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Aim: Non-operative arthrosis treatment via stem cell transplantation is a current medical priority. Standard stromal-vas-
cular fraction (SVF) transplantation yielded unsatisfactory results in some patients, prompting development of a modified,
more effective protocol.
Methods: 20 patients (18F, 2M; ages 42-72) with grade I-Il hip arthrosis were divided equally into a study group (modi-
fied protocol) and control group (standard method). Outcomes were assessed via instrumental imaging (ultrasound, X-ray,
CT, MRI), laboratory tests, the Lequesne algofunctional index, and modified Harris scale.
The modified method comprised three phases:

Phase | - Pre-transplant elimination of acute inflammation and pain relief;

Phase Il - SVF preparation from autologous adipose tissue and joint injection;

Phase Ill - Post-transplant management via magnetotherapy, early rehabilitation, and infection prevention.
Adipose tissue (80-120 ml) was harvested by liposuction and processed using Arthrex technology, yielding 10-12 ml of
injectable SVF.
Results: In the study group, 8/ 10 patients fully restored limb support and joint function within 6 months, exceeding 90 points
on the Harris scale. The control group showed slow, unstable recovery; only 3/10 achieved a clinically good result.
Conclusion: The modified SVF transplantation method is significantly more effective than the standard approach. Key suc-
cess factors include pre-transplant inflammation control, post-transplant magnetotherapy, and infection prevention. No
reliable laboratory marker for regeneration dynamics was identified; CT and MRI remain the primary monitoring tools. The

authors recommend broader clinical trials with larger patient cohorts and longer observation periods.

Key words: Arthrosis, Regeneration, Transplantation, Stromal-Vascular Fraction (SVF), Standard method,

Innovative method, Early rehabilitation.

RELEVANCE

Conservative treatment (treatment with medications,
injection therapy, physiotherapy, and others) of the spine
and joints is mainly aimed at eliminating pathological
symptoms and restoring and rehabilitating joint function.
However, the issue of regeneration — restoration of the in-
jured tissue system is not considered in this chain [27, 28,
29, 39], which is why long-standing, continuous treatment
often ends with an endoprosthesis, and an endoprosthesis
has both positive and negative side effects [38].

Treatment of arthrosis without surgery is a significant
challenge in modern medicine and biomedical engineer-
ing. It is possible only with timely started regenerartive
therapy, namely, with transplantation of stem cells in the
injured joint [9, 12, 16, 20, 22, 35], however, transplan-
tation conducted by us with standard method (taking adi-
pose tissue from organism, preparation of the stromal-vas-
cular fraction containing mesenchymal stem cells and
injecting in target joint) showed a less effective result in the
part of patients; Namely, the tempo of transformation of
stem cells into collagen cells, accordingly, regeneration of
tissues and restoration of joint were ongoing ineffectively

and dully, and in single case, it ended up in failure. Since

the treatment of arthrosis with stem cell transplantation is,

in principle, the most correct and physiologically the most
correct form [4, 5, 6, 14], we doubted not the method but
its management.

Clinical practice has shown that not only restyling but
also a completely new design of the standard stem cell
transplantation method is necessary to increase treatment
efficiency.

For this purpose, we studied and analyzed the man-
agement of standard treatment, in which several orga-
nizational and medical reasons for low efficiency were
identified, namely:

1. underestimation of the stem cell resource in patients'
bodies,

2. transplantation of non-autologous stem cell mass into
the target joint (low concentration of stem cells in ma-
terial to be transplanted, insufficient volume of mate-
rial),

3. coexistence of an acute or chronic inflammatory pro-
cess in the joint along with arthrosis,

4. systemic and infectious diseases of connective tissue
(viral, bacterial and fungal).
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From an organizational perspective, standard treat-
ment did not properly address patient preparation be-
fore transplantation, management of regeneration, or
timely initiation of rehabilitation. Monitoring the patient's
condition to prevent infectious and somatic diseases was
overlooked, as was providing appropriate treatment when
needed. Furthermore, in rare cases, necrotic—inflammato-
ry processes caused by rough mechanical exposure of the
joint's hard tissues during transplantation prevented regen-
eration, resulting in endoprosthesis placement.

Considering the fundamental shortcomings and in-
correct approaches of the standard method for treating
arthrosis with mesenchymal stem cell transplantation, we
aimed to develop a modified and, most importantly, prac-
tically effective treatment method.

AIM OF THE STUDY

1. Investigation of the causes of the low effectiveness of
the standard method for treating arthrosis with autol-
ogous adipose tissue stromal-vascular fraction (SVF)
transplantation.

2. Creation of a new, modified, and effective method of
treatment for arthrosis, taking into account the causes
of the low effectiveness of stromal-vascular fraction
transplantation treatment.

3. Comparison of the results of the modified and standard
methods of treating arthrosis with stromal-vascular
fraction transplantation.

4. Justification of the superiority of the modified treat-
ment method compared to the standard one, based on
the data from our own clinical studies, and its imple-
mentation in clinical practice.

MATERIAL AND METHODS

We studied 20 patients with | and Il degrees of hip joint
arthrosis. Of the patients, 18 were women, and 2 were
men. Their ages were from 42 to 72. 10 patients under-
went freatment with transplantation of autologous mes-
enchymal stem cells according to our protocol (the study
group), and 10 patients underwent the same procedure
using the standard method (the control group).

To monitor the degree of injury to the cartilage-liga-
ment-bone tissues of the joint and the regeneration-resto-
ration process, we used ultrasound, X-ray, densitometry
(DEXA), computed tomography (CT), and magnetic reso-
nance imaging (MRI) as needed.

During physical examinations, we evaluated joint
shape, the condition of covering tissues, joint mobility,
muscular power, and the support capacity of extremities
by visual examination, using a dynamometer and a pro-
tractor. We assessed joint pain intensity using the Lequesne
algofunctional scale [11] and qualitatively evaluated the
treated joint using the Harris scale [7].

From laboratory tests, we studied complete blood
count with a leukocyte formula, CRP, rheumatoid factor,
uric acid content/level, calcium (total and ionized), alka-
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line phosphatase in the blood, seromucoid (alpha-1-acid
glycoprotein), and synovial fluid.

Patients in both groups were examined before trans-
plantation and after 3 and é months from transplantation.

Based on clinical, laboratory, and instrumental exam-
inations, we compared innovative and standard stem cell
transplantation methods for the treatment of arthrosis.

The treatment protocol in the study group consisted of
3 steps:

Before transplantation
| Stage

a) Resolution of the acute inflammatory process in the
musculoskeletal system of the macroorganism (patient) (if
present), and the transfer of the chronic inflammatory pro-
cess info recession.

b) Pain relief (or pain control) in the target joint(s) (if
present).

[l Stage

Preparation of the stromal-vascular fraction of mes-
enchymal stem cells from autologous adipose tissue and
transplantation into the target joint. Stimulation of stem cell
generation in the body and an increase in their absolute
number.

After transplantation
[l Stage

Management of the regeneration-restoration process
of damaged tissue(s) after transplantation, and provision
of therapeutic and prophylactic services to the patient to
prevent infectious diseases or provide timely treatment if
necessary.

Photo 1.
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Photo 2.

TRANSPLANTATION TECHNIQUE

Transplantation place - surgical room.

Materials and tools required for transplantation: A
toolkit from the South Korean firm "Adinizer" (Photo 1).
Centrifuge SMART FUGE (Turkey).

We will mark the incision and liposuction sites on the
front surface of the abdomen with a marker.

After aseptic processing of the surgical field and infil-
tration anesthesia of the adipose tissue (Sol. Lidocaine 1%,
120 ml + Sol. Adrenalinum 0.1%, 0.5 ml), we made two
small cuts, each measuring 0.5 cm. Through the wounds,
we insert a 20 cm-long titanium cannula fitted with a Lu-
er-Lock syringe into the fatty tissue. (Photo 2) We perform
liposuction by periodically moving the cannula back and
forth and by constant aspiration (Photo 2). We inject the
stem cell mass obtained by processing the fatty material
(photo 3) into the target joint (Photo 4). We will place ice
cubes in the liposuction area.

Technological assurance for the preparation of the
stromal-vascular fraction containing mesenchymal stem
cells from autologous adipose tissue.

Adipose fissue was harvested from the patient using
the method described by Sydney R. Coleman [31]. The
stromal-vascular fraction was prepared from adipose tis-
sue using Arthrex technology [34] and a set of instruments
from the South Korean company Adinizer. The processed
adipose tissue was separated using the Turkish-manufac-
tured centrifuge SMART FUGE.

COMPARATIVE CHARACTERIZATION OF STANDARD
AND INNOVATIVE METHODS OF TREATING ARTHRO-
SIS WITH STEM CELL TRANSPLANTATION

Joint mobility

As shown in Table 1, more than half of the patients in
the study group had decreased flexion before transplan-
tation. After 3 months, and especially after 6 months, joint
mobility was notably improved; 7 patients flexed from
91°to 110°, and 3 patients flexed from 111° to 140°.

Photo 3. Photo 4.

In the control group, the number of patients with flex-
ion disability (5 patients) prevailed even 6 months after
transplantation. 3 patients were able to extend the lower
extremity at the hip from 91° to 110°, whereas only 2
extended it from 111° to 140°.

Before transplantation, only 5 patients in the study
group could perform abduction from 16° to 30°, and only
1 could do so from 31° to 60°. After 6 months from trans-
plantation, 6 and 4 patients were able to do it. Abduction
was difficult for patients in the control group; only 2 pa-
tients were able to abduct the hip joint from 31° to 60°.

In the study group, 4 patients achieved adduction from
0° to 15° before transplantation, and 6 achieved ad-
duction from 16° to 60°. After 6 months, all 10 patients
achieved adduction from 16° to 60°! As for the control
group, only 7 patients were able to do it.

In the study group, 7 patients performed external rota-
tion from 0° to 30°, and only 3 performed it from 31° to
60° before transplantation. After 6 months of transplan-
tation, 6 patients had already achieved external rotation
from 31° to 60°, whereas only 3 patients in the control
group had achieved the same.

Efficiency of pain cessation

Although 10 patients in the study group received an-
ti-inflammatory, antispasmodic, and analgesic therapy
before transplantation, only 4 patients did not experience
night pain. In comparison, 5 and 1 patients experienced
pain during movement and in a static position, respectively
(Table 2).

After 6 months from transplantation, all patients of the
study group completely recovered from night pain and dis-
comfort.

Among the control group patients, only 1 patient did
not experience night pain before transplantation from 10
patients! 6 and 3 patients complained about pain during
movement or in a static position, respectively, after 6
months from transplantation, 3 patients had night pain, 3
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Table 1. Assessment of movement in the hip joint in the study and control groups

Study group N10

Control group N10

. | oo
=
- £ Patient’s quantity with Patient’s quantity with separate
= E 9 separate form of movement in joint form of movement in joint
£ E® £ £ £ £
o > T c o ¢ o ¢ c O c S c
3 o c el -] + 9 K] -] = 8
£ Es 0B £% £7% 0B £7% £%
- G '3 S 5 5 G5 S5 G5 55
o2 oy Ea Ea oy Ea Ea
5 2 E 2t o2 ? of of
< E g = g = = g = 9 =
= 3 £ £ =3
0-45 4 0 0 6 1 0
45-90 5 2 0 3 6 5
Flexion
91-110 1 6 7 1 2 3
111-140 0 2 3 0 1 1
0-15 4 0 0 6 3 2
Abduction 16-30 5 8 6 3 6 6
31-60 1 2 4 1 1 2
0-15 4 2 0 7 6 3
Adduction
16-60 6 8 10 3 4 7
External 0-30 7 6 4 8 8 7
rofation 31-60 3 4 6 2 2 3

Table 2. Pain assessment in the study and control groups according to the Lequesne scale

Patients’s quantity according
to separate parameter

Study group N10

Control group N10
Patients’s quantity according
to separate parameter

= = = =

Parameters Importance s L5 L5 s L5 L5

ol e btz E

S5 5§ 65 S5 5§ 65

25 23 3 23 23 23

§ 558 58 § 55 58

= o £ g = = S £ g =

=< < < <
No 0 4 8 10 0 1 5 1
Night pain and discomfort While moving orin a 1 5 2 0 1 6 4 6
certain position
At the time of immobility 2 1 0 0 2 1 3
) ) No 0 6 8 10 0 4 5 7
Duration of morning
stiffness or pain after <15 1 4 2 0 1 3 3
gefting up =15 2 0 0 0 2 6 2 0
Pain increases after 30 No 0 3 10 10 0 2 4 9
minutes of standing Yes 1 7 0 0 1 8 3 1
No 0 0 9 10 0 0 4 8
Pain at the time of walking While pa.ssing a certain 1 3 1 0 1 4 4 2
distance

At the time of starting walk 2 0 0 2 2 0
At the time of sitting No 0 2 7 10 0 4 8
After 2 hours Yes 1 8 3 0 1 6 4 2

patients had pain at the time of movement, and all of them
were recovered from pain in a static condition.

In the study group, 4 patients experienced morning
stiffness syndrome characteristic of arthrosis; however,
they mentioned that stiffness and discomfort lasted less
than 15 minutes.

Morning stiffness was relieved in all patients after 6
months of transplantation.

72

In the control group, only 4 patients did not experience
morning stiffness. 6 patients complained of pain upon wak-
ing. After 6 months of transplantation, morning stiffness re-
solved in 7 patients, and 3 patients still had mild pain upon
waking.

In the study group, unlike the control group, pain on
sitting, standing, and walking was significantly reduced
before stem cell transplantation and was completely re-
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Table 3. Assessment of the patients’ condition in the study and control groups after 6
months from stem cells transplantation according to Harris scale

Is not marked 10 7
Insignificant 3
Small at the time of activation
Pain
Strong at the time of activation
Permanent
Can't walk
Complete 10 8
Insignificant restriction 2
Moderate restriction
Movement in joint
Important restriction
Strong restriction
Contracture
Is not marked 10 10
Small
Lameness Moderate
Strong
Can't walk
Cane at long distance 10 7
Cane always 3
Assistive devices
Two canes
Crutches
Unrestricted 10 7
Upto 1 km 3
Distance of walking  Up to 200 m
Only at home
Can't walk
For 1 hour on any chair 10 7
On low chair 0,5 2 3

Can't

Putting on socks and
shoes

For 1 hour on any chair 10 7
Sitting On low chair 0,5 2 3
Can't
Can 10 10
Getting into transport
Can't
Without railing 10 8
With railing
Going up the stairs
Somehow
Can't
Is not marked 10 10

Deformation
Is marked

Table 4. Qualitative assessment of results of treatment according to Harris scale

(After 6 months)
Assessment Point Study group N10  Control group N10

Poor <70 0

Average 70-79 0 2
Good 80-90 2 5
Very good >90 8 3
Good 80-90 2 5
Very good >90 8 3

lieved after 6 months. During the same period, the degree
of recovery in patients in the control group was noticeably
lower than that of patients in the study group (see Table 2).

Types of patients’ complaints and physical activities.

To assess the effectiveness of the innovative protocol,
we compared the study and control groups, as well as the
patients, on key criteria, including the type of complaint
and physical activities.

As shown in Table 3, after 6 months of stem cell frans-
plantation, walking distance and self-care ability are lim-
ited in the control group. Patients have difficulty climbing
stairs, putting on socks, and putting on shoes. It should be
noted that there is no difference between the groups in
terms of lameness and joint deformity.

In the study group, in contrast to the control group, pain
was relieved in all patients, and full joint movement was
restored, indicating a significant advantage of the innova-
tive treatment method over the standard one.

Qualitative assessment of the results of treatment accord-
ing to the Harris scale (After 6 months).

As it can be seen from Table 4, after 6 months from
transplantation in the control group, average result (70-
79 points) was observed in 2 patients, good result (80-90
points) in 5 patients, very good result (more than 90 points)
in only 3 patients, while in the study group, poor and aver-
age result was not observed in any patient. A good result
was observed in 2 patients and a very good result in 8,
demonstrating the clear advantage of the innovative treat-
ment protocol we provide for arthrosis compared to the
standard approach.

Discussion about the obtained results

Years of practical experience have shown us that
treating arthrosis with medication, injection therapy, phys-
iotherapy, and other routine methods is ineffective and
often ends in surgery.

Modern medicine and bioengineering have shown
that effective regeneration and restoration of the joint's
degenerated hard and soft tissues are possible with mes-
enchymal stem cell transplantation. However, the standard
transplantation we performed did not yield the desired
result. Given that the treatment of arthrosis with stem cell
transplantation is a fundamentally correct and physiolog-
ically most justified approach, we did not doubt the meth-
od itself, but rather its management. We aimed to identify
shortcomings of standard stem cell transplantation through
clinical studies and to develop a modified stem cell trans-
plantation method for treating arthrosis.

The conducted studies revealed several medical and
organizational shortcomings of the standard method of
transplantation of the stromal-vascular fraction (SVF) con-
taining mesenchymal stem cells of arthrosis.

Because stromal-vascular fraction (SVF) transplanta-
tion is often performed in one session, sufficient attention
is not paid to the coexistence of infectious (viral, bacterial,
fungal), non-infectious (contact with toxins, allergic reac-
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tions, metabolic disorders), or mixed genesis inflammato-
ry process in the target joint, along with arthrosis, which
requires complete treatment before stem cell transplanta-
tion. Against the background of the inflammatory process,
the rate of stem cell transformation into collagen cells, and,
accordingly, tissue regeneration and joint restoration, is
reduced.

Another disadvantage of the standard method of treat-
ing arthrosis with stromal-vascular fraction (SVF) is the
neglect of periodic oxygenation of periarticular tissues
after transplantation, early initiation of premature reha-
bilitation, and preventive measures for infectious diseases
for the patient. The regenerative process stops against the
background of prolonged febrile diseases with chills.

Our modified method of treating arthrosis with stro-
mal-vascular fraction (SVF) transplantation significantly
accelerated tissue regeneration, the restoration process,
and the degree of recovery. namely: prior to transplan-
tation, the inflammatory process in the target joints of
patients in the study group had resolved, pain had been
alleviated, and there was a marked reduction in soft-tissue
edema. After 2 months of transplantation, the supportive
capacity of the extremity began to improve, and it was
corrected over 6 months; joint movement function was
restored, and the patient regained the ability to perform
physical activity. According to the Harris Scale, in 8 out of
10 cases, a very good result was obtained (>90 points)!

During the same observation period, the recovery pro-
cess with standard treatment was slow; patients had dif-
ficulty with self-care, e.g., putting on socks, walking short
and medium distances, and climbing and descending stairs,
and, in most cases, used assistive devices (e.g., a cane).
Good results were achieved in only 3 of 10 patients,
demonstrating the clear advantage of our innovative stem
cell transplantation method over the standard method for
treating arthrosis.

It is noteworthy that no clinically valuable test reflecting
the dynamics of the regenerative process has been found
in laboratory studies. Also, instrumental examinations such
as CT, MRI, ultrasound, and X-ray, especially during the
first six months after transplantation, cannot accurately re-
flect the true state of regeneration and restoration of the
damaged hard and soft tissues of the joint.

PRACTICAL RECOMMENDATIONS

1. Our innovative method of treating arthrosis with stem
cell transplantation is much more effective than the
standard one.

2. For successful treatment of arthrosis with transplanta-
tion of the stromal-vascular fraction (SVF) containing
mesenchymal stem cells, it is advisable to follow the
3-stage protocol provided by us, namely consistently:

Before transplantation,

a) Creating favorable conditions for stem cell prolifer-
ation and tissue regeneration in the target joint (reduc-
ing the inflammatory process, relieving pain).
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During transplantation,

a) Ensuring that a sufficient number of stem cells are
intfroduced into the target joint.

After transplantation,

a) Managing the process of regeneration-restoration
of the degenerated tissues of the target joint (oxygen-
ation of the joint, improvement of blood and lymph mi-
crocirculation in the hard and soft tissues of the joint.
b) Prevention of infectious diseases and, if necessary,
immediate referral of the patient to a medical institu-
tion of the appropriate profile.

c) Timely activation of early rehabilitation.

3. ltisrecommended that the patient be at rest for 1 week
after transplantation.

4. Treatment of arthrosis with stromal-vascular fraction
transplantation is recommended to be repeated 8-12
months after the first transplantation - especially in el-
derly patients (60-74).

5. Since X-ray and ultrasound examinations, CT, and MRI
(especially in the first six months after transplantation)
do not reflect the real picture of regeneration-resto-
ration, we can use the Lequesne and Harris algofunc-
tional index to assess the result of treatment.

6. Inorder to increase the validity of the innovative treat-
ment method we provide, we consider it appropriate
to expand further studies to preliminarily identify stem
cells to be injected into the target joint and determine
the optimal number of stem cells in the transplantation
material. In addition, to fully reflect the process of
tissue regeneration and restoration, it is necessary to
create optimal laboratory and instrumental research
methods.

7. The study was conducted in a small group of patients,
and the treatment outcomes were observed over a
short period. Therefore, we also consider it advisable
to broadly evaluate the presented treatment method
and its conclusions in interested clinics, with the exten-
sive involvement of specialists in the relevant fields.

CONCLUSION:

Treating arthrosis by transplanting adipose tissue stro-
mal-vascular fraction is fundamentally correct and phys-
iologically justified. Standard transplantation with a stro-
mal-vascular fraction is relatively easy to implement, but
the modified, complex treatment we present is much more
effective.

The effectiveness of the treatment depends on a) ac-
celerating the regeneration of damaged tissues by elimi-
nating the inflammatory process in the target joint before
transplantation; b) managing the regeneration-restoration
process in the joint after transplantation, by timely initia-
tion of early rehabilitation with magnetotherapy for oxy-
genation of hard and soft tissues. Practice has shown that
providing prophylactic services in the post-transplantation
period is essential to protect treated patients from infec-
tious diseases. (The regenerative process stops against the
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background of infectious diseases with fever and chills,
and renewal becomes impossiblel).

No clinically valuable test reflecting the dynamics of
the regenerative process has been identified in the labo-
ratory. We can assess the arrangement of articular car-
tilage, tendons, and bone tissues using CT and magnetic
resonance imaging. The clinical course of the disease ob-
jectively reflects the patient's recovery.

Given the growing evidence supporting the modified
method of treating osteoarthritis with transplantation of
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SONMMdob Mm3ghoiome 33nMmbommds mabsdgrmmgg dgoanbol s dombadgobm 0bgobghool MomMgbew sg@memumo
353mf39390 8 MMM ©sFygdamo Mgagbatsommo mgfednom, 3gMdme, sb0sbgdnm LbabbatBo mgthmgsbo MrMgogdal
&M6L3MbGSE00Mss gbadmgdgmo [20,29,34].

3mobognto 33emggol 8oBsbo ngm LG BIME MmO GMBLAmMBbEE0L LaEYdmO s MsthymBoma Fggagdal asmgsmabfobgdoo
3H0OMdoL  bLEGMINm-gsbzNmNMo BMsdsnom (SVF) 3a@mbammdal dImmoxaie®mgdamo, 3mddmadbamo ©s JmobognMse
9893060 Igomol Fggdbe.

3sboems s 3gmmegdo: BgbFogmomo agm 20 353096@0b (18 domma, 2 383530, dbago - 42-72 Famo) Fgbxk-dotrdaygab babberab | s |
batrabbol strotrmdab 3Ebsenmdal Fggagda. 10 3530968 (Lagmb@Mmmmm xansn) sa@mmmaonto 3badmgsbo Jumgoral SVF-
00 I39MbommdS Bom@omos bGsbosmEmmo, 10-b (Laggmaze kanBo) - 3o ImwoBaEEMId MmO Igomooo.

LabbEob Jbmgomgdal Esd0sbgdal batholbol s B9agbgMais-Mgb@egtaiool 3Mmigbol 8mbo@mEnbaobmgol gsdmygbgdammo
04m 0bLbEOM3gbEMMO 5 MEBdMEMIGMMONMO 33mg3900. I3NMbormmdol 9839d@NM™ds Fgnsbos mg3z3gbbal smmamenbdsonto
0bgdboo [11] o 3560Lob Bmmoxoiatgdamo bzsemoom (Harris HS) [7].
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Lo@MObL3mobGsEom SVF - 10-12 3em-b [39].

b@Emmem-gslzmemaGo gGogpoob dnddswgdob s bs8odbg bsbbst 8o BHsb6b3rmsbBsioob GmGmzmeno.
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35083993539ds b3gEnarmnmo G9dbmmmannm ©s 3gdgbdadnmo mgmmgsbo BxMgrgdom dwnwstn SVF (10-12 3m-ob mogbmdom)
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