients with aseptic osteonecrosis of the hip and the knee.

The next step was to assess the dynamics of clinical outcomes
during follow-up depending on the stage of disease according to Ficat.
The results of quality of life assessment in patients with aseptic osteonec-
rosis of the femoral head are presented in Table 10.

Thus, in patients with femoral head avascular osteonecrosis at
Ficat stage I, positive functional outcomes and a reduction in pain were
achieved as early as 3 months after treatment (p < 0.05). Statistically
significant improvements across all assessed scales were observed in
all patients in this group after 12 months. Positive outcomes were also
recorded in patients at stages Il and Il of the disease. The analysis of
treatment dynamics in patients with avascular osteonecrosis of the knee
is presented in Table 11.

Table 10. Dynamics of clinical parameters in patients with aseptic osteonecrosis of the femoral head at different stages of the disease according to Ficat, assessed

at follow-up using the Harris Hip Score, OHS, and VAS, Mean + SD.

Follow-up period

*
Pre-treatment 3 months 6 months 12 months P
Ficat 1
Harris, points 67.1+83 79177 81.4£6.9 90.5+5.8 p<0.01
OHS, points 224+37 32.1+6.4 36.3+4.7 44+57 p<0.01
VAS, cm 79+13 3719 29+14 20+12 p<0.01
Ficat 2
Harris, points 65.5+7.4 725+54 791+49 85.5+6.4 p<0.05
OHS, points 17.8+3.4 26.2+5.1 31.8+4.4 371464 p<0.01
VAS, cm 9.4+06 4721 38:16 28+18 p<0.01
Ficat 3
Harris, points 582+58 60.1+6.7 73.8+54 81.3+7.1 p<0.05
OHS, points 142 +6.1 231+87 26.8 £ 6.6 264+7.3 p<0.05
VAS, cm 9.7+0.3 72241 65+1.9 48+25 p<0.05

Notes: * — statistically significant differences when comparing the 12-month follow-up values with baseline.

Table 11. Dynamics of clinical outcomes in patients with aseptic osteonecrosis of the knee at different stages of the disease according to the Ficat classification,

assessed using the KOOS, OKS, and VAS scales, Mean + SD.

Follow-up period

*
Pre-treatment 3 months 6 months 12 months P
Ficat 1
K00S, points 291+84 439+87 62479 73198 p<0.01
OKS, points 248+85 29371 356+6.7 39.8+82 p<0.01
VAS, cm 76+14 35+18 28+16 1306 p<0.01
Ficat 2
K00S, points 279+78 M7+84 49179 675+94 p<0.05
OKS, points 18.8+8.1 252+81 304+74 352+72 p<0.01
VAS, cm 9406 4724 38+16 28+18 p<0.01
Ficat 3
K00S, points 252+88 36.4+10.7 438+94 54.3+12.1 p<0.05
OKS, points 12.8+59 219+89 258+7.1 249+638 p<0.05
VAS, cm 9604 79£29 6.8+24 5328 p<0.05

Notes: * — statistically significant differences when comparing the 12-month post-treatment values with baseline data.
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A more pronounced improvement in quality of life, as well as stronger
analgesic and functional effects, was observed in patients with Ficat stage
1 and 2 disease (p < 0.01) at 12 months after treatment, compared with
patients with stage 3 disease at the same time point.

Below are examples of MRI dynamics in patients with aseptic osteo-
necrosis of the hip and knee following regenerative interventional treat-
ments. Fig. 11 shows MRI images of the hip joints of a 35-year-old female
patient with avascular osteonecrosis of the left femoral head, Ficat stage
Il, prior to surgical intervention.

Fig. 11. MRI of the hips of patient L., 35 years old, with aseptic osteonecro-
sis of the left femoral head, Ficat stage Il, before treatment.

Fig. 12 shows the patient’s MRI scans 6 months after treatment,
which included six intra-articular injections of autologous platelet lysate
administered once weekly, followed by intraosseous administration of
autologous bone marrow aspirate mononuclear fraction. A reduction in
the aseptic necrosis lesion of the left femoral head is observed. On follow-
up MRI at 12 months after treatment, an almost complete resolution of
the necrotic lesion is noted (Fig. 12B).

Fig. 12. MRI of the hips of patient L., 35 years old with aseptic osteone-
crosis of the left femoral head at 6 months (A) and 12 months
(B) after treatment using regenerative interventional technologies
(details in the text).
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We present MRI findings illustrating the clinical dynamics in a
52-year-old female patient with aseptic osteonecrosis of the medial femo-
ral condyle, Ficat stage | (Fig. 13).

Fig. 13. MRI of the right knee of patient B., 52 years old, with aseptic
osteonecrosis of the medial femoral condyle, Ficat stage I, before
treatment with regenerative technologies.

The patient underwent six intra-articular injections of autologous
platelet lysate administered once weekly, followed by intraosseous
administration of autologous bone marrow aspirate mononuclear frac-
tion. Fig. 14 shows MRI changes 12 months after treatment, demonstra-
ting an almost complete resolution of the necrotic lesion.

Fig. 14. MRI of the right knee of a 52-year-old female patient with asep-
tic osteonecrosis of the medial femoral condyle, Ficat stage I, 12
months after treatment with regenerative interventional technolo-
gies (details in the text).

Fig. 15 presents the MRI of patient M., 23 years old, with aseptic
osteonecrosis of the left femoral head, Ficat stage I, before treatment.

Fig. 15. MRI of the hips of a 23-year-old male patient with aseptic osteo-
necrosis of the left femoral head, Ficat stage |, before treatment
(details in the text).



The patient initially received six intra-articular injections of autolo-
gous platelet lysate, followed by core decompression of the proximal
segment of the left femur with subchondral administration of the mono-
nuclear fraction of bone marrow aspirate. Fig. 16 shows the follow-up MRI
results obtained 12 months after treatment.

Fig. 16. MRI of the hips of patient M., 23 years old, with aseptic osteo-
necrosis of the left femoral head, Ficat stage I, 12 months after
treatment using regenerative interventional technologies (details
in the text).

Fig. 17 shows the MRI of a 34-year-old female patient with aseptic os-
teonecrosis of the lateral femoral condyle, Ficat stage Il, before treatment.

Fig. 18 shows the MRI findings of this patient 12 months after com-
pleting the course of treatment with regenerative interventional technolo-
gies, which included six intra-articular injections of autologous platelet
lysate administered once weekly, followed by core decompression of the
lateral femoral condyle with administration of the mononuclear fraction of
autologous bone marrow aspirate into the area of aseptic osteonecrosis.
The follow-up MRI demonstrates an almost complete resolution of the
necrotic lesion 12 months after treatment.

Fig. 17. MRI of the left knee of a 34-year-old female patient with aseptic
osteonecrosis of the lateral femoral condyle, Ficat stage Il, before
treatment (details in the text).

CONCLUSION

www.transplantology.org

Aseptic osteonecrosis is a severe joint pathology and one of the most
common indications leading to joint replacement surgery [19]. Numerous
conservative and surgical treatment modalities for aseptic osteonecrosis
have been described in the literature [20]. Regenerative technologies hold
a key position in determining the treatment strategy for this patients. The
most widely used approaches include platelet-rich plasma therapy [21-
26] and various applications of stem cells, ranging from transplantation
of native autologous bone marrow [27-28] and its mononuclear fraction
[29-31] to cultured autologous mesenchymal stem cells derived from
bone marrow [32-35] or adipose tissue [36], as well as combinations of
different biotechnological products [37].

The majority of published studies report positive clinical outcomes
following the use of regenerative technologies, including reduction of
pain, improvement in patients’ quality of life, and MRI-based evidence of
decreased necrotic lesion size. Our results are consistent with these fin-
dings for both hip and knee aseptic osteonecrosis. The rate and magni-
tude of the therapeutic response were influenced, among other factors,
by the Ficat stage of the disease. When treatment was initiated at stage
I, both the speed and extent of clinical improvement were greater com-
pared with patients treated at stage Il or lll (p < 0.01). Remodeling of the
necrotic lesion in this group also occurred more rapidly.

It should be noted that currently available publications on the treatment
of aseptic osteonecrosis of the hip and knee describe bone core decom-
pression followed by intramedullary administration of bone-marrow-de-
rived biotechnological products as the sole therapeutic approach [38-40].
For the first time, we performed a comparative analysis between a group of
patients who underwent core decompression with subsequent injection of
the mononuclear fraction of bone marrow aspirate, and a group of patients
who first received intra-articular injections of autologous peripheral blood
concentrates. A significant improvement in quality of life indicators and a
reduction in pain intensity 12 months after treatment were observed in the
second group compared with the first (p < 0.05).

In view of the above, regenerative interventional technologies repre-
sent a promising alternative to conventional treatment methods for avas-
cular necrosis of major joints and, in most cases, may help prevent the
need for total joint replacement.

Fig. 18. MRI of the left knee of a 34-year-old female patient with asep-
tic osteonecrosis of the lateral femoral condyle, Ficat stage Il, 12
months after treatment with regenerative interventional technolo-
gies (details in the text).

\ disease at 12 months after treatment.

1. The analysis of treatment outcomes in patients with aseptic osteonecrosis of the hip and the knee demonstrated that two-stage therapy -
namely, preoperative preparation via intra-articular injections of autologous peripheral blood concentrates followed by core decompression
and intramedullary administration of the mononuclear fraction of bone marrow aspirate - significantly improves clinical outcomes according to
quality of life questionnaires compared with patients who underwent single-stage treatment.

2. Analysis of the dynamics of clinical indicators during follow-up, according to quality of life questionnaires and stratified by disease stage
according to Ficat, revealed significant improvements in quality of life, analgesic effect, and joint function in patients with stage 1 and stage 2

y
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MeTopuka TiKyBaHHS aCeNTUYHOTO HEKPO3Y
KYJIbIIOBOIO Ta KOTiHHOTO CYIM06iB

3a JOIIOMOT 00 pereHepaTuBHIX
IHTepBEHIINTHNX TEeXHOIOTiN

Ta OIliHKa Ti e()eKTUBHOCTI

Tomok €. J1., Crpadyn C. C., Menpauk M. B., Macnosa T. C., ITmennunwit T. €., JIymiit O. M.

AY "Iucmumym mpaemamonoeii ma opmonedii HAMH Yxpainu", Kuie, Ykpaina

~

YacToTa Ta moLumMpPEHICTb aCENTUYHOr0 HEKPO3Y Cyrn06iB y OinbLIOCTI KPAiH BUBYEHI HEAOCTATHBO. 3a JaHuMu Pi3HNX aBTOPIB, BiH 3yCTpida-
€Tbes y 1,4 - 4,7 % nayieHTiB 3 naTosorier KymbLIOBOro cyr/oba. EAuHOK abTeEPHATUBOK eHA0MPOTE3YBAHHSA Cyr/106iB NPy acentuyHomy
HEKPO3i CbOroAHi CTarTh IHTEPBEHLIVIHI TEXHOOrIT PereHepaTnBHOI MEANLINHA.

METOH JOCTIAXEHHSA 6yna po3pobka METOANKY JTiKYBAHHS aCENTUYHOr0 HEKPO3Y KY/bLLIOBOro Ta KOIHHOIO Cyrfo6iB 3a JOMOMOIow pe-
reHepaTUBHUX TeXHOJIONIN Ta aHani3 pe3ysbTatiB il 3acTocyBaHHs.

MATEPIAJ1 | METOLMN. [pyny aHani3y nikyBaHHs aC€NTUYHOI0 HEKPO3Y KYJTbLLIOBOIO Ta KOMIHHOIO Cyrnobis cknamm 182 nauieHta (262 cyrio-
0a), cepes axux 102 4om0Biku 1a 80 XIiHOK. CepesHiv Bik XBopux cTaHoBuB 42,5 + 20,8 poku. Y 121 nauiexta (187 cyrno6is) 6yB acentuyHuii
HEKpO3 Ky/nbLUoBuX cyrnobis, y 61 nayieHta (75 cyrnobiB) — HeKPO3 KOMIHHOro cyrnoba. [na nayieHTis 3 HeKPO30OM Ky/bLLIOBOro cyrnoba
BuKopucToByBamu LKkany Harris Hip Score, Oxford Hip Score ta VAS, To4i ik 4ns nayieHTis 3 0CTeOHEKPO30M KoniHa — wwkany KOOS, Oxford
Knee Score 1a VAS. CepefHiii cTpok criocTepexerHs cknas 12 + 0,5 micsuiB.

PE3YJIbTATU. Po3p061eHO pereHepatuBHy iHTEPBEHLIVIHY METOANKY JTiKYBaHHSA acenTnyHoro HeKpo3y Ky/bLUOBOro Ta KOJIIHHOMO cyrnobis,
a TakoX Hapiratop AJ15 MOKPALLEHHS TEXHOJIOrIT BHYTPILLHbOKICTKOBOrO BBEAEHHS GIOTEXHOIOMNYHOIO NPoAYyKTY. [TOKa3HUKU AKOCTI XUTTS
nayieHTiB 3 MonepesHiM BHYTPILLHbOCYI/TI060BUM BBELIEHHAM ayTOOMYHUX KOHUEHTPATIB nepucepnyHoi kpoBi NnpOLEMOHCTPYBAIMN KpaLLy
ANHaMIKy LOAO0 3MEHLLEHHS 60/1bOBOr0 CUHAPOMY Ta MOKPALLEHHS OYHKLIT cyrioba, HiX y rpyni, 4e npoBOANIACS BUKIKYHO TyHeni3alis 3
BBELIEHHAM MOHOHYK/eapHOI ghpakyii acnipaty KiCTKOBOro MO3KY.

Y natjieHTiB 3 acenTn4HUM HEKPO3OM rO/I0BKN CTErHOBOI KICTKu npw 1-i1 cTaAii 3a Ficat BAanocsa otpumaty no3uTuBHI (OyHKLIOHaIbHI Pe3yrib-
74TV Ta 3MEHLLEHHS 60/1b0BOr0 CUHAPOMY BXE 4epe3 3 Micali nic/is nikyBaHHA. OTpuMany JOCTOBIPHO MO3UTUBHI PE3YTbTATH B YCiX NALiEHTIB
3a3Ha4eHoi rpynu Yepes 12 MicALiB nicns NikyBaHHs 3a yciMa Lukanamu. Takox Mo3uTUBHI Pe3ysibTatn OTpuMany y nayiexHtis npu 2-i 1a 3-i
cragii, ane npu 3-i cTagii no3uTUBHA JUHAMIKA Masia 3Ha4YHO MOBITIbHILLINI MPOrPec.

pu aHanisi kninivHnx nokasuukie 3a wkanamm KOOS, OKS 1a VAS, 3anexHo Big cTagii 3axBoproBaHHs 3a Ficat, BCTAHOBIEHO, 1O MO3UTHBHA
JAUHaMiKa rpy acentnyHoMy HeKpo3i KOMHHOro Cyrnoba, MopiBHAHO 3 acenTuyHUM HEKPO3OM KyJTbLLUOBOro Cyrno6a, fnposBrseTbCa OibLL
OBIIbHO, as1e Yepe3 12 MiCALIB NOKAZHUKU SKOCTI XUTTS NPAKTUYHO CrIBCTABHI. biflbLL JOCTOBIDHUM € NOKPALLYEHHS AKOCTI XUTTA Ta QyHKUIT
cyrnoba, a Takox 3He6 00 YNY eqHeKT y navieHTiB 3 1-10 Ta 2-10 cTagieto 3a Ficat.

BUCHOBOK. BctaHosneHo, L0 ABOXETAIHE JiKyBaHHA (epesonepayiina migrotoBka LsxoM BHYTPILIHbOCYT/1I060B0ro BBEAEHHS ayTosoriy-
HUX KOHLUEHTPATIB NepughepuyHoi KDOBI 3 M0JAasbLLIOK TYHeNI3alier Ta BHYTPILLHbOKICTKOBUM BBEAEHHSAM MOHOHYK/6aPHOI (hpakuyii acnipary
KICTKOBOI0 MO3KY) IOCTOBIDHO MOKPALLYE KIIHIYHI PE3Y/bTaty 3riJHO OMUTYBASIbHUKIB SKOCTI XXUTTSA MOPIBHAHO 3 NayieHTamMu, IKUM POBOAN-
JI1 O[HOETAIHE JIiKyBaHHs. 3a pe3ynbTaTamu aHanisy AUHamik KIiHIYHUX MOKA3HUKIB 3a16XHO Bifj CTafil 3aXBOPIOBaHHs 3a Ficat BCTaHOB/EHO
JOCTOBIPHI MOKA3HNKN NOKPALLEHHS SKOCTI XWUTTA, @ TAKOX 3HEOO0H0BANIbHUI QOEKT Ta NOKPALLEHHS QYHKUIT cyrnoba y nayienTis 3 1-10 1a
2-10 CTaieto 3aXBOPHOBAHHA Yepe3 12 MicALiB Mic/is NiKyBaHHA.

KJTHOY0BI CJI0BA: kynbLu0Buii cyriob; KOMiHHUIA cyrio0,; acenTuyHui HEKPO3, PereHepaTuBHI iHTEePBEHLIVIHI TEXHOOII; BHYTPILLIHbOKICTKOBI
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