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BACKGROUND: The treatment of traumatic and degenerative cartilage damage is one of the largest areas in orthopedic
practice, and the therapy success remains limited.

AIM: To analyze the results of surgical treatment of patients with traumatic and degenerative injuries of the knee joint
hyaline cartilage using debridement and osteoperforative techniques, taking into account the time from the surgical interven-
tion.

MATERIALS AND METHODS: A statistical analysis was conducted on the treatment outcomes of servicemen with trau-
matic and degenerative damage in the knee joint articular hyaline cartilage. Patients underwent surgical treatment using
osteoperforative techniques (abrasive chondroplasty, tunneling, and microfracturing) at the Clinic of Military Traumatology
and Orthopedics of the S.M. Kirov Military Medical Academy from 2009 to 2019. The study relied on the data obtained from
questioning the patients using the Knee Injury and Osteoarthritis Outcome Score (KOOS) and LKSS questionnaires.

RESULTS: The result analyses using the KOOS and LKSS scales revealed significantly higher good results in the observed
group in the postoperative period from 1 to 4 years than in the groups from 4 to 8 and more than 8 years (p = 0.004). No sig-
nificant differences were determined in the treatment outcomes of the groups with resection and different osteoperforative
methods.

CONCLUSIONS: Treatment methods for hyaline cartilage defects, such as resection and osteoperforative, are technically
simple with good treatment outcomes in patients with articular cartilage injuries from 1 to 4 years postoperative. Treatment
outcome deterioration was noted in 4-8 years postoperative, regardless of the treatment method used, which is more sig-
nificant in patients in >8 years postoperative.
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Pesynbtatbl NeyeHus nayueHToB

C NOBPEeXAEHUAMU r'MaNMHOBOI0 XPALLA KONEHHOro
cycTaBa C NpUMEHeHUeM pe3eKLUOHHbIX

U ocTeonep¢opaTUBHbIX METOAMUK
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06ocHoeaHue. ToBpexaeHMe XPALLEBOI TKaHW TPaBMaTUYECKOTO W JiereHepaTUBHOIO reHe3a BCTpeyaeTca Hambonee ya-
CTO B NPaKTUKe OpTONesa, Npy 3TOM YCMeX Tepanuu 0CTaeTCcs OrPaHUYEHHBIM.

Llene — npoaHanu3npoBaTh pe3ynbTaTbl XMPYPruyecKoro IEYeHWs NaUUEHTOB C TPaBMaTUYECKUMMU W LereHepaTUBHbLIMM
MOBPEXAEHUAMW TMaNMHOBOIO XPALLA KOJIEHHOO CycTaBa C NpUMeHEHMEM AebpuameHTa U ocTeonepdopaTMBHBLIX METOAMK
M C Y4EeTOM BpPEMEHH, NPOLUEALLEro NOCE BbINOSHEHUS ONEpPaTMBHOTO BMELLIATENLCTBA.

Mamepuanel u Memodsl. MpoBefeH CTaTUCTUYECKUIA aHANM3 Pe3ynbTaToB JiedeHUs 223 NauMeHToB C TPaBMaTUYECKUM
W JereHepaTUBHLIM MOBPEXAEHWEM CYCTaBHOTO MMasMHOBOMO XPALLA KONEHHOIO CycTaBa, KOTOPbIE MOAYYUNIM onepaTUBHOE
NleYeHmre ¢ UCMoNb30BaHWeM AebpuaMeHTa 30HbI NMOBPEXAEHUS U 0cTeonephOpaTUBHLIX METOAMK (TYHHENMU3aLMs, MUKPO-
(GpaKTypupoBaHMe) B KJMHUKE BOEHHOW TpaBMatonorvu u optonenuu BoeHHo-MeamumHckon akagemumn uMm. C.M. Kuposa
B nepuog, ¢ 2009 no 2019 r. B pabote onupanuch Ha AaHHbIe, NOYHeHHbIE NPY aHKETUPOBaHWUM NALMEHTOB C MOMOLLbIO OMPOC-
Hukos KOOS un LKSS.

Pesynemamel. [lons nauMeHToB C XOPOLUMMM pe3ynbTatamu B Nepuog, HabmopeHus oT 1 roga [o 4 net nocne onepauym
Obina gocToBepHo bonblue, YeM [o0ns nauMeHToB B nepuop ot 4 ao 8 u bonee 8 net (p = 0,004). [loctoBepHble pasnnuus
B pe3ynibTaTax JIe4eHUss MeXy rpynnamMm ¢ pe3eKLMOHHBIMU U pa3HbiMU ocTeonepdopaTUBHLIMUA METOAMKAMIU OTCYTCTBOBAM.

3akntoyeHue. Pe3eKUMOHHbIE U 0cTeONep(opaTUBHbIE METOAMKM NleyeHns AedeKTOB MMajMHOBOIO XpALLA ABMAITCS Tex-
HWYECKU NPOCTLIMM W MO3BOASIOT NOAYYUTH XOPOLLME Pe3yNbTaThl y NaLMEHTOB C MOBPEXAEHUSAMM CYCTABHOMO XpsLLA B Nepu-
op ot 1 0o 4 net ¢ MOMeHTa onepauuu. YXyoweHue pe3ynbTaToB fieHeHUs OTMEYEHO B Nepuog, € 4 Ao 8 neT BHe 3aBUCMMOCTM
OT UCMONb30BaHHOM METOAUKM U Bonee 3HaYMMO Y MALMEHTOB C NOCeonepaLMoHHbIM CPoKoM bonee 8 net.

KnioueBble cnoBa: KoNeHHbIN CyCTaB; rMasIMHOBLIN XpALL; ,U,EdJEKT XpALLla; XoHOponaTuaA; XoHaponjiacTuKa.

Kak umtupoBarb:

Yebotapés C.B., Xomurel, B.B., 3emnanoit [1.A., KanioxHas J1.W., TpaHkun A.C., Denopos PA. Pe3ynbTaTbl leYeHist NaLyeHToB C NOBPEXAeHUAMM MMaMHOBOro
XpsiLLia KOMIEHHOrO CYCTaBa C MPYMEHEHNEM Pe3eKLIMOHHBIX M ocTeonepdopat BHbIX MeToauK // OpToneams, TpaBMaTonors M BOCCTaHOBUTESTbHAs XMpyprust
netckoro Bopacta. 2021. T. 9. N° 4. C. 397-406. DOI: https://doi.org/10.17816/PTORS64290

Pykonucb nonyyena: 29.03.2021 Pykonucb opo6peHa: 11.10.2021 Ony6nukoBaHa: 28.12.2021

A
3KO®BEKTOP Bce npasa 3almieHs!
© 3ko-BexTop, 2021



ORIGINAL STUDY ARTICLE

BACKGROUND

Cartilage injuries of traumatic and degenerative origin
are most common in the practice of an orthopedist, and
the complexity of therapy is due to the specificity of the hyaline
cartilage histological structure [1].

More than 50% of outpatient orthopedic traumatologist
visits are associated with pain in large joints. Result analysis
of more than 30,000 arthroscopic surgeries for large joint
damage revealed that damage to the articular cartilage was
of various degrees in 63% of cases [2, 3].

Several treatment methods are available for articular
cartilage defects, but the success of therapy remains limited.
In surgical treatment, autologous osteochondral grafts are
used to replace cartilage defects; however, this technique is
not free from shortcomings. The graft sampling site is limited
by the area of the donor site, which should correspond to
the unloaded articular surface of the cartilage. The donor
site is a risk factor for soreness in the postoperative period
and the development of a degenerative-dystrophic process
of the joint [4].

Techniques using biotechnologies, cell therapy, and
tissue engineering methods are actively developed [5]. This
approach is associated with the provision of the necessary
laboratory conditions and the availability of specialists with
the appropriate qualifications for culturing cell material.
Additionally, cartilage tissue is not always formed due to
treatment, and treatment outcomes using regenerative
medicine are comparable to widely used methods of
osteoperforation [6-8]. Concurrently, the advantage of
the latter consists of the minimum set of necessary surgical
instruments, low cost, and ease of performing procedures
through a minimally invasive short-term single surgical
intervention. However, evidence revealed that the obtained
results using osteoperforative techniques deteriorate over
time after surgery, which limits their use [9, 10].

The Clinic of Military Traumatology and Orthopedics of
the Military Medical Academy has accumulated extensive
experience in the use of debridement of damaged articular
cartilage areas and osteoperforative techniques such as
tunneling and microfracturing.

This study aimed to analyze the results of surgical
treatment of patients with traumatic and degenerative injuries
of the hyaline cartilage of the knee joint using debridement
and osteoperforative techniques, considering the time after

surgery.

MATERIALS AND METHODS

This retrospective study included 223 patients who
are operated on at the Clinic of Military Traumatology and
Orthopedics of the S.M. Kirov Military Medical Academy from
2009 to 2019. Participants were distributed into two groups.
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Group 1 consisted of 43 patients with chondromalacia
of the articular cartilage of the supporting surface of
the femoral condyles after a knee joint injury, and group 2
(180 patients) included patients with chondromalacia of
similar zones as a result of chronic degenerative damage
of the cartilage, as an indication of the initial manifestations
of gonarthrosis. The criterion for inclusion of patients in
the study was damage to the articular cartilage degrees II
(34; 15.2%), 11 (105; 47.1%), and IV (84; 37.7%) (according
to Outerbridge, 1961) with damage to the supporting
surface of the articular cartilage of one of the condyles
of the femur with a total area of up to 2 cm? The study
did not include patients with concomitant pathology of
the knee joint, except the flap and degenerative injuries of
the menisci, for which their partial resection was required.
All patients underwent the surgical procedures, namely
damaged cartilage zone debridement (50%; 22.4%), mainly
in patients with degree Il of articular cartilage damage
and tunneling (64; 28.7%) and microfracture (99; 44.4%)
in patients with degrees Ill and IV. On day 2 postoperative,
the knee joint was punctured. Walking with crutches
without any load on the operated leg, as well as physical
therapy exercises (contractions of the muscles of the thigh
and lower leg) were recommended starting from day 2,
and physiotherapy procedures (magnetotherapy, ultrahigh-
frequency therapy) were recommended starting from day 7
postoperative. Dosed load in patients with joint debridement
was allowed from day 2 and week & postoperative in
case of osteoperforative techniques. Males significantly
predominated with 164 (73.5%) whereas women were
59 (26.5%). The age of patients ranged from 17 to 69 years,
with an average of 32.7+12.4 years at the time of surgery in
group 1 and 40.3+12.4 years in group 2.

The surgical treatment results of patients in each
examined group were analyzed using the international
systems for evaluating the results on two scales. The Knee
Injury and Osteoarthritis Outcome Score (KOOS) scale
were used to subjectively assess the patient’s condition
and the impact of the disease on the quality of life, and
professional activity. The score was from 100 to 0, while
the results were considered unsatisfactory with values
from 0 to 49 points, satisfactory with 50-79 points, good
results were with 80-99 points, and excellent results
with 100 points. This scale consists of five subscales to
assess pain and other symptoms, activities of daily living,
leg function during sports and recreation, and overall
quality of life. The KOOS scale questionnaire reflects only
the subjective opinion of patients; therefore, the Lysholm
Knee Scoring Scale (LKSS) score was used for the knee
joint to avoid distortion of the results due to the individual
perception of the above parameters. It objectifies the results
of treatment and includes questions regarding lameness,
knee joint swelling, blockage episodes, and joint instability,
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as well as pain, discomfort, and restrictions when
climbing stairs, squatting, and using supportive devices.
According to the LKSS scale, <65 points are poor, 65-83
are satisfactory, 84—94 are good, and 95-100 are excellent
results. The study was performed using two scales for
a comprehensive treatment outcome analysis since they
are based on different approaches in assessing patient
conditions [11, 12].

Statistical processing of the obtained results was
performed using the program StatSoft Statistica 6.1.
The relative frequencies within the two groups were
compared by testing the hypothesis of equality of the relative
frequencies in the two populations; the significance level was
taken as p < 0.05; at 0.1 = p > 0.05, there was a tendency to
difference [13].

RESULTS

The treatment result analysis of patients in group 1 with
distribution into subgroups based on the postoperative period
duration is presented in Table 1.

Treatment satisfaction in group 1 was assessed
according to the KOOS and LKSS scales at different periods
after surgery. An interesting pattern was established that
the proportion of patients with good and excellent results
from 1 to 4 years after surgery was statistically significantly
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greater than from 4 to 8 years (p = 0.004). According to
these questionnaires, none of the patients, whose treatment
outcome was analyzed over >8 years, rated their condition
as “excellent” or “good.”

The survey results of group 2 are presented in Table 2.

We registered a presentation similar to the data of
group 1 when assessing the satisfaction with the treatment
results in group 2 according to the KOOS scale. With increased
duration of the postoperative period, the proportion of good
and excellent results decreased from 93.2% in the subgroup
with a postoperative follow-up period of 1-4 years to 62.7%
and 18.2% in 4-8 and 8-10 years, respectively. Concurrently,
the proportion of patients who rated their treatment
results as satisfactory increased (p = 0.035). According to
the KOOS scale, even with the maximum follow-up period,
no unsatisfactory results were obtained.

A survey of patients in group 2 according to the LKSS
scale was conducted, in which good and excellent results
during the follow-up of 1-4 years were noted in 93.2%
and 51.0% of cases in the 4-8 years. Additionally, in
the subgroup of patients with terms of 8-10 years after
surgery, no good and excellent treatment results were
obtained. The same regularity was revealed using the KOOS
scale (p = 0.014). Concurrently, 4 years after the intervention,
some patients of group 2 regarded the treatment result as
poor.

Table 1. Results of treatment of group 1 based on the postoperative period duration according to the KOOS and LKSS scales

Treatment result

The period after surgery,

KOOS scale LKSS scale
subgroups
poor satisfactory good excellent poor satisfactory good excellent
1-4 years (1) 0; 0% 0; 0% 24; 92.3% 2; 717% 0; 0.0% 2;717% 17; 65.4% 7; 26.9%
4-8 years (2) 0; 0% 10; 71.4% 4; 28.6% 0; 0% 0; 0.0% 10; 71.6% 4; 28.6% 0; 0.0%
8-10 years (3) 0; 0% 3; 100% 0; 0% 0; 0% 1;333% 2, 66.7% 0; 0.0% 0; 0.0%
Significance level, p - - p_, < 0.001 - - - p,=0032 p,_,=0.039
P53 < 0.001 p3=004  p, ;=03
Note: p,_y; p,_3; p,_3: level of significance of differences in the treatment results depending on the postoperative period duration.
Table 2. Treatment results in group 2 based on the postoperative period duration according to the KOOS and LKSS scales
Treatment result
The period after surgery,
KOOS scale LKSS scale
subgroups
poor | satisfactory good excellent poor satisfactory good excellent
1-4 years (1) 0; 0% 8; 6.8% 93; 78.8% 17; 14.6% 0; 0.0% 8; 6.8% 19; 16.1% 91; 77.1%
4-8 years (2) 0;0% 19;37.3% 32; 62.7% 0; 0% 4; 78% 21; 61.2% 15; 29.4% 11; 21.6%
8-10 years (3) 0; 0% 9; 81.8% 2;18.2% 0; 0% 1; 91% 10; 90.9% 0; 0.0% 0; 0.0%
Significance level, p p,_, <0.0001 p,,=0.031 p,_,=0.005 p,,=0.002 p,_,<0.0001 p,,=0.049 p,_,<0.0001

p,,=0008 p,,=0009

p,=0002 p,,=0004 p,,=0045 p,,<0.0001

Note: p,_y; p,_3; P,_q: level of significance of differences in the treatment results based on the postoperative period duration.
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Fig. 1. The total frequency of good and excellent results of treatment of group 1 at different times after surgical interventions based on

their type (score on the KOOS scale)

The comparison of data in Tables 1 and 2 showed that
the proportion of good and excellent results with an increased
follow-up period decreased in both groups. Additionally,
among group 2 patients with a postoperative period of
4-8 years, the proportion of patients who assessed their
condition as good was statistically significantly higher than
group 1 (62.7% and 28.6%, respectively, p = 0.026).

Figures 1 and 2 present good and excellent treatment
results of patients based on the type of surgery and
the postoperative period duration.

No statistically significant differences were found
in the treatment results of patients in group 1 between
the subgroups with different postoperative periods depending

%
10007 91.2 ﬂ 91.2

on the type of surgical treatment. In the subgroup with
a postoperative period of 4-8 years, the results were
significantly better in patients after microfracture.

The statistical analysis of the treatment results in group 2
according to the KOOS scale also revealed no significant
differences between the subgroups based on the postoperative
period, considering the surgical technique. In the subgroup
with a postoperative period of 4-8 years, a tendency toward
a difference was found between the treatment outcomes
with the highest number of positive results in patients using
debridement (p = 0.08).

The comparison of treatment results in patients of groups 1
and 2 with a postoperative period of 4-8 years revealed
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Fig. 2. The total frequency of good and excellent treatment results of group 2 at different times after surgery, based on their type (score

on the KOOS scale)
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a significant decrease in the assessment of treatment results
by debridement of the cartilage damage zone in patients
with traumatic damage to the articular cartilage (p = 0.02).
No other statistically significant differences were found in
the treatment outcomes between the groups.

DISCUSSION

The surgical treatment results of articular cartilage
defects were analyzed using the most commonly used and
technically simple and accessible methods. Debridement,
as a resection method, is aimed at local smoothing of
the damaged cartilage surface and removal of detached
cartilage. This technique aims to restore joint movement
and improve the congruence of the articular surfaces
but does not provide stimulation of histogenesis in
the resulting defect. The integrity of the subchondral bone
is disrupted to create channels between the defect in
the cartilage and the underlying bone marrow in using
osteoperforative techniques to repair cartilage damage [14].
The recruited multipotent bone marrow stromal cells
penetrate the created articular cartilage defect through
these channels, facilitating the subsequent formation of new
tissue similar to the articular cartilage (remodeling).

Our study revealed no statistically significant
differences between the groups using the osteoperforative
treatment methods. Similar data are also presented by
the international authors [15]. However, the result analyses
of debridement and osteoperforative techniques revealed
a greater of patients in group 2 with a postoperative
follow-up period of 4-8 years who assessed their condition
as good than among the patients of group 1. Debridement
proved to be a less effective treatment method for patients
with traumatic cartilage damage. The rapid progression of
the destructive process in the injured articular cartilage,
leading to the early formation of degenerative-dystrophic
changes in the joint, is presumably associated with
the natural phenomena of secondary alteration in the defect
zone, aggravated by the debridement procedure, and
the anatomical and physiological aspects of the cartilage
tissue itself, which determine its inability to spontaneous
regeneration.

Such approaches of articular cartilage restoration are
effective only for small defects, with an area of up to
2 cm? [16]. A literature review revealed the undoubted
superiority of mosaic chondroplasty over osteoperforative
techniques in the long term in patients with local cartilage
tissue damage with an area of 4-6 cm? [17]. Additionally,
several authors note that osteoperforative techniques,
as well as debridement of the articular surface, provide
a relatively short-term functional improvement [18], since,
in defiance of all expectations, defects are mainly filled
with fibrous rather than hyaline cartilage. This effect was

Tom 9 N 4, 2021

OpTonenys, TpaBMaTonora
V1 BOCCTAHOBMTESbHAA XVPYpriAf AETCKOMO BO3pacTa

also noted in our study, where excellent results were
recorded in subgroups with short follow-up after surgery;
however, they were absent in subgroups with a follow-up
period of 8-10 years, although it should be noted that
the number of patients in them was small (3 patients
in group 1 and 11 patients in group 2) (Tables 1, 2).
As the postoperative period duration increased, patients
more often assessed negatively the results of surgical
treatment for degenerative-dystrophic joint diseases. Thus,
several authors are doubtful about the choice of surgical
techniques for the treatment of patients with osteoarthritis,
believing that the number of bone marrow stem cells
entering the joint cavity after osteoperforation of sclerotic
subchondral bone is insufficient for a regenerative effect
[19, 20]. Our study results revealed that the treatment
efficiency using resection techniques significantly depended
on the causes of articular cartilage damage, thus
debridement gave more good results in the group with
a degenerative nature of the disease than in the group
with traumatic cartilage damage, in subgroups with
a postoperative period of 4-8 years.

Generally, the obtained data using the two scales
were similar, and the estimates of treatment outcomes
worsened with an increased postoperative period duration.
Concurrently, using the LKSS scale, which objectively
evaluates the treatment results, poor indicators were
revealed in the long-term after surgery, which, in our
opinion, makes it more informative in comparison with
the KOOS scale [11, 12].

Currently, orthopedists are improving methods of
osteoperforative treatment of cartilage damage and suggest
combining these methods with corrective osteotomy, the use
of various matrices to close defects, the introduction of
cartilage growth factors, and autologous stem cells [4].
The tissue engineering methods are particularly promising
methods for articular cartilage restoration, as they are aimed
to create tissue engineering products in the laboratory and
use for intra-articular treatment with high regenerative
capabilities that can potentiate the formation of remodeled
hyaline cartilage in the damaged area [20-22].

Our study has certain limitations associated with
the presence of unconsidered factors that could affect
the study results, including the age of patients at the time of
surgery, body mass index, level of physical activity, and size
of the hyaline cartilage defect.

CONCLUSION

Osteoperforative methods of cartilage tissue restoration
and debridement, being technically simple methods of
treatment, provide good results in patients with local damage
to the articular cartilage up to 2 cm during the first 4 years
after surgery. In the future, an increased pain syndrome is
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noted in patients with both degenerative-dystrophic joint
diseases and traumatic injuries of cartilage tissue. In 4-8 years
follow-up, the results of debridement in patients with post-
traumatic injuries are worse than with the osteoperforative
techniques. After 8 years, patient satisfaction with the results
of treatment continues to decline, without differences based
on the methods used.
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