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COMPARISON OF TREATMENT WITH STEM CELLS OF
WHARTON'S JELLY AND THE CLASSICAL COMBINED METHOD
IN OSTEOARTHRITIS OF THE KNEE JOINT

Abstract. Osteoarthritis is one of the most common causes of chronic pain
and disability in people worldwide. The trend towards an increase in middle age
among the population in most European countries leads to an increase in the number
of people who are faced with this disease. Thus, the aim of our study was to compare
the results of the treatment with the stem cells of Warton's cartilage and the classical
combined method in people with osteoarthritis of the knee joint. In order to achieve
the set goal, 30 people with primary diagnoses of osteoarthritis of the knee joint II-
III stage were treated. with damage to one or both joints. Patients of the main group
were injected with multipotent stem cells of Wharton's jelly obtained by the explant
method. Patients of the control group received classical treatment, which included
the injection of hyaluronic acid and physiotherapeutic procedures. MRI studies were
performed on the patients and the clinical results of the treatment were evaluated
according to the Knee Injury and Osteoarthritis Outcome Score (KOOS) scale.
Statistical analysis of the obtained data was carried out in the license package
"Statistica 6.0". A comparison of the obtained results regarding clinical symptoms
and MRI data when using Wharton's jelly stem cells and the classical combined
method in people with osteoarthritis of the knee joint during a year of observation
showed that both at 3, 6 and 12 months in patients who received intra-articular stem
cells from the source of which there were Wharton's jelly, significantly different
(p=0.05-0.00002) values were observed regarding indicators of pain, symptoms,
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function and daily activities, sports and active recreation, as well as quality of life
compared to the control group that received classical treatment. In addition, patients
who received intra-articular stem cells, the source of which was Wharton's jelly, had
significantly different (p=0.021) values regarding the cartilage surface index of the
medial femoral condyle and greater values of cartilage thickness in all observation
periods except 7 months. All these data suggest that the use of mesenchymal stem
cells, the source of which 1s Wharton's jelly, has significant advantages compared to
the classical approach to the treatment of osteoarthritis.

Keywords: osteoarthritis, knee joint, mesenchymal stem cells, Wharton's
jelly, physiotherapy treatment.
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HHOPIBHAHHS JIIKYBAHHS 3A TOIIOMOI' OIO CTOBBYPOBHUX
KJIIITHUH BAPTOHOBHX JIPAI'JVIIB TA KNIACHYHOI'O
KOMBIHOBAHOI'O METOAY IIP OCTEOAPTPO3I KOJITHHOI'O
CYIJIOBA

Anortamisi. OcTeoapTpo3 € OJHIEI0 3 HAWOUIBIIT MOMIHPEHHX MPUYHH
XPOHIYHOT'O OO0 Ta 1HBAIIIHOCTI CepeJl MIoJei 1Mo BChOMY CBITY. TeHIEHITS 10
3pOCTaHHS CEPEHBOTO BIKY cepe/l HAaceleHHs B OUIBIIOCTI KpaiHax €Bpomn
MPU3BOAUTE J0 30UTBIIEHHS YHCIIA JTI0JIeH, K1 CTUKAIOTHCS 3 IIUM 3aXBOPIOBAHHSM.
Takum YHHOM METOI0 HAINIOTO JIOCHI/PKEHHS CTalo MOPIBHATH pe3yJbTaTH
MPOBE/ICHOTO JIKYBaHHS 3a JJOIOMOTOI CTOBOYPOBHX KIIITHH BapTOHOBHX JIPariiB
Ta KJIACHYHOTO KOMOIHOBAHOT'O METOTY Y 0C10 3 0CTE0apTPO30M KOJIIHHOTO CyTI00a.
JI71s1 TOCATHEHHSI TTOCTaBICHOI METH MPOBE/IeHO JiKyBaHHA 30 ocid 3 mepBUHHUMHI
JIIaTHO3aMH OCTe0apTpo3y KomiHHoro cyrioda II-I1I ct. 3 ypaxeHnnsM ado ogHOTO,
abo 000x cyrmo0OiB. IlamieETaM OCHOBHOI TPyIH BBOJIUIN MYJIBTHIIOTEHTHI
CTOBOYpPOBI KJIIITHHH BapTOHOBHUX JIPAriliB MyIKOBHX KAHATHKIB, OTPIMaH1 METOJOM
eKCILTaHTIB. []arieHTH KOHTPOIBHOI IPYIH OTPUMYBANIN KJIACHYHE JIIKYBaHHS, IO
BKJIIOYAJIO BBEJCHHS T1aIypOHOBOI KHCIOTH Ta (i310TepameBTHUHI MPOIECIYPH.
[Tamienram mpoBogmwn MPT nmocmipkeHHS Ta OIIHIOBANN KIIHIYHI pe3yIbTaTH
mikyBaHHS 3a mkaimor Knee Injury and Osteoarthritis Outcome Score (KOOS).
CratucTHYHHUI aHaTi3 OTPUMAHUX JAaHUX NPOBOJHIN B INIEH3IITHOMY HaKeTi
"Statistica 6.0". ITopiBHSHHSI OTpHMaHHUX PE3YIbTATIB MO0 KIIHIYHUX CHMIITOMIB
ta qanux MPT npu 3actocyBaHHI CTOBOYpOBHX KJIITHH BapTOHOBHX JpariiB Ta
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KJIACHYHOTO KOMOIHOBAHOTO METOIY Yy 0Ci0 3 0CTeoapTpo30M KOJIHHOTO CYyTiioda
MIPOTATOM POKY CIIOCTEPEKEHHS ITOKa3aB, Mo 5K Ha 3, 6 Tak 1 12 MicsIIl y TaIlI€HTIB,
[0 OTPUMYBAJIH BHYTPINTHEOCYTJIOO00BO CTOBOYPOBI KIIITHHH JHKEPETIOM SKHX OyIIH
BapTOHOBI JIparii CIIoCcTepiraancs JocToBipHO BiaMiHHI (p=0,05-0,00002) 3HaueHAS
1010 TTOKA3HMUKIB 0011, CHMIITOMIB, (DYHKIIII Ta IMTOBCAKJACHHOI JISIIBHOCTI, CIIOPTY
Ta aKTHBHOTO BiJIMIOYHHKY a TAKOX SKOCTI JXHTTS MOPIBHIHO 3 TPYIIOI0 KOHTPOIIIO,
M0 OTPHUMYBAIH KJIAacH4He JiKyBaHHA. OKpIM TOTO MAIli€HTH, IO OTPHUMYBAIH
BHYTPINIHLOCYTJIOO0BO CTOBOYpPOBI KIITHHH, JPKEPEIIOM SKHX OyIH BapTOHOBI
aparii Madh JocToBipHO BiAMiHHI (p=0,021) 3HaAYEHHS CTOCOBHO IIOKa3HHKA
MOBEPXHI XpAIla MeIaTbHOTO0 BHPOCTKA CTETHA Ta OLIBIII 3HAUYEHHS TOBIIHHH
XpsIa B ycl MEepIoJIH CIIOCTEPEKCHHS OKpIM 7 MICAIIB. Ycl Il JJaHl CBi9aTh Ha
KOPHCTH TOTO, 1110 3aCTOCYBAaHHS MEe3e€HXIMAThbHIX CTOBOYPOBHX KIIITHH, HKEPEIOM
SIKHX € BapTOHOBI Jparilli Ma€ 3HA4YHI IIEpeBard MOPIBHIHO 3 KIIACHYHHUM IIIX0IOM
70 JTIKYBaHHS OCTE0apTPO3y.

KarouoBi caoBa: ocTeoapTpo3, KOJIHHHII Cyriio0, Me3eHXIMalbHI
CTOBOYpOBI KJIITHHH, BapToHOBI Jiparii, ¢i3ioTepaneBTHIHE JIKYBaHHS.

Statement of the problem. Osteoarthritis i1s the most common degenerative
joint disease that affects one or more joints. Osteoarthritis can affect both small joints
and large joints of the human body. For a long time, this pathology was not
distinguished as a separate nosology, but considered as rheumatoid arthritis. Risk
factors for the development of osteoarthritis include various endogenous and
exogenous factors [1]. The pathogenesis of the development of this disease is
complex and includes a part caused by the physical condition of the cartilage itself,
its mechanical properties, the condition of the surrounding tissues, and inflammatory
mediators released by the cartilage, bone, and synovial membrane [2].

According to approximate estimates, about 240 million people in the world
have a symptomatic course of osteoarthritis. In Spain, survey data of people over 20 years
of age showed that 29% of people have osteoarthritis of one or more locations [3].
As of 2019, osteoarthritis is considered a major global disease burden. This pathology
makes up 7.1% of the burden of diseases of the human musculoskeletal system,
which 1s much more than the indicators of 2007 and 1990. In addition, osteoarthritis
of the knee joint is associated with an increased risk of premature death [4].

The prevalence of osteoarthritis increases significantly with age, which is
associated with cartilage degeneration and a significant increase in the levels of
reactive oxygen species, which leads to oxidative stress, disrupts specific cellular
signaling pathways, resulting in impaired ability to maintain the extracellular matrix
of cartilage and ultimately cell death [ 5].

The economic burden caused by osteoarthritis is steadily increasing every year
and in the future (due to the aging of the population) may pose a serious problem for
health care. Calculations by Canadian scientists showed that from 2010 to 2031, the
total direct costs of this pathology will increase from 2.9 billion US dollars to
7.6 billion US dollars [6]. Knee arthroplasty alone increases direct lifetime costs by
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an average of $20,635 [7]. Thus, medicine is interested in finding new promising
methods of treating osteoarthritis.

Connection of the publication with planned scientific research works. The
article is a fragment of a research topic of the Department of Traumatology and
Orthopedics of the National Pirogov Memorial Medical University, Vinnytsya
"Improvement of methods of diagnosis, treatment and rehabilitation of patients with
injuries and diseases of the musculoskeletal system" state registration number
0123U102765.

The purpose of the article — to compare the results of the treatment using
Wharton's jelly stem cells and the classical combined method in people with
osteoarthritis of the knee joint.

Research objects and methods. The results of the treatment of 30 patients
who were treated at the VCCH EMA and the Vinprofimed clinic from 2018 to 2022
were analyzed. By gender, the patients were divided as follows: men — 12 (41.2%),
women — 18 (58.8%). The study group included patients with primary diagnoses of
[I-III stage osteoarthritis of the knee joint. with damage to one or both joints. The
clinical results of treatment were evaluated by the Knee Injury and Osteoarthritis
Outcome Score (KOOS) at 3, 6 and 12 months after treatment.

Patients in the main group were injected intra-articularly with multipotent
stem cells (MSCs) of Wharton's jelly umbilical cords obtained by the explant
method.

For this purpose, umbilical cords were obtained during normal childbirth of
clinically healthy women with a physiological course of pregnancy, at a gestation
period of 39-40 weeks, with the voluntary consent of the mothers. A section of the
umbilical cord with a length of 5-10 cm was washed with PBS, the vessels were
mechanically removed. Wharton's jelly was mechanically crushed, the fragments
were placed in a 75 cm? culture flask with aMEM nutrient medium with reduced
glucose content, as well as with the addition of benzylpenicillin (2 units/ml),
streptomycin (2 pg/ml) and 10% fetal calf serum. The first cells that migrated from
the explant were observed at the bottom of the vial after 5-7 days. After 14 days, the
number of cells was sufficient for reseeding. To obtain the following passages, the
cells were subcultured after reaching a confluency of 70-80% using a solution of
versene (0.02%) and trypsin (0.05%) in a ratio of 1:1. MSCs at the second passage
were used for the experiment. To prepare the cells for injection, the culture was
detached from the substrate using a solution of versene (0.02%) and trypsin (0.1%),
after which the trypsin in the suspension was inactivated by adding an equal volume
of the growth medium. The obtained suspension was processed in a centrifuge
(1000 rpm). MSCs remaining in the pellet were resuspended in PBS and counted in
a Goryaev chamber.

In all variants of experiments, MSCs were injected intra-articularly into
patients at the rate of 25,000 cells per 25 pl of physiological solution, with a total
volume of 2 ml per injection.
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Two patients in the sixth month did not respond to the questionnaire, 1 year
after the introduction of MSCs, the results of the questionnaires were received from
14 people.

Hyaluronic acid in a dosage of 60 mg (3 ml) was used to treat patients from
the control group. Among the physiotherapeutic methods of treatment, 7-day cycles
of shock wave therapy, iontophoresis, and laser therapy were used. Three patients
did not respond to the questionnaire at the sixth month, 1 year after the injection of
hyaluronic acid, the results of the questionnaires were obtained from 17 people.

We chose the thickness of the cartilage of the medial femoral condyle as the
main indicator for evaluating the effect of mesenchymal stem cells, namely its
change during the observation cycle in the main and control subgroups. MRI
examination was performed before the start of treatment and within 3 to 6 months
after the primary injections in the main and control groups of the study.

Statistical processing of the obtained data was carried out in the license
package "Statistica 6.0". The Mann-Whitney U-test was used for a full integrated
assessment of the clinical consequences of treatment according to the KOOS scale
of two independent samples.

Committee on Bioethics of National Pirogov Memorial Medical University,
Vinnytsya found that the studies do not contradict the basic bioethical standards of
the Declaration of Helsinki, the Council of Europe Convention on Human Rights
and Biomedicine (1977), the relevant WHO regulations and laws of Ukraine.

Presentation of the main material.

Research results and their discussion. In general, 3 months after the start of
treatment, 65.625% of excellent and good results are observed in the control group
and 83.340% in the main group; after 6 months — 58.620% in the control group,
78.570% in the main group; after 12 months — 41.180% and 92.860%, respectively
(table 1). In both treatment groups, there were no unsatisfactory treatment outcomes.

Table 1.
General evaluation of the results in the control and main groups.

Observation period, months
3 6 12
> | § & g
P g g £ g 2 £ &
5 8 g |2 | B 8 g |2
A 3 g A § g
) -
abs 2 19 11 1 16 12
Control - -
% 6.250 59.375 34375 3.450 55,170 41,380
abs 8 17 5 7 15 6
Main -
% 26,670 56.670 16,670 25,000 53,570 21,430
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Table 2 shows the results of the comparison of treatment of patients of the
main and control groups in the time periods of 3, 6 and 12 months.

Table 2.
Evaluation of the dynamics of the KOOS scale in patients of the main
and control groups.

Indicator Quanpty Quantity Term, months | U Z p
(main) | (control)
30 32 3 269.5 | 2,96 0,003
Pain 28 29 6 207,5 | 3,16 0,002
14 17 12 35,51 3,29 0,001
30 32 3 234,5| 3,45 | 0,0006
Symptoms 28 29 6 140.,5 | 4,23 | 0,00002
14 17 12 22,0 | 3,83 | 0,0001
30 32 3 286,5 | 2,72 0,007
Function and 28 29 6 150.5 | 4,07 | 0,00005
daily activities
14 17 12 35,0 3,31 0,0009
30 32 3 216,0 | 3,71 | 0,0002
Sports and active
P . 28 29 6 262,5 | 2,28 0,022
recreation
14 17 12 51,51 2,66 0,008
30 32 3 340,5| 1,96 0,05
Quality of life 28 29 6 142.5 | 4,20 | 0,00003
14 17 12 45,51 2,90 0,004

As can be seen from the obtained data, there is a statistically significant
difference between the two study groups at 3, 6, and 12 months on five separate
KOOS scales. This proves the high clinical effectiveness of the method of using
mesenchymal stem cells in the treatment of initial and moderate manifestations of
osteoarthritis of the knee joints, as well as the pronounced stabilization of the process
during 1 year of observation.
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The obtained values of changes in cartilage thickness among patients of the
main and control groups during the observation period are shown in Figure 1.
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Fig. 1. Comparison of cartilage thickness values in the main and control
groups. The red line is the control group. The blue line is the main group.

The presented data were also tested using the Mann-Whitney U-test and a
statistically significant difference was determined in the change in the thickness of
the cartilage covering of the medial femoral condyle of the patients according to the
MRI data (Z=3.06; p=0.002). These data primarily indicate the influence of
mesenchymal stem cells on the morphological structure of cartilage tissue, the
restoration of cellular potential with the active construction of the cartilage matrix.

Evaluation of quality indicators according to tomogram data was carried out
using Fisher's exact test. The main criteria were the cartilaginous surface of the
medial femoral condyle, the presence of subchondral bone changes in the form of
cysts and edema, joint swelling with effusion, and the presence of significant
osteophytes (>4 mm). All data with statistical evaluation are shown in Table 3.
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Table 3.
Tomographic analysis of the joints of the main and control subgroups.
Main Control Statistical
Sign group group significance, p
(n=12) (n=9)
The surface of the The surface is
cartilage of the intact (intact 12 5
medial femoral shiny plate)
condyle The surface is 0,021
damaged
(fibrillation, 0 4
cracks)
Intact 4 0
(l::)h?lng?isr 111ghe Disturbed 0.1
subchondral bone (edema, cyst 8 9
formation)
Swelling, effusion Absent 7 3 0.39
in the joint Present 5 6 ,
Formation of Absent 3 2 0.64
osteophytes Present 7 7 ,

The only parameter with a statistically significant difference (p=0.021) was
the cartilage regenerate surface, which was obviously better in the main study group.
Changes in the subchondral bone, as well as the formation of osteophytes, have a
non-specific manifestation, and therefore do not regress during the study within six
months. The inflammatory reaction of the joint in the form of edema and exudative
reaction, in general, according to MRI data, is observed in both experimental groups
(p=0.39). Although the edema in all cases is insignificant, there is no correlation,
comparing with previous clinical data (dynamics of symptoms). In the future, this
will require a special targeted evaluation with a larger number of raw tomogram data.

Thus, there is a statistically proven effect of intra-articular injections of
Wharton's jelly mesenchymal stem cells in the treatment of gonarthrosis in
comparison with the classical combined method of treatment involving hyaluronic
acid and physiotherapeutic measures. The clinical evaluation of the proposed
method is confirmed by the data of dynamic tomograms with a statistically
significant increase in the thickness of the cartilage tissue of the medial femoral
condyle and restoration of the cartilage surface. In comparison with standard
methods, there is a progressive improvement in the well-being of respondents during
1 year of observation.
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The most common questionnaires for assessing the quality of life in
osteoarthritis, in addition to the one mentioned in our study, are the World Health
Organization Quality of Life Group (WHOQOL-100), WHOQOL-Bref, Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC), Arthritis
Impact Measurements Scale (AIMS), and OA Knee and Hip QoL (OAKHQOL) [8].
When assessing the quality of life of elderly people suffering from this pathology,
physical activity, the risk of falls, psychosocial consequences, sarcopenia, sexual
health, urinary incontinence should also be taken into account [9].

A meta-analysis of 18 studies on the use of mesenchymal stem cells from bone
marrow and adipose tissue (a total of 1069 knees) showed an improvement in the
visual analog scale from 18.37 to 30.98 and 36.91, the mean WOMAC score from
25.66 to 25.23 and 15 .60 and KOOS from 41.07 to 8.47 and 18.94 at 6 and 12
months, respectively, after cell therapy [10]. Similar results were obtained in another
meta-analysis, where a statistically significant improvement of the visual analog
scale and a decrease in WOMAC indicators were found in the 12-month and
6-month follow-up, respectively (P < 0.001 in both cases) [11].

Intra-articular injection of adipose-derived stem cells showed significant
improvement in knee joint function over a 2-year follow-up period, as confirmed by
WOMAC, VAS, and KOOS scores. Confirmation was also obtained by analyzing
MRI images of the knee joint [12]. The same conclusion was obtained by performing
a meta-analysis, where in 9 out of 11 studies, MRI evidence of joint cartilage
restoration was found [13].

It is important to take into account the MOAKS and MOCART indicators
during the MRI study of cartilage restoration. The results of clinical studies using
stem cells show a significant improvement in the MRI picture compared to the
control groups in the studies (P <0.001 for both MOAKS and MOCART) [14]. MRI
indicators Tlrho, T2, T2star, R2star and ADC are also significantly different in the
studied groups, which confirms the effectiveness of cell therapy [15].

Experimental studies on animals indicate a significant improvement in the
results of the use of cell therapy when it is applied locally, namely intra-articularly
[16].

Among the sources of stem cells that can be used for the treatment of
osteoarthritis, significant interest of researchers is currently focused on the prospects
of using Wharton's jelly. Currently, such studies are found both in the form of
individual cases from practice [17] and in the form of controlled clinical studies [18].
However, preliminary data already show significant success in the use of cells of
this origin in the treatment of osteoarthritis, which is consistent with our data.

Conclusions. A comparison of clinical symptoms and MRI data of Wharton's
jelly stem cells and the classical combined method in subjects with osteoarthritis of
the knee during one year of follow-up showed that:

» during the whole year of observation (3, 6 and 12 months) in patients who
received intra-articular stem cells, the source of which was Wharton's jelly,
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significantly different (p=0.05-0.00002) values were observed regarding indicators
of pain, symptoms, function and everyday life activity, sports and active recreation,
as well as quality of life compared to the control group that received classical
treatment;

* during the entire year of observation (3, 6 and 12 months) in patients who
received intra-articular stem cells, the source of which was Wharton's jelly,
significantly different (p=0.021) values were observed in relation to the indicator of
the cartilage surface of the medial femoral condyle and greater values of cartilage
thickness in all periods observation other than 7 months.

Identified differences in the results of treatment indicate the advantage of
treatment with the use of Wharton's jelly stem cells during one year of observation.
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