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Key Messages
•	 Due to regenerative medicine development, 

the new, effective methods of degenerative 
diseases treatment of the musculoskeletal sys-
tem appear.

•	 Nowadays there are many studies that involve 
the use of regenerative cells from adipose tis-
sue in orthopedics.

•	 Many forms of cell products from adipose tis-
sue and various methods and treatment proto-
cols are available in different studies.

•	 But there is a lack of information about com-
parison of their effectiveness.

•	 In our study, we compare outcomes of two 
clinical researches that cover the treatment of 
patients with knee osteoarthritis using SVF 
and Nanofat.

•	 The comparison includes the following data, 
collected during 24  weeks: scales (VAS, 
KOOS, KSS, SF-36), physical examination, 
ultrasound, and MRI.

•	 The received materials show the high level of 
effectiveness of both methods.

•	 The mechanism of the regenerative effect to 
the knee differs in SVF and Nanofat, and 
therefore the effectiveness of both methods 
appears at different times.

•	 The duration of the therapeutic effect depends 
on the quantitative composition of the cell 
product and method for its obtaining.
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•	 The mechanism of the regenerative effect is 
polymorphic due to the heterogeneous com-
position of the final product.

•	 The article contains a theoretical explanation 
of the regeneration mechanisms and the thera-
peutic effects of each of the cell product.

•	 Depending on the tasks, the degree of joint 
damage, and technical equipment, the ortho-
pedist chooses one or another type of cell 
product.

117.1	 �Introduction

Osteoarthrosis (OA) is a chronic joint disease. 
Over 250 million people suffer from OA world-
wide. The high incidence of OA has a significant 
impact on the socioeconomic well-being of the 
population and affects the functioning of the 
healthcare system [1, 2]. According to the World 
Health Organization, OA of the knee and hip joints 
is the 11th leading cause of disability [3]. Vos et al. 
report that OA of the knee joint accounts for 83% 
of the total incidence of OA of large joints [2].

As OA progresses, all components of the joint 
are involved in the pathological process, which 
leads to an imbalance in the functioning of the 
musculoskeletal system and results in an impair-
ment of limb function [4]. Due to its multifacto-
rial nature, the pathogenesis and course of the 
disease can vary significantly.

Currently, there are no treatment methods 
leading to a complete restoration of the structure 
and function of the knee joint. The goal of conser-
vative treatment of OA is to reduce pain by com-
bining pharmacological and non-pharmacological 
methods [5]. Slight improvement can be achieved 
by reducing weight and increasing physical activ-
ity [6]. In severe cases to restore the joint function 
surgical treatment becomes necessary. In order to 
reduce the number of invasive interventions, the 
orthopedic community pays more and more atten-
tion to disease prevention, early diagnosis, and the 
development of individualized patient-oriented 
treatment methods.

One of such areas is the development of tissue 
regeneration strategies using cell products and 

stem cells [7]. Recent studies in the field of 
regenerative medicine have shown that the use of 
multipotent mesenchymal stromal cells (MMSCs) 
has pronounced therapeutic and regenerative 
effects in the treatment of various degenerative-
dystrophic diseases [8]. Many works have shown 
the high efficacy and safety of MMSCs in the 
treatment of OA, post-traumatic injuries of artic-
ular cartilage, and other diseases of the musculo-
skeletal system [9]. In our opinion, adipose tissue 
is a universal source of not only MMSCs but also 
other cells involved in regenerative processes. 
The population of all nucleated cells that can be 
isolated from adipose tissue by fermentation pro-
cess is called the stromal vascular fraction (SVF). 
SVF has anti-inflammatory, immunomodulating, 
and antiseptic effects. MMSCs of adipose tissue, 
as well as MMSCs of bone marrow tissue, are 
capable of differentiation into other types of cells 
of mesodermal origin (cartilage, tendons, and 
ligaments) [10]. SVF refers to the so-called mini-
mally manipulated cell products that do not 
require cultivation. Thus, SVF is a safer and more 
effective material compared to MMSCs due to 
the absence of risk factors associated with long-
term cell culturing (contamination, genetic trans-
formation, and spontaneous differentiation) [11]. 
Also, due to the synergistic effect of various cell 
types that make up SVF, the therapeutic effect on 
the treatment of degenerative-dystrophic diseases 
develops earlier and is more pronounced [12].

Besides applying adipose tissue regenerative 
cells in the form of SVF, there is also an opportu-
nity to use NanoFat which is the product of adipose 
tissue mechanical grinding followed by filtration 
without fermentation processing. The product con-
tains MMSCs of adipose tissue, collagen fibers, 
damaged adipocytes, and free triglycerides that 
have high lubrication properties, which is of great 
importance in the treatment of patients with limited 
movement in the joints due to degenerative inflam-
matory changes in the joint tissues. The use of 
emulsified fat significantly simplifies the process of 
obtaining the final product and reduces the cost of 
the procedure on the one hand, but this reduces the 
concentration of regenerative cells and the degree 
of regenerative effect on the other hand.

I. A. Smyshlyaev et al.
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117.2	 �Materials and Methods

This chapter includes comparison of two clinical 
studies held in accordance with common proto-
cols, the same inclusion criteria, efficacy evalua-
tions, and follow-up observation periods.

The first study was the treatment of gonarthro-
sis with SVF.  The work was carried out as an 
independent phase IIb multicenter open-label 
non-comparative clinical study, under protocol 
No. RU-LYO-OA2-11-17.

From 2015 till 2018, 48 patients were treated at 
the department where the investigation was con-
ducted in accordance with the study protocol. The 
average age of the patients was 56 (37–68) years. 
The radiological classification of Kellgren and 
Lawrence was used for OA staging. Thirteen 
patients with grade 1 OA, 25 patients with grade 2 
OA, and 10 patients with grade 3 OA were enrolled 
in the study. Patients with grade 4 OA were not 
included in the study. The average BMI was 29.5 
(21.1–37.2), patients with a BMI of 40 or more 
were not enrolled in the study (Table 117.1).

The second study was the treatment of gonar-
throsis with Nonfat. Seventy patients with OA of 
the knee joint (16 with grade 1 OA, 40 patients 
with grade 2 OA, and 14 patients with grade 3 
OA) were enrolled in the study. The average age 
of the patients was 46 (34–62), the average BMI 
was 29 (Table 117.1).

Both studies comply with the biomedical eth-
ics committee’s ethical standards developed in 
accordance with the Declaration of Helsinki and 
the Good Clinical Practice guidelines (GOST R 
52379-2005). Documentation was approved by 
the Independent Interdisciplinary Committee for 
the Ethical Expert Evaluation of Clinical Studies.

Before starting treatment, each patient was 
checked for compliance with the inclusion and 
noninclusion criteria, after which an informed 
consent was signed.

Inclusion Criteria
	1.	 Men/women aged 20–85 years.
	2.	 Patients with pain in the knee joint for more 

than half a day with an intensity of ≥40 mm 
on a visual analog scale (VAS).

	3.	 The patient has at least three of the following 
criteria:

	 (a)	 age > 20 years;
	 (b)	 stiffness in the knee joint <30 min;
	 (c)	 patient complaints of cracks, crunching in 

the joint during movement felt by the 
patient himself/herself;

	 (d)	 bone tenderness on palpation;
	 (e)	 increase in joint volume;
	 (f)	 absence of hyperthermia over the joint.
	4.	 Patients are able to walk without assistance.
	5.	 The patient has read the information sheet and 

signed the informed consent form.

Contraindications
	1.	 Septic arthritis, inflammatory joint diseases, 

gout, severe chondrocalcinosis (pseudopo-
dagra), Paget’s disease, ochronosis, acromeg-
aly, hematochromatosis, Wilson’s disease, 
primary osteochondromatosis, osteonecrosis, 
hemophilia;

	2.	 Systemic disease history.
	3.	 Indications for the start of immunosuppres-

sive therapy.
	4.	 А history of Venous thromboembolism 

(including pulmonary embolism) or a high 
risk of venous thromboembolism.

	5.	 Significant weight loss (>10% of body weight 
in the previous year) of unknown etiology.

	6.	 Chronic diseases of internal organs in sub-
compensated or decompensated forms.

	7.	 Clinically significant deviations in the results 
of laboratory tests.

	8.	 Patients with malignant tumors, including 
postoperative period on the background of 
chemo and/or radiation therapy.
Patients were followed up for 6  months. 

According to the study protocol, each patient 
completed seven visits, where visit No. 1 was 
screening and enrollment of the patient in the 
study, visit No. 1 was manipulation (adipose tis-
sue sampling, isolation, and certification of SVF 
or NanoFat, intra-articular administration of the 
cell product). Visit 2 was at week 1, visit 3 at 
week 4, visit 4 at week 5, visit 6 at week 12, and 
visit 5 at week 24 after the administration of the 
cell product into the knee joint.

117  Osteoarthritis of the Knee: Comparison Between Intra-articular Injection of Adipose-Derived…
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Table 117.1  Characteristics of the two study populations

SVF NanoFAT
No. of 
patient

48 70

Age 56 (33–68) 57 (36–75)
Gender
M
F

25
33

28
42

BMI 29.5 (21.1–37.2) 29.0 (21.6–38.0)
Grade OA (Kellgren and Lawrence)
I
II
III

13
25
10

16
40
14

Donor site Abdomen Abdomen
Lipoaspirate 
volume

150 (110–150) mL 20 mL

Total number 
of cells

230 × 106 (89 × 106–410 × 106) 1.8 × 106 (1.1 × 106–3.2 × 106)

Total number 
of nucleated 
cells

56.3 × 106 (9 × 106–75 × 106) N\A

Viability 95% (91–98%) 53% (45–65%)
Combined 
treatments

Exercise therapy, short course of NSAIDs in case of synovitis (5–7 days)

Previous 
treatment

NSAIDs, physiotherapy, exercise therapy, intra-articular administration of hyaluronic acid or 
corticosteroids more than 1 year ago

Non-serious 
adverse 
reactions

2 (4.1%) patients have mild hyperemia and 
tenderness of soft tissues in the area of ​​the 
knee joint puncture.
3 (6.2%) patients with grade 3 OA, the 
occurrence of collateral ligament tendonitis in 
the area of ​​their contact with marginal 
osteophytes was noted at visits 2 and 3

60 (85.7%)—synovitis of the knee joint was 
observed at visit 1, which disappeared within 
3–7 days.

Serious 
adverse 
events

None None

Physical 
examination

– � Decrease in swelling of the surrounding soft tissues
– � Restoration of normal anatomical outlines of the knee joint
– � Increase in the circumference of the thigh at the level of the lower third
– � The absence of hyperthermia in the knee joint area
– � Reduction of pain on palpation of the patella and condyles of the femur and tibia
–  Increase range of movements
– � Disappearance of enthesopathies of collateral ligaments and pain in the Hamstring muscle 

tendons
MRI – � Decrease in the amount of free intra-

articular fluid
– � Reduction or disappearance of foci of bone 

tissue swelling in the  condyles of the 
femur and tibia

– � The area of ​​the chondral defects did not 
change

– � Chondral defect was covered with tissue 
similar to cartilaginous one as judged by 
the quality of an MR signal

– � Signs of changes in the subchondral bone 
in the area of the defect regressed

– � Increase of the thickness of cartilaginous 
tissue on the loaded surface of the condyles

– � Decrease in the amount of free intra-articular 
fluid

I. A. Smyshlyaev et al.
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Adipose tissue was taken by standard syringe 
tumescent liposuction. The volume of adipose 
tissue was 110–150 mL.

117.2.1  �Obtaining SVF

In a laminar box, adipose tissue was transferred 
from syringes into a sterile disposable container 
and washed three times with Hartman’s solu-
tion (Hemofarm, Serbia). For fermentation pro-
cess, a 0.15% type 2 collagenase solution 
(Sigma, USA) was added to the container in an 
amount equal to the amount of washed adipose 
tissue. The container was closed with a lid and 
incubated in a shaker for 30  min at 
37 °C. Subsequently, the resulting cell suspen-
sion was filtered through a sieve with a pore 
diameter of 100 μm, transferred to sterile tubes, 
and washed three times to get rid of collagenase 
with Hartman’s solution, followed by centrifu-
gation for 7 min at 300 × g. Then the cell sedi-
ment was dissolved in 5  mL of Hartman’s 
solution and 0.5 mL was taken for the sample 
certification. The remaining 4.5 mL of the cell 
suspension was transferred into a sterile 
syringe, which was labeled and placed in a ster-
ile secondary packaging.

To obtain the Nanofat product, adipose tis-
sue was taken in the same way in a volume of 
20 mL. In the operation room, the syringe with 
the collected product was connected to a 
syringe of the same volume through a specially 
designed connector. By moving the product 60 
times from one syringe to another, large fatty 
grafts were mechanically ground to an emul-
sion state. The resulting emulsion was cleaned 
of large components through a sterile filter 
with a pore size of 15  μm (Fig.  117.1). The 
final Nanofat product is an emulsion with par-
ticle sizes of less than 0.2 mm (adipose tissue 
fragments and cell elements) that passes 
through a needle with a minimum diameter of 
0.25 mm.

The injection of SVF or NanoFAT into the 
knee joint is performed through a standard lateral 
suprapatellar access. Puncture of the knee joint is 
performed in a clean dressing room, in aseptic 
conditions (Fig. 117.2).

117.2.2  �Certification of Samples

117.2.2.1	 �SVF
Certification of samples was carried out in accor-
dance with the developed Standard Operating 
Procedure and included a mandatory description 
of the total number of cells, viability, and sub-
population composition. Cells were counted 
according to standard methods using a hemocy-
tometer and trypan blue staining to determine 
viability. To determine the subpopulation compo-
sition of the obtained cell products, the cell sus-
pension was stained with fluorochrome-labeled 
antibodies to surface markers (CD3, 4, 14, 31, 34, 
45, 90, 105, 146, all by Becton Dickinson, USA) 
in accordance with the manufacturer’s instruc-
tions. Then, immunophenotyping of the samples 
was carried out in a BD FACS CantoII flow 
cytometer (Becton Dickinson, USA).

117.2.2.2	 �Nanofat
For Nanofat, subpopulations were not counted due 
to the composition of the final product (a large 
number of stroma and low percentage of cells). 
The concentration of the total number of cells was 
counted on a NucleoCounter-200 device.

117.2.3  �Statistical Analysis

Statistical analysis of the results was performed 
in program R 3.2.4 (R foundation).

Given the small number of observations, an 
analysis of the distribution of the studied attribute 
values was not carried out.

Evaluation of the treatment efficacy was car-
ried out by comparing the numerical values of the 
treatment efficacy criteria at visits 2.6 compared 
with the values recorded at visit 1 (two-sided 
Wilcoxon test was used for dependent groups).

To describe ordinal attributes, the median was 
used as an indicator of the central tendency, and 25 
and 75 percentile as a measure of the attribute vari-
ability (interquartile range, if the sample did not 
contain a value corresponding to 25, 50, or 75 per-
centile, for the median value, the upper and lower 
quartiles were taken as the average of the two near-
est values. For binary attributes, relative frequen-
cies and their 95% confidence intervals are given.

117  Osteoarthritis of the Knee: Comparison Between Intra-articular Injection of Adipose-Derived…
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117.2.4  �Efficacy Assessment

To assess the efficacy, at each visit, a physical 
examination of the patient was carried out, with 
the results of the examination recorded in the 
CRF; to objectively assess the condition of the 
knee joint, patients filled out the following ques-
tionnaires: VAS, KOOS, KSS, SF-36, and 
patients had an ultrasound of the knee joint per-
formed. Also, at the beginning and end of the 
study, all patients underwent MRI and X-ray of 
the knee joint.

117.3	 �Results

None of the patients in the SVF group had any 
serious adverse events or adverse reactions, their 
relative frequency was 0.0%, 95% confidence 
interval [0.0%; 0.119%]. Two patients (4.1%) 
noted the occurrence of nonserious adverse reac-

tions in the form of mild hyperemia and tender-
ness of soft tissues in the area of ​​the knee joint 
puncture. These adverse events disappeared 
without treatment within 5–7  days and had 
appeared most likely due to the action of residual 
collagenase concentrations in the final cell prod-
uct. Also, in 3 (6.2%) patients with grade 3 OA, 
the occurrence of collateral ligament tendonitis 
in the area of ​​their contact with marginal osteo-
phytes was noted at visits 2 and 3. This event 
appeared due to the increased physical activity of 
patients due to a general improvement in the con-
dition of the knee joint, and as a result, overload 
of the collateral ligaments. This adverse event 
disappeared without treatment within 1–2 weeks 
by decreasing activity. In 60 (85.7%) patients in 
the NanoFat group, synovitis of the knee joint 
was observed at visit 1, which disappeared within 
3–7 days.

The average number of cells in the SVF was 
230 × 106 (89 × 106–410 × 106). The total num-
ber of nucleated cells was 56.3  ×  106 
(9 × 106–75 × 106).

In NanoFat, one milliliter of the final product 
contained 1–3 million cells with a viability of 
45–65%. The volume of the product adminis-
tered was 10.0 mL and the total number of cells 
was 20 × 106.

117.3.1  �Data of Rating Scales

There was a statistically significant (p < 0.05) dif-
ference in VAS scores in group 1 and 2 patients. In 
patients with OA 1-on 6 visits, OA 2-on 4 visits, 
OA 3-on 2, 3, and 5 visits (Fig. 117.3, Table 117.2).

Fig. 117.1  Device for grinding large fat grafts

Fig. 117.2  Injection of NanoFAT into the knee joint

I. A. Smyshlyaev et al.
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Assessment of the function of the knee joint 
on the KOOS scale revealed an improvement 
after intra-articular administration of SVF and 
NanoFat. There was a statistically significant 
(p  <  0.05) difference scores in group 1 and 2 
patients. In patients with OA 1-on 4 visits, OA 
2-on 2 visits. In patient with OA 3, there was not 
a statistically significant difference (Fig.  117.4, 
Table 117.2).

Assessment of the function of the knee joint 
on the KSS scale (overall assessment) revealed 
an improvement after intra-articular administra-
tion of SVF and NanoFat. There was a statisti-
cally significant (p  <  0.05) difference scores in 
group 1 and 2 patients. In patients with OA 1-on 
5 visits, OA 2-on 4 and 6 visits, OA 3-on 2 and 5 
visits (Fig. 117.5, Table 117.2).

When assessing the quality of life using the 
SF-36 questionnaire, an improvement in the 
physical health component after intra-articular 
administration of SVF and NanoFat. There was a 
statistically significant (p  <  0.05) difference 
scores in group 1 and 2 patients. In patients with 
OA 1-on 2 visits, OA 2-on 2 visits, OA 3-on 4, 5, 
and 6 visits (Fig. 117.6, Table 117.2).

117.3.2  �Physical Examination

The comparison of the results of examination 
and palpation of the knee joints of patients at 
the screening and final visits showed a decrease 
in swelling of the surrounding soft tissues, res-
toration of normal anatomical outlines of the 
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Fig. 117.3  Dynamics of indicators of pain intensity by 
VAS. Marker-median, “box”—upper and lower quartiles, 
“whiskers”—minimum and maximum; *—differences in 
comparison with the values recorded at the screening 

(visit-1) are significant, p < 0.05 (Wilcoxon criterion for 
dependent groups). Green column—NanoFAT, red 
column—SVF
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knee joint, and an increase in the circumference 
of the thigh at the level of the lower third; on 
palpation, there was a decrease in the amount of 
excess intra-articular fluid, the absence of 
hyperthermia in the knee joint area, a reduction 

of pain on palpation of the patella and condyles 
of the femur and tibia, as well as of the lateral 
and medial articular cavities, an increased 
range of movements, the disappearance of 
enthesopathies of collateral ligaments and pain 

Table 117.2  Data from the evaluation scales of the two study populations in patients with OA 1, OA 2, and OA 3 on 
1 and 6 visits

VAS KSS KOOS SF-36
Visit 1 Visit 6 Visit 1 Visit 6 Visit 1 Visit 6 Visit 1 Visit 6

SVF OA 1 5 0 58 82 68 88 43 52
OA 2 6 1 67 90 51 60 42 44
OA 3 7 2 50 81 51 77 32 45

NanoFAT OA 1 3.5 1 71 82 68 87 43 54
OA 2 5 2 67 78 55 75 40 53
OA 3 5 3.5 75 83 47 68 34 54
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Fig. 117.4  Dynamics of indicators of knee function by 
KOOS.  Marker-median, “box”—upper and lower quar-
tiles, “whiskers”—minimum and maximum; *—differ-

ences in comparison with the values recorded at the 
screening (visit-1) are significant, p  <  0.05 (Wilcoxon 
criterion for dependent groups). Green column—
NanoFAT, red column—SVF

I. A. Smyshlyaev et al.



1691

in the Hamstring muscle tendons (Figs.  117.7 
and 117.8). However, these results were more 
pronounced and detected earlier in patients who 
received treatment with SVF than in patients 
treated with NanoFat, and the improvements 
were kept up until the end of the observation 
period, while in patients of group 2, some of the 
symptoms returned by the sixth month after the 
start of the study. It is worth noting however 
that in most patients of group 2, the range of 
movements in the knee joint increased immedi-
ately after the administration of NanoFat into 
the knee joint.

117.3.3  �Instrumental Diagnostic 
Methods

The comparison of MRI data obtained at visit 6 
versus screening showed a decrease in the 
amount of free intra-articular fluid in most 
patients of group 1. There was a reduction or dis-
appearance of foci of bone tissue swelling in the 
condyles of the femur and tibia. The area of ​​the 
chondral defects did not change, but the signs of 
changes in the subchondral bone in the area of 
the defect regressed, and the chondral defect was 
covered with tissue similar to cartilaginous one 
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as judged by the quality of an MR signal. The 
thickness of cartilaginous tissue on the loaded 
surface of the condyles of the femur and tibia 
was also noted (Figs. 117.9 and 117.10). As for 
patients of group 2, such pronounced changes in 
MRI were not observed and only the amount of 
excess intra-articular fluid decreased.

117.4	 �Discussion of the Results

Currently, clinicians have a wide range of proven 
methods for treating OA of the knee joint such as 
intra-articular injections of hyaluronic acid and 
glucocorticoids. However, the long-term results 
of the application of these methods can hardly be 
considered satisfactory enough, which necessi-

tates the development of new treatment 
methods.

Presently, in the available literature, there is a 
large number of clinical studies on the use of 
various cell products for the treatment of 
OA.  These products include SVF, NanoFat, 
MicroFat, ADSC, BMC, PRP, and others. 
However, different researchers apply different 
methods for obtaining cell material, and also 
have different criteria for evaluating the efficacy 
of treatment methods, so it is not possible to ana-
lyze the results of the studies properly.

The results of this clinical study confirm the 
safety of intra-articular administration of adipose 
tissue products in the treatment of OA, as evi-
denced by the absence of serious adverse events 
and reactions among all patients included in the 
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Fig. 117.6  SF-36 Physical health. The differences compared with the values recorded at screening are significant, 
p < 0.05 (Wilcoxon test for dependent groups). Green column—NanoFAT, red column—SVF
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protocol. However, the frequency of nonserious 
adverse events in the SVF group (10.6%) is sig-
nificantly lower than in the NanoFat group 
(85.7%). Adverse events in the SVF group occur 
largely due to both pathological changes in the 
knee joint in the presence of OA and increased 
patient activity after SVF treatment, but not due 
to the influence of the cell product itself, whereas 
patients of group 2 are diagnosed with synovitis 
directly due to the pro-inflammatory effect of the 
cell product on the knee joint at the early stages.

The efficacy of intra-articular injection of both 
cell products is confirmed by the positive dynam-
ics of all the parameters evaluated—physical 
examination data, rating scales, and instrumental 
investigation data. However, the degree of 
parameter change has different dynamics in each 
group.

So, the physical examination and assessment of 
local status showed that the regression of OA 
symptoms occurred faster (starting from visit 1) in 
the SVF group and positive dynamics was main-
tained throughout the observation period. The 
NanoFat group also showed pronounced positive 
dynamics starting from visit 1 however by visit 6 
some patients had some OA symptoms back. On 
the other hand, patients of group 2 showed a pro-
nounced increase in the range of movements in the 
knee joint immediately after the administration of 
NanoFat. This was caused by the lubricating effect 
of the action due to a decrease in the coefficient of 
friction between the articular surfaces. Because of 
this, the pain syndrome decreases, the range of 
movements in the joint increases, which leads to 
additional neurotrophic stimulation of the soft tis-
sues of the affected joint.

Fig. 117.7  Patient with OA 2, visit-1. Knee 
joint with signs of synovitis and 
inflammation before SVF injection. 
Arrow—the location of the puncture
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The analysis of the questionnaire data also 
shows a positive dynamics in patients of both 
groups suffering from OA of all grades through-
out the observation period. However, the degrees 
of their severity vary at different visits. When 
assessing the intensity of pain using the VAS, a 
statistically significant difference was found in 
patients with OA 1 at visits 6, OA 2 at visits 6, 
and OA 3 at visits 2, 3, and 5.

When assessing the function of the knee joint 
using the KSS and KOOS scales, general patterns 
are observed in patients of both groups with dif-
ferent grades of OA. When analyzing the data on 

the KOOS scale, a statistically significant differ-
ence was found in patients with OA 1 at visits 4, 
OA 2 at visits 2, but in patient with OA 3 there 
was not a statistically significant difference. 
When analyzing the function of the knee joint 
using the KSS scale (overall score), a statistically 
significant difference was found in patients with 
OA 1 at visits 5, OA 2 at visits 4 and 6, and OA 3 
at visits 2 and 5.

When assessing the quality of life using the 
SF-36 scale, there was no difference in the men-
tal health component in patients of both groups; 
however, when assessing the physical health 

Fig. 117.8  Patient with OA 2, visit 6. The 
comparison of the results of examination and 
palpation of the knee joints of patients at the 
screening and final visits showed a decrease 
in swelling of the surrounding soft tissues, 
restoration of normal anatomical outlines of 
the knee joint. Arrow—the location of the 
puncture

I. A. Smyshlyaev et al.



1695

component, a statistically significant difference 
was found in patients with OA 1 at visits 2, OA 2 
at visits 2, and OA 3 at visits 3, 4, and 6.

The most striking differences in patients of 
both groups are noted in the analysis of MRI 
data. After intra-articular administration of SVF, 

a decrease in proliferative-inflammatory events is 
noted, the replacement of chondral defects by tis-
sue that coincides in density and structure with 
hyaline cartilage, as well as an increase in the 
thickness of the cartilage along the edges of the 
defect, restoration of the structure of the underly-

a

c

e f

d

b

Fig. 117.9  MRI data of a 74-year-old patient with grade 2 OA, at visits-1 and 5. (a, c, e, g, i)—visit-1; (b, d, f, h, 
g)—visit 6 (all in the text of a clinical example)
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ing subchondral bone, a decrease in the degree of 
subchondral sclerosis in the lesion and a restora-
tion of trophism of the condyles of the femur and 
tibia which were swollen before treatment are 
visualized. That is, morphological changes in the 
structural components of the knee joint are noted. 
Whereas in contrast, after intra-articular adminis-
tration of NanoFat, such changes are not observed 
and the MRI data at screening and at visit 6 are 
almost identical.

The therapeutic effects and instrumental inves-
tigation data described by the authors convinc-
ingly indicate activation of the cartilaginous tissue 
formation processes at the lesion location in 
patients of group 1. The formation of cartilaginous 
tissue can be associated with effects caused by 
intra-articular administration of SVF.  According 
to modern researches, most scientists consider 
MMSCs that are part of SVF the main acting 

agent. In the works of Zuk et al. in 2002, the pos-
sibility of MMSC involvement in skeletal tissue 
regeneration processes was shown [13].

However, there is no unequivocal opinion on the 
mechanism of therapeutic action and which cell 
population is considered to be the main one for 
implementing the effect [16]. At the same time, 
there is a number of theories of the therapeutic 
effect of MMSCs themselves. The clinical effect 
can be achieved due to the paracrine action of 
MMSCs—the development of a significant number 
of growth factors and cytokines [17], these proteins 
have an angiogenic, neurotropic, neuroprotective, 
anti-inflammatory effect, prevent scarring, activate 
tissue regeneration, stimulate tissue formation; it 
can also be achieved by direct grafting of MMSCs 
and their differentiation into various specialized 
types of cells, including chondrocytes [18] or by the 
simultaneous implementation of these mecha-

g

i j

h

Fig. 117.9  (Continued)
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a
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b

Fig. 117.10  MRI data of a 65-year-old patient with 
grade 3 OA. (a, c, e, g)—visit-1. (b, d, f, h)—visit 5. (b, 
d, f, h)—COR T1 increase in cartilage thickness on the 
loaded surfaces of the condyles of the femur and tibia. (d, 
f)—MRI SAG T2 complete repair of a defect in the carti-

laginous tissue and underlying bone tissue in the anterior 
lateral femoral condyle; (g, h)—COR PD  +  FS—an 
increase in the thickness of the articular cavity in the lat-
eral regions

nisms—secretion of cytokines by MMSCs, which 
stimulate, among other things, differentiation of 
resident cells and differentiation of MMSCs them-
selves into tissue-specific progenitor cells [19, 20].

It is known from the pathophysiology of 
degenerative changes in the articular cartilage 
that the main causes of its destruction are inflam-
mation and trophic disorders of the subchondral 
bone. The presence of leukocytes, tissue macro-
phages, endothelium, and other cells in the cell 
product under conditions of active secretion of 

growth factors by MMSCs contributes to the 
relief of inflammatory reactions, stimulation of 
neoangiogenesis in subchondral bone tissue, and 
reduction of sclerotic changes.

The regenerative effect of a cell product from 
adipose tissue is polymorphic. Therefore, the 
method of its implementation, the timing, and 
degree of impact on the knee joint depends on the 
composition of the cell product and the concen-
tration of regenerative cells. This causes a differ-
ence in the dynamics and degree of the therapeutic 
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effect, as well as the timing of the positive effects 
of the use of SVF and NanoFat.

Analyzing the results of treatment of OA with 
SVF and NanoFat, we can conclude that the posi-
tive clinical effect in the short-term observation 
period, evaluated using functional scales, is to a 
greater extent caused by the action of growth fac-
tors and cytokines secreted by MMSCs them-
selves and other regenerative cells contained in 
SVF and NanoFat. This is also confirmed by the 
similar dynamics in the development of a positive 
therapeutic effect. But in turn, the therapeutic 
effect in the medium-term observation period, as 
well as the presence of morpho-functional 
changes in the cartilaginous tissue and in other 
structures of the knee joint revealed by MRI is 
directly due to the effect of MMSCs. Moreover, 

the degree of the effect directly depends on the 
concentration of MMSCs in the cell product. 
Patients treated with SVF received a larger abso-
lute number of MMSCs (on average 56.3 × 106 
cells). They noted positive morphological and 
functional changes found during MRI of the knee 
joint.

A detailed study of the composition of SVF 
and NanoFat is necessary to understand the 
mechanisms of their therapeutic effect. Also, the 
individual characteristics of the cell product will 
allow us to identify the effect on the therapeutic 
potential of such parameters as the volume of 
lipoaspirate, the characteristics of adipose tissue 
from various anatomical locations, as well as the 
effect of gender, age, bad habits, and medical 
history data on the composition of the product.

e

g h

f

Fig. 117.10  (Continued)
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117.5	 �Conclusion

Adipose tissue of an adult is a rich source of 
regenerative cells that can be used to treat degen-
erative diseases of the musculoskeletal system. 
The results of the study prove the efficacy and 
safety of treating gonarthrosis with regenerative 
cells from adipose tissue. Many different forms 
of cell products from adipose tissue are available 
to a modern orthopedist. The mechanism of the 
regenerative effect is polymorphic due to the het-
erogeneous composition of the final product. The 
efficacy of intra-articular injection of cell prod-
ucts is confirmed by an improvement in the qual-
ity of life and a decrease in the severity of pain 
throughout the observation period of patients and 
an improvement in knee function. Therefore, 
depending on the tasks, the degree of joint dam-
age, and technical equipment, the orthopedist 
chooses one or another type of cell product. 
Given the low economic cost and the production 
of cell material in a disposable closed bedside 
system, the NanoFat can be considered a safe and 
effective method for treating OA of the knee. 
However, it is obvious that the larger the volume 
of material taken, and the higher the concentra-
tion of regenerative cells, the more pronounced 
and long-lasting the regenerative effect. 
Therefore, treatment of OA with SVF is the most 
effective technique, despite the relatively high 
cost of obtaining the final cell product.
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