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The aim of the study was to determine the effectiveness of autologous bone marrow aspirate concentrate
(BMAC) and platelet-rich plasma (PRP) intraosseous injection in the treatment of patients with knee OA
stages II-III.

Methods: The multicenter randomized study involved 40 patients (27 women, 13 men, average age 67.0+7.8 years, BMI
32.7+4.8, duration of disease 17.3%3.7 months) with knee OA of stages II-III according to the Kellgren-Lawrence (K-L)
classification. Patients of the main (BMAC group) group (n=19) underwent a single intraosseous injection of BMAC, in the
comparison group (n = 21) — a PRP injection (PRP group). The results were evaluated after 1, 3, 6, 12 months with the verbal
rating scale (VRS), VAS, Leken and WOMAC scales.

Results: Comparison of the results in the groups on the VRS showed that at an earlier time (3 and 6 months),
the preferences of patients were in favor of the treatment of BMAC (65% and 55% positive reviews) before PRP
(55% and 45% positive reviews), whereas after 12 months the differences were insignificant. Analysis of VAS
indicators in patients of both groups indicated a more pronounced decrease in the severity of pain syndrome
after BMAC intraosseous injection. The analysis of the Leken scale indicators showed in favor of BMAC
throughout the entire observation period, the differences were most pronounced in the first 3 months of observation. The
ratio of the values of the WOMAC index in both patients groups indicated statistically significant differences that persisted
in all periods of follow-up, the increase in indicators occurred to a lesser extent after the introduction of BMAC compared with
PRP.

Conclusions: A single intraosseous BMAC injection has an advantage over a similar PRP injection in terms of pain, knee
function and physical activity of patients at all follow-up periods. Both methods of treatment are equally safe.
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Pedepar

Ilenwvto viccnemoBaHMUS SIBISIOCH cpaBHeHMe 3(DGEKTUBHOCTY BBOIMMBIX BHYTPMUKOCTHO ayTOJIOTMYHBIX KOHIIEHTpATa
kocTHOTO Mo3ra (KKM) u o6oramieHHoi Tpom6bonutamu miasmbsl (OTII) mpu nedeHun nauueHToB ¢ OA KOJIEHHOIO CY-
crasa II-1II craguii. Mamepuan u memoosl. B MHOTOIIEHTPOBOM PaHIOMMU3UPOBAHHOM UCC/IeLOBAHUY MIPUHSIIN YIaCTHeE
40 manueHTOB (27 XXeHUMH, 13 My>KUMH, cpegHMIT Bo3pacT 67%7,8 net, MHAEKC Macchl Tena 32,7+4,8, mpomoIKUTeEb-
HOCTb 3ab6oneBanust 17,3£3,7 mec.) ¢ OA koneHHoro cycrasa II-1II craguit mo knaccubuxauuu Kellgren —Lawrence (K-L).
[TaumeHTam ocHOBHOJ rpynmnsl (rpynna KKM) (n = 19) BbINONHSIM OSHOKPAaTHYI0 BHYTPUKOCTHYIO MHBeKnio KKM,
B rpymnmne cpaBHeHus (rpymnmna OTII) (n = 21) — uabekuuio OTIIL. PesynbraThl oueHuBanu yepes 1, 3, 6, 12 mec. ¢ uc-
MOJTb30BaHMEM ILIKaJIbl BEPOAIbHON OIEHKM YIOBJIETBOPEHHOCTU nauyeHToB (IIBOY), BAII, mkan Jlekena 1 WOMAC.
Pe3synomamet. CpaBHeHMe pe3ynbTaToB B rpymmnax mno IIBOY mokasasno, uyTo B 6osee paHHue cpoku (3 u 6 mec.) mpep-
MMOYTEHMS MAIMEHTOB OKa3bIBAJIMUCh B MOJb3Yy jeueHuss KKM (65% u 55% monoxkuTenbHbIX 0T3bIBOB) mepen OTII (55%
" 45% TIONIOKUTENbHBIX OT3BIBOB), TOTHA KaK uepe3 12 Mec. pa3nnuusi 6bUIM HeCyIleCcTBEHHbBIMM. AHaIM3 1oKka3areneit
BAIII y manmeHTOB 06eux TPYII yKa3aa Ha 6osiee BpIpaskeHHOE CHISKEHME BBIPAKEHHOCTM 60JIeBOTO CMHIpPOMA IMOce
BHYTpUKOCTHOTO BBeneHuss KKM. AHanun3 rnokasaresient mkasbl JlekeHa CBUAETeIbCTBOBAI B 110/1b3y KKM Ha NpoTsbkeHun
BCero nepuoja HabMomeHus, pa3inuns ObUIM Hanbonee BbIpakeHHBIMU B IepBble 3 Mec. HabmoneHus. COOTHOIIeHNe
3HaueHuit nHgekca WOMAC B 06eux rpymnmax MnaiyMeHTOB CBUAETeNbCTBOBAIO O CTATUCTUYECKM 3HAUMMBIX Pa3InUuMSIX,
COXPaHSIOMIMXCS BO BCeX CPoKax HabMofeHMsI, yBelnueHe roKasaTesieil MpoucxXoquio B MeHblilelt cTelieH! Iocye BBe-
nenuss KKM no cpaBHenuio ¢ OTII. 3akntouenue. OnHOKpaTHOe BHYTpPUKOCTHOe BBemeHne KKM nmMeeT npeumyIecTBo
nepen aHanorMyHbIM BBegeHMeM OTII mo nokasaTensm 601m, GyHKLIMY KOJIEHHOTO CycTaBa U GuU3MIecKoit aKTMBHOCTHU
MalyeHToB Ha Bcex cpoKkax HabmwomeHus. 06a MeToa ieueHUs SIBSIIOTCSI B PaBHOI Mepe 6e30MacHbIMU.

KiroueBsie ciioBa: KOHL€EHTPAT KOCTHOIO MO3ra, 06OI‘aLU,EHHaH TpOM60LU/ITaMI/I I1a3Ma, OCTe0apTPUT KOJIEHHOI'O CyCTaBa.
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Background

The theory of the development of pathological
changes in the subchondral bone under the influence
of chronic traumatization of the epiphyseal parts of
the load-bearing joint remains relevant in modern
medicine. The process is exacerbated by impaired
intraosseous metabolism and is accompanied by the
occurrence of multiple microfractures, followed by
local cancellous bone and bone marrow ischemia and
limited permeability for biologically active substanc-
es and metabolites of the boundary zone between
the articular cartilage and the subchondral bone [1,
2, 3, 4]. Its pathological remodeling is accompanied
by characteristic magnetic resonance imaging (MRI)
symptoms, the so-called bone marrow zone edema,
which is areas of active bone metabolism with in-
creased cytokine and angiogenic factor expression,
peculiar predictors of rapid disease progression [4,
5, 6]. The natural development of these changes in
the subchondral bone leads to focal bone marrow re-
placement with fibrous tissue and cyst formation, as
well as loss of articular cartilage above the bone mar-
row zone edema [7, 8, 9].

The noted biological effects in experimental
studies on the use of autologous platelet-rich plas-
ma (PRP) and bone marrow aspirate concentrate
(BMAC) have proved very attractive for clinical pur-
poses. Neoangiogenesis stimulation, metabolism,
subchondral bone, and articular cartilage regenera-
tion, and anti-inflammatory and anti-apoptotic ef-
fects are related to the pathogenetic mechanisms of
osteoarthritis (OA) development [8, 10, 11].

The knowledge accumulated to date about PRP
efficiency for OA treatment is still far from exhaus-
tive. However, we can already determine more defi-
nitely certain positions, such as knee OA treatment
[8, 12, 13, 14]. Contrarily, the therapeutic potential
of bone marrow aspirates obtained from different
anatomical regions and concentrated by centrifu-
gation remains generally unclear, not to mention
the study in a comparative aspect.

This study aimed to compare the efficacy of intra-
osseously administered autologous BMAC and PRP
for patients with stage II-1II knee OA.

Methods
Study design

A multicenter randomized study conducted from 2016
to 2021 included 40 patients with knee OA, of whom
27 were females and 13 were males, with a mean age
of 67.0 = 7.8 years, body mass index of 32.7 + 4.8, and
disease duration of 17.3 # 3.7 months. Unilateral (n =
24) and bilateral (n = 16) knee joint lesions with pre-

dominant localization in the internal part regions
(varus-gonarthrosis) were established based on com-
plaints, anamnesis, and data from radiation examina-
tion methods (X-ray and MRI).

The inclusion criteria for the study were the
following:

— primary knee joint OA stages II-III according
to the Kellgren-Lawrence classification (K-L);

— the presence of overload bone marrow edema
in the internal condyle region of the femur and/or
tibia,

- pain syndrome of at least 6 points on the visu-
al analog scale (VAS) scale;

- insufficient efficiency of previous conservative
treatment.

Exclusion criteria were the following:

— patients younger than 45 years of age;

— patients with blood diseases, viral hepatitis B
and C, human immunodeficiency virus infection,
concomitant chronic internal organ diseases in the
decompensating stage, and oncological diseases;

- an inflammatory process in the knee joint;

— oral corticosteroids or immunosuppressive
drugs 6 weeks before the examination;

— arthroscopy earlier than 6 months before the
examination;

— use of PRP or hyaluronic acid preparation ear-

lier than 90 days before primary screening.

The inclusion criteria were met by patients of
both clinical groups, who were comparable in terms
of representation, main clinical and morphological
parameters, including disease duration and manifes-
tations, and differed only in the method of OA treat-
ment (Table 1).

Patients of the main group (BMAC group) (n = 19)
underwent a single intraosseous injection of BMAC in
the area of bone marrow edema, whereas PRP (PRP
group) was used in a similar procedure in the com-
parison group (n = 21). The zone of overload bone
marrow edema and its localization were preliminarily
determined according to MRI data and transposed to
fluoroscopic images obtained during manipulations.
Overload bone marrow edema was distinguished from
aseptic necrosis by a change in the signal from the
bone, which was characterized by low intensity on T1-
weighted images and high intensity on T2-weighted
images and short modes. Contrarily, the pathogno-
monic sign of aseptic necrosis was a line of low signal
intensity along the periphery of the infarction focus
with a bright inner line along the infarction surface on
T1- and T2-weighted images. Foci of aseptic necrosis
were predominantly located in the subchondral zone
of the posterior-inner condyle parts of the femur and
(or) tibia (Fig. 1, 2).
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Table 1

Characteristics of patients included in the study

Parameter BMAC group
Gender
Male 6
Female 13
Age, years 67.0+8.1
BMI 32.7%3.9
Unilateral/bilateral OA 12/7
Disease duration, months 17.0£2.5
Stage by Kellgren-Lawrence
11 8
111 11

PRP group
7
14
67.0£6.8
32.7+4.4
12/9
17.0+4.2

10
11

Fig. 1. MRI picture of the aseptic necrosis zone
of the femoral condyle intero-posterior compartment in
T1 mode: a — coronary section; b — sagittal section

Intervention technique

The preparation and administration of PRP were
performed in a dressing room. PRP was obtained
using a special YCELLBIO PRP container (Korea).
From the cubital vein of the patient, 13 ml of blood
was taken and was mixed in a container with 2 ml of
dextrose citrate solution. The container was placed
in a RotoFix 32 centrifuge (Hettich, Germany) with
an appropriate counterweight.

The initial centrifugation at 3200 rpm was per-
formed for 4 min. Then, using a swivel cap on the
container, the level of the hematocrit layer below
its neck was set (Fig. 3 a). From the repeated cen-
trifugation at a rate of 3400 rpm for 4 min, 3 ml of
PRP were obtained. The platelet layer was removed
from the container using a syringe (Fig. 3 b).

The platelet concentration in the resulting PRP
was calculated using an Erba Elite 3 hematological
analyzer (Czech Republic), and PRP was coded ac-
cording to the international consensus classifica-
tion of PRP adopted in 2020 [15].

Fig. 2. Zone of overload edema of the femoral
and tibial condyles in T1 mode: a — coronary section;
b — sagittal section

BMAC sampling and receipt were performed in
an operating or dressing room in compliance with
all aseptic and antiseptic measures. Therefore, the
patient was placed in a lying position on his back
along the inner surface of the proximal metaepi-
physis of the tibia, and local anesthesia of the skin
and underlying soft tissues was administered with
5.0 ml of a 2% lidocaine solution until the needle
contacted the bone surface. Then, an aspiration
trocar (11 G) was inserted with rotational move-
ments through the cortical plate of the tibia until
a dip sensation (by 30—-35 mm). After removing the
stylet, 30 ml of bone marrow was taken with a sy-
ringe. The trocar was rotated around its axis dur-
ing sampling and its depth was changed to increase
the concentration of cells in the aspirate. The bone
marrow thus obtained was mixed with 5 ml of hepa-
rin solution and placed in two containers.

The fraction with a high content of mesenchy-
mal cells was separated from other constituent
elements of the bone marrow by centrifugation at
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a velocity of 2400 rpm for 20 min. After removing
the containers from the centrifuge, the upper 1.5
ml layer of the bone marrow concentrate was taken
into the syringe using a sterile needle in the isth-
mus of each of the containers, as described in the
method for obtaining PRP (Fig. 3 b).

The count of mononuclear cells in BMAC was
determined by flow cytometry using antibodies to
the cluster of differentiation (CD)34, CD14, CD73,
CD105, and CD90 [4, 10, 11].

The BMAC or PRP was administered in the op-
erating room under fluoroscopic control in the area
of overload bone marrow edema of the condyle of
the tibia or femur using an injection needle (18 G).
The latter was inserted into the cancellous bone to
the required depth after local anesthesia of the skin
and soft tissues with 5.0 ml of 2% lidocaine solu-
tion in twisting movements or “wristwatch wind-
ing.” Before the administration of BMAC or PRP, 1.0
ml of the indicated anesthetic solution was slowly
injected into the bone (Fig. 4).

A total of 40 intraosseous injections of BMAC
and PRP were injected, wherein 23 into the internal
condyle of the femur and 17 into the internal con-
dyle of the tibia.

Fig. 3. PRP preparation:
a — level of the hematocrit layer after the first
centrifugation; b — platelet layer sampling

Fig. 4. Injection of BMAC
under fluoroscopic control
into overload edema of the
bone marrow of the internal
femoral condyle

After PRP or BMAC manipulations, cold appli-
cations for 2-3 days were recommended to all pa-
tients, as well as walking with a cane for 5-7 days
and analgesics for severe pain for 1-2 days.

Evaluation of results

The results were evaluated 1, 3, 6, and 12 months after
injection using VAS, Leken, and Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)
scales. Patients’ satisfaction with treatment outcomes
was assessed using a modernized verbal rating scale
(VRS), where the result was distributed from 0 to 3
points, thus 0 points indicated poor result (no im-
provement), 1 meant satisfactory (improved joint
movements, decreased pain, and persistent function-
al limitations that reduce the quality of life and physi-
cal activity), 2 indicated good result (no restrictions
in everyday life, but intense exercise and sports cause
pain or discomfort), and 3 for the excellent result (full
recovery and physical activity and sports are possible
without significant restrictions) [16]. Objective data
on the changes over time of the pathological process
in the knee joints of patients under the treatment in-
fluence were assessed based on MRI data at 3, 6, and
12 months after injection.

Fig. 5. Decrease in signal intensity and the size

of the bone marrow edema zone in the area

of the femoral and tibial condyles after injection
of BMAC: a — before injection; b — after 3 months
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Statistical analysis

Statistical processing of the study results was per-
formed using the methods of mathematical sta-
tistics. The obtained data were processed in Excel
2016, Office XP (Microsoft Corp., USA) software
using the capabilities of the computer application
Statistica 10.0 (Statsoft, USA).

The analysis of parameters with a normal distri-
bution of values was performed using the Student’s
t-test, assessing the degree of discrepancy between
the arithmetic means M1 and M2, relative to the
variance c,. The obtained value was compared with
the tabular value of the Student’s t-test at a signifi-
cance level of p = 0.05. Provided that the obtained
value of the Student’s t-test was greater than the

critical table value, the difference between the
compared values was recognized as statistically
significant.

The analysis of non-parametric quantitative
attributes was performed using the Friedman cri-
terion, which is based on the ranking of repeated
measurements for each sample object. The ob-
tained empirical value of the y? criterion was com-
pared according to the table for the selected level
of statistical significance (p = 0.05) with the criti-
cal value for a given number of compared samples.
When the corresponding value exceeded the critical
value (for the chosen level of significance and the
corresponding number of degrees of freedom), the
null hypothesis was rejected.

Table 2

Treatment outcomes in the BMAC group

Follow-up period

Scale

Statistical significance

el 1 mon. 3 mon. 6 mon. 12 mon.
treatment

VRS

excellent 4 0 0

good 11 11 10 6

satisfactory 4 7 8

poor 0 2 5
VAS 5.9%0.7 2.3%0.6 2.5%0.4 2.7+0.4 3.9+0.3 x*. = 36.04; p<0.01
Leken index 10.3+0.4 4.1+0.2 5.0%0.6 5.4%0.3 5.8%0.7 x*. = 37.18; p<0.01
WOMAC 59.3+0.8  21.5%0.4 25.8+0.3 33.4+0.7 40.6%0.3 x% = 76; p<0.01

Table 3
Treatment outcomes in the PRP group
Follow-up period
Scale Before Statistical significance
1 mon. 3mon. 6 mon. 12 mon.
treatment

VRS

excellent 1 1 0 0

good 13 11 8 5

satisfactory 6 8 11 10

poor 1 1 3 6
VAS 5.9%0.7 2.3%0.6 2.5%0.4 2.7+0.4 3.9%0.3 x% = 33.81; p<0.01
Leken index 10.3%0.4 4.1£0.2 5.00.6  5.4+0.3 5.8%0.7 x% =39.7; p<0.01
WOMAC 59.3%0.8  21.5%0.4 25.8+0.3 33.4*0.7 40.6%0.3 x% = 80.95; p<0.01
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Results

The median platelet concentration in PRP was
962+40=x109/L. and was within the recommend-
ed range for this orthobiological product [8, 13,
14]. The leukocyte count reached 9.7+1.4x109/1,
which considered the PRP used in our study
as plasma with a low count of these cells. The
plasma also contained traces of erythrocytes
(<1x106 pl), was not subjected to external acti-
vation and, did not comprise the added CaCl2.
According to the international consensus clas-
sification (2020), the resulting PRP was coded as
N3N4-NON2-NONO [8]. The determination of the
cellular bone marrow aspirate composition after
the sampling showed that the mononuclear cells
reached 17.4%9.6x106/ml. After centrifugation,
their concentration increased to 98.5+7.2x106/ml,
which was close to the obtained values in several
other studies [17, 18, 19].

All patients achieved the final and intermediate
points of the study with treatment result assess-
ments at 1, 3, 6, and 12 months after the intraos-
seous injection. Result evaluation in the groups of
BMAC and PRP in the control periods is presented
in Tables 2 and 3.

Data comparison in the VRS groups revealed
that in the early stages (3 and 6 months), patients’
preferences turned out to be in favor of BMAC treat-
ment (65% and 55% of positive reviews) versus PRP
(55% and 45% of positive reviews), whereas differ-
ences were insignificant after 12 months.

The VAS score analysis in patients of both groups
at all control follow-up periods revealed that, de-
spite the pronounced analgesic effect of the studied
treatment methods, the severity of pain syndrome
decreased to a greater extent after intraosseous
BMAC administration than after PRP. However,
after 12 months, differences were not statistically
significant.

Identification of the dynamics of the average val-
ues of the Leken scale with the initial level showed
a statistically significantly decreased OA severity
index after the use of both treatment methods. The
comparison between the studied groups of patients
testified in favor of BMAC throughout the entire
follow-up period, and differences were most pro-
nounced in the first 3 months of follow-up.

The ratio of the WOMAC index values in both
groups of patients with the initial level of this in-
dicator revealed statistically significant differenc-
es that persisted in all control periods of follow-
up. Despite the overall negative dynamics of the
WOMAC index in both groups of patients, especially

in later follow-up periods, the indicators increased
to a lesser extent after the BMAC administration
than after PRP.

The objective aspect of the reduced pain syn-
drome severity after the administration of BMAC or
PRP was the disappearance or significantly reduced
size and decreased signal intensity in the area of pre-
viously identified bone marrow edema according to
MRI (Fig. 5) [4].

After intraosseous BMAC or PRP administra-
tion in 5 (26.3%) patients of the main group and 4
(19.04%) patients of the comparison group, adverse
events were noted in the form of increased knee
joint pain and swelling, the possibility of which was
purposely discussed on the eve of treatment. These
phenomena gradually disappeared after 6-7 days.
Seven (36.8%) patients in the BMAC group and 5
(23.8%) in the PRP group required analgesic drugs
for several days.

Discussion

Newly obtained data in the study of OA pathogen-
esis, modern design, and research result analysis
from the standpoint of evidence-based medicine
expanded the clinical guidelines. An expert opin-
ion on the use of orthobiological methods was an-
nounced at the EULAR congress in 2020, and intra-
articular PRP injections were classified as effective
second-line treatments for knee OA [1, 8, 12, 13, 20,
21].

The biological effects of PRP are currently asso-
ciated with the cellular metabolism stimulation and
the possibility of modeling the homeostasis of the
synovial joint environment by influencing chronic
inflammatory and degenerative processes [8, 22, 23].
Growth factors, such as platelet-derived growth fac-
tor, transforming growth factor (TGF), platelet-de-
rived endothelial growth factor, vascular endothelial
growth factor, insulin-like growth factor 1, fibroblast
growth factors, and others contained in platelet al-
pha granules are considered as the main instruments
that regulate the biological processes in tissues [8,
12,13, 14, 24].

The PRP anti-inflammatory property manifesta-
tion is achieved through various biological mecha-
nisms, but mainly due to the regulatory influence
of growth factors on all three phases of the inflam-
matory process through the transmembrane cell
receptor interaction and intracellular signal initia-
tion [1, 3, 8, 14, 21].

The concentration of platelets in the PRP should
exceed the normal count of these cells in the pe-
ripheral blood by 4-5 times (up to 1000 x 103 pl/1)
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to implement the anti-inflammatory effect and re-
parative potential, although nowadays it cannot be
stated definitely [17, 18, 25, 26]. Several randomized
controlled trials have demonstrated the absence of
a correlation between the platelet concentration in
the PRP and the achieved results [8, 23, 27].

The leukocytes contained in the PRP have a sig-
nificant influence on the modeling of the inflam-
matory process in the joint. With their high count,
catabolic processes start to predominate over ana-
bolic ones due to a sharply increased amount of pro-
inflammatory mediators, which is manifested at the
clinical level as an adverse event, namely increased
pain and synovitis [3, 8, 23]. Contrarily, one can hard-
ly conceive PRP that does not contain leukocytes at
all. The antimicrobial activity of leukocytes against
most bacteria and their powerful anti-inflammatory
potential ensure the safety of intra-articular or in-
traosseous PRP administration [8, 27]. Finally, the
problem of obtaining PRP with a given leukocyte
count has not yet found an acceptable technical so-
lution due to the well-known difficulties in separat-
ing leukocytes from platelets that are located in the
same layer without significant platelet loss [13, 14,
27].

In the obtained plasma in our study, the plate-
let and leukocyte concentration were 962+40x109/1
and 9.7+1.4x109/1, respectively, which did not ex-
ceed the above-discussed disputed threshold val-
ues. The absence of exogenous activation of PRP
without a “volley” release of growth factors under
the influence of endogenous collagen also reduced
the risk of increased inflammation and pain, which
was especially important when plasma was injected
into the area of bone marrow edema in case of al-
ready existing inflammation.

Experimental and clinical studies revealed that
the effect of PRP growth factors after intraosseous
administration is felt not only by the subchondral
bone but also by the covering hyaline cartilage,
which usually has the greatest damage just above
the areas of bone marrow edema [3, 8, 14, 23].

Y. Kobayashi et al. revealed that PRP enhances
migration and stimulates chondrogenic differentia-
tion of progenitor cells in the subchondral bone [1].
Their high level in the synovial fluid, which indi-
cates a more severe OA, decreases after intraosse-
ous PRP administration to values close to normal
[17, 26]. Additionally, PRP reduces the overexpres-
sion of TGF-B, which inhibits signal transduction in
positive mesenchymal stromal cells (MSCs) of the
subchondral bone, thereby attenuating degenera-
tive processes in the articular cartilage [27].

Autologous BMAC in patients of the main group
belongs to the next generation of orthobiological
products after PRP and is considered quite prom-
ising for the pathogenetic OA treatment [28, 29,
30, 31]. The contained MSCs in BMAC have wider
possibilities of cellular and molecular level action
compared to PRP, although their count is 0.01% of
the cell population and increases to only 0.1% af-
ter centrifugation [10]. Contrary to the associated
dualism with the platelet concentration in the PRP
action, an increased MSCs count in the BMAC in-
creases the therapeutic effect. Its implementation
requires an increased concentration of MSCs by
>0.01%, which was achieved in the course of obtain-
ing BMAC in our study [2, 10, 11].

MSCs can stimulate the differentiation and pro-
liferation of surrounding cells in osteogenic, chon-
drogenic, or adipogenic directions due to their reg-
ulatory functions [7, 11, 17, 30]. The paracrine effect
of MSCs is implemented through the secretion of
a large number of growth factors, cytokines, and
chemokines that have an activating effect on the
stem cells, as well as an antiapoptotic, angiogen-
ic, immunomodulatory, and antiseptic effect [32].
MSCs also enhance the synthetic activity of cells
and matrix remodeling [17, 19, 31]. Additionally,
BMAC also includes other bone marrow cells, in-
cluding platelets, of which the count increases
several times after centrifugation, as in PRP, which
provides some synergy of action and imparts BMAC
with additional biological properties of plasma [9,
17, 30].

The contemporary literary sources on the effi-
ciency of intraosseous PRP or BMAC injections in
knee OA are mostly limited to clinical case descrip-
tions. B. Di Matteo et al. included in their systematic
review only 5 related publications to the intraosse-
ous PRP and BMAC administration that met several
simple criteria, including a sample of at least 5 pa-
tients and a follow-up period of at least 6 months
[22]. The attitude to the results obtained in most
works on this issue remains cautious due to the
difference in therapeutic protocols and treatment
outcome evaluation, and even some prejudiced at-
titudes [27]. However, several comparative studies
at this stage are certainly especially noteworthy.

Simultaneous intraosseous PRP administra-
tion with intra-articular plasma injection in knee
OA was first proposed by M. Sanchez et al. in 2016.
Somewhat later, the authors published results of a
comparative study of two groups of 60 patients with
stage III-IV OA (K-L), who received PRP with a high
level of leukocytes as a single intra-articular injec-
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tion or in combination with intraosseous plasma
injection. The treatment result evaluation after 6
and 12 months indicated the remaining statistically
significant advantages of the combined method us-
ing PRP in the absence of differences in the early
follow-up [3].

Higher rates of the knee joint function restora-
tion and a decreased pain syndrome intensity were
also noted by K. Su et al. in 65 patients with the
knee joint OA of stages II-III (K-L) after combined
intra-articular and intraosseous administration of
PRP compared with only intra-articular injections
of plasma or hyaluronic acid for 18 months of fol-
low-up [23]. Similar results were also obtained in
40% of patients in a pilot study by N. Fiz et al. af-
ter the combined administration of PRP to the hip
joint in stages II and III of the disease [14].

The obtained results certainly could not be ful-
ly extrapolated to the treatment of subchondral
bone injuries in knee OA using BMAC; however,
some clinical effects could be quite expected. Thus,
P. Hernigou et al. revealed that the results of ad-
ministering 20 ml of BMAC containing 6500/ml of
MSCs into the femur and tibia to 30 young patients
with end-stage knee OA associated with osteone-
crosis after 8—16 years turned out to be comparable
or slightly better by HSS scale than after total ar-
throplasty of the contralateral joint. After the in-
traosseous BMAC injection, the articular cartilage
thickness increased by 4.2%-23.5%, and the size of
osteonecrosis foci decreased by 40% within 2 to 5
years after manipulations [30].

A few years later, in a more representative ran-
domized study of a similar design, which included
140 patients aged 65 to 90 years with the knee joint
OA, predominantly stages III-IV (K-L), P. Hernigou
et al. reported 18% completion of arthroplasty after
an average of 10 years after BMAC administration,
which in terms of each year of the follow-up was
1.19% and approached the risk of revision interven-
tions on the opposite joint with an endoprosthesis.
The average count of MSCs in 20 cm3 of BMAC from
the iliac wing injected in equal amounts into the
subchondral bone of the internal condyles of the
femur and tibia reached 7800/ml. According to the
authors, the pronounced analgesic effect of BMAC
avoided arthroplasty for a long period and reduce
the risks of surgery-associated complications [7, 8,
11].

The comparison of two administration routes of
40 ml of BMAC containing an average of 5727/ml
of MSCs (intra-articular and intraosseous) was un-
dertaken by P. Hernigou et al. in another prospec-

tive randomized study. The subchondral injection
of BMAC into the femur and tibia in one knee joint
and intra-articular administration in the other joint
in 60 patients with bilateral OA stages I-IV (K-L)
revealed the clinical benefits of using the first of
the techniques 2 years after the manipulations.
The annual frequency of arthroplasty was 1.3% and
4.6% in groups 1 and 2, respectively. An objective
assessment of the dynamics of damage foci to the
subchondral bone using MRI also testified in favor
of the intraosseous route of BMAC administration
[7, 11].

V. Vad et al. were the first who used combined in-
traosseous subchondral and intra-articular injection
of bone marrow aspirate and conducted a prospec-
tive treatment outcome evaluation in a series of 10
patients with stage III-IV (K-L) knee joint OA. The
technique is called PeCaBoo (percutaneous chon-
dral bone interface optimization). The bone mar-
row aspirate was obtained from the proximal epi-
physis of the tibia, of which 2 ml was injected into
the subchondral parts of the condyles of the femur
and tibia under fluoroscopic control and another 2
ml into the knee joint cavity. The authors revealed a
decreased intensity of pain syndrome by 3 times ac-
cording to the NRS-Pain scale at 3, 6, and 12 months
and more (on average 14 months) after the manipu-
lation, as well as an improved functionality accord-
ing to the WOMAC scale by 23 points, with a 60%
decreased number of patients who are forced to take
non-steroidal anti-inflammatory drugs. Control MRI
showed a decreased bone marrow edema and an in-
creased articular cartilage thickness by 14% [9].

The therapeutic potential of combined subchon-
dral and intra-articular administration of BMAC
was also analyzed and confirmed by E. Kon et al. in
a pilot multicenter prospective cohort study. Single
combined BMAC at 9 ml (3 ml for each injection)
was administered to 30 patients with a mean age of
56.4 years with symptomatic OA of the knee joint
of stages II-III (K-L) and MRI-confirmed changes
in the subchondral bone of one or both condyles,
mainly in the internal part of the joint. The treat-
ment results were evaluated after 1, 3, 6, and 12
months. A significantly decreased pain syndrome
according to the VAS scale and an improved knee
joint functionality according to the International
Knee Documentation Committee and Knee Injury
and Osteoarthritis Outcome Score scales were reg-
istered not only in the early stages after the BMAC
administration but were accompanied by a de-
creased zone of bone marrow edema according to
MRI data. Positive changes over time persisted up

77 2021;27(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

to the extreme point of the follow-up (12 months).
Concurrently, no significant changes were found in
patients’ perception of improvement in their gen-
eral health according to the EQ-VAS scale of the
quality of life [2].

Study limitations

The limitations of the performed study included
the small number of patients, the absence of a
placebo group, and the use of point scales mainly
based on subjective indicators for treatment result
assessment.

Conclusions

A single intraosseous subchondral BMAC admin-
istration has an advantage over the similar PRP
administration in terms of most indicators such
as pain, knee joint function, and physical activity
of patients both in early and late follow-up peri-
ods. Both treatment methods are equally safe but
are not devoid of adverse effects in the form of in-
creased pain and joint swelling within a few days
after the manipulation.

Ethical expertise

The clinical trial observed the requirements of the
Declaration of Helsinki of 1975, revised in 2008.
Approval was obtained from the local ethical com-
mittee of the Volgograd State Medical University of
the Ministry of Health of Russia in 2016 to conduct
a clinical trial “The use of bone marrow aspirate
concentrate in patients with injuries and long-term
damage of the musculoskeletal system.

Informed consent

Patients gave voluntary written informed consent
to participate in the study and publish its results.
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