Check for
updates

Science & Innovations in Medicine

Vol.10 (2) 2025

TRAUMATOLOGY AND ORTHOPEDICS

Original research | OpurnHansHoe wuccnenoBaHve
DOI: https://doi.org/10.35693/SIM660913

@@ This work is licensed under CC BY 4.0
© Authors, 2025

Development and risk factors of chronic pain
due to trauma to the anterior cruciate ligament and/or
meniscus of the knee joint

Anastasiya A. Byalik?, Andrei E. Karateev?, Sergei A. Makarov?, Evgenii |. Byalik* 2,
Valerii E. Byalik?, Vadim A. Nesterenko?, Daniil M. Kudinsky!

1\V.A. Nasonova Research Institute of Rheumatology (Moscow, Russian Federation)
2Russian Medical Academy of Continuous Professional Education (Moscow, Russian Federation)

Abstract

Aim - to evaluate the incidence and risk factors of chronic post-traumatic
pain in patients who suffered an anterior cruciate ligament (ACL) and/or knee
joint meniscus (CC) injury.

Material and methods. The study group consisted of 148 patients (48.0%
women, 37.9 + 13.1 years old) who had suffered an injury to the PC and/
or meniscus of the CS, confirmed by magnetic resonance imaging (MRI).
The inclusion criterion was moderate/severe pain (>4 on the numerical rating
scale, NRS 0-10) 1 month after the injury. Patients were examined after 3,
6, and 12 months with an assessment of pain (NRS) and the KOOS index,
signs of neuropathic pain (painDETECT), anxiety and depression (HADS
a and HADS d), central sensitization index (CSI), pain catastrophization
(PCS), fibromyalgia symptoms (FiRST), fatigue (FACIT). An MRI scan was
performed after 6 and 12 months. The plasma concentrations of a number of
biomarkers (HCRP, NTX, ADAMTS-5, COMP, MMP3, MMP9, MMP13,
substance P) were studied.

Results. After 3 months, pain with movement >4 NRS was observed in 58
(39.2%) patients. These patients formed the group with chronic post-traumatic
pain (CPTP+), patients with lower pain intensity or absence (<4 NRS) formed
the control group (CPTP-). In patients with CPTP+, compared with the
CPTP- group, pain at rest and at night was significantly higher (p <0.001). A
significant difference in pain during movement, at rest, and at night, as well as

all KOOS scales, remained between the CPTP+ and CPTP- groups after 6 and
12 months. In the CPTP+ group, there was a tendency to a higher frequency of
signs of neuropathic pain, anxiety and depression, central sensitization index,
pain catastrophization scale and fatigue, however, the difference with the
CPTP- group was unreliable. The concentration of biomarkers in the CPTP+
and CPTP- groups did not differ. There was a significant association between
CPTP and the female sex (odds ratio = 3.18; 95% confidence interval 1.606-
6.297, p<0.001), meniscus injury (OR = 2.132; 95% CI 1.07-4.252, p=0.03),
osteitis (OR = 5.734; 95% CI 2.106-15.609, p<0.001) and synovitis (OR =
2.35; 95% CI 1.186-4.656, p=0.013) according to MRI, surgery (reduced the
risk of CPTP, OR = 0.385; 95% CI 0.195-0.759, p<0.005), initially severe
pain (=7 NRS, OR = 5.553; 95% CI 1.696-18.179, p=0.002), signs of highly
probable CS (CSI >40, OR = 3.915; 95% CI 1.147-13.368, p=0.021) and
severe depression (HADS > 11, OR = 4.12; 95% CI 1.672-21.983, p=0.05).
Conclusion. CPTP occurs in almost 40% of patients after knee joint meniscus
injury. Risk factors for CPTP are female gender, meniscus injury, osteitis
and synovitis (MRI data), initially severe pain, central sensitization, and
depression.
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Hayka n UHHOBauUuK B MeauLuHe

PasButue n cpbaktopbl pucka XpoHu4eckom 6onu nocne
TpaBMbl NepeaHen Kpectoobpa3sHon CBA3KKU n/mnum
MEHUCKa KOJIeHHOro cyctaBa

A.A. banuk!, A.E. KaparteeB!, C.A. Makapos!, E.1. Bsanuk! 2, B.E. banuk?,
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IOIBHY «Hay4Ho-nccnegoBatenbCknii MIHCTUTYT peBmatosiorum nmexdm B.A. HacoHoBow»
(Mockea, Poccuiickas Pepepauns)
20MBOY ANO «Poccwiickas MeavumHCcKas akageMus HenpepbiBHOTO NPodeccMoHaibHOro ob6pasoBaHmay
MuH3sgpasa Poccun (Mockea, Poccuiickas ®epepauusi)

AHHOTaUuA

Iensb — oneHUTh YacToTy pa3BuTHs U dakrTops! pucka XIITH y namueHTos,
NepeHeCIIMX TPaBMY IlepesiHei kpecroobpasHoi cBsi3ku (ITKC) n/nnu menu-
cka koneHHoro cyctasa (KC).

Marepuan u Metonsl. Mccienyemyio rpynmy cocraBuiu 148 manueHnToB
(xenmuns! 48,0%, 37,9 + 13,1 rona), nepenecumx tpasmy I[IKC w/nnu me-
nucka KC, noarBeprxieHHy0 MarHUTHO-pe30HaHCHOU ToMorpadueit (MPT).
Kpureprem Brimodenust Gblla yMepeHHast/BbIpakeHHast 6071b (>4 110 4HCII0BOM
pelitunroso# mkase, YPIII 0-10) yepe3 1 Mecsn nociie TpaBMblL. IlanyeHTs!
obcieoBanuck yepes 3, 6 1 12 mecsies c onenkou 6omu (YPII) u nnpexca
KOQOS, npusnakoB Hepponaruyeckoit 6o (PainDETECT), TpeBoru u nie-
npeccun (HADS a u HADS d), nenrpansHoit cencutnzanuy, LIC (CSI), ka-
Tacrpodusanuu 6oy, Kb (PCS), cumnromos pubpomuanruu, PM (FiRST),
yromisiemoctH (FACIT). Yepes 6 u 12 mecsues nposoaunace MPT. Bruta
HCCIIefloBaHa IUIa3MeHHas KOHIleHTpalus psifia 6uomapkepos (BuCPB, NTX,
ADAMTS-5, COMP, MMII3, MMII9, MMII13, cy6cranmus P).
Pesynbrarsl. Uepes 3 Mecsinia 60116 nipu iBrokennd >4 YPIII ormedena y 58
(39,2%) nanuenToB. 3Ty nanuenTs cocrauwiy rpynny ¢ XIITB (XIITE+),
TAL[MIeHTHI C MeHbIIIei THTEeHCUBHOCTBIO WK OTCYTCTBHeM 6oy (<4 YPIII) —
kxoHTpoib (XIITB-). ¥ nanuentoB XIITH+ B cpaBHenuu c rpynmoi XI1Th-
6bU1a I0CTOBEpHO BhIlIe 60k B IIoKoe 1 Houbto (p <0,001). [JocToBepHOE
pazyyre GO IIPH JIBIKEHHH, B IIOKOe X HOYbIO, @ TAK)XKe BCeMH IIKalaMH

KOOS coxpansinoce mexay rpynnamu XI1TBb+ u XPTB- uepe3 6 u 12 me-
cseB. B rpynmne XIITB+ 6bi1a TeHOeHIus K Gouiblielf yacToTe IPU3HAKOB
HeBpoIaThyeckoi 6omnu, Tpesoru u nenpeccuu, LIC, Kb u ycranocry, on-
Hako pasnuuue c rpynnoi XIITB- 6su10 HenocroBepHbIM. KoHlleHTpanys
6uomapkepos B rpynmnax XI1TB+ u XIITE- He paznuuanack. OTMedeHa 10-
croBepHasi cBsi3b Mexay XIITD u skeHCKUM 110JI0M (OTHOILEHKe IIaHCOB,
OII = 3,18; 95% nosepurensHblil uaTepsain, U 1,606-6,297, p<0,001),
TpaBMoit Menucka (OLI = 2,132; 95% U 1,07-4,252, p=0,03), ocrentom
(OMI = 5,734; 95% 11 2,106-15,609, p<0,001) u curosuTomMm (OIII = 2,35;
95% 11 1,186-4,656, p=0,013) mo MPT, npoBenenHo# oneparyeit (CHU-
skana puck XITTB, OII = 0,385; 95% U 0,195-0,759, p<0,005), ucxopHo
cunbHOM 6oipio (>7 YPII, OII = 5,553; 95% IH 1,696-18,179, p=0,002),
npusHakamu Beicoko BepositHou 1[C (CSI >40, O = 3,915; 95% J1U 1,147-
13,368, p=0,021) u BepaskenHoi nenpeccueit (HADS > 11, O = 4,12;
95% I 1,672-21,983, p=0,05).

3axurrouenne. XI1TH Bo3Hukaet y noutu 40% naruenTos nocse tpasMel KC.
®akropsl pucka XIITE — jxeHCKuii 11071, TpaBMa MEHHUCKA, OCTEUT U CHHOBUT
(mannble MPT), ucxoziHo cunbHas 60mb, 1C 1 nenpeccust.

KoroueBble ciioBa: TpaBMa IepefiHeil KpeCTOOGpa3HON CBsI3KH/MEHHUCKA,
XPOHHUYeCKasi TOCTTpaBMaTH4eckast 6011b
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m INTRODUCTION
Injuries are a serious medical and social problem, one of

the main reasons of death, disablement, and considerable
decrease of quality of life in the modern world [1]. According
to official statistics, the ‘external causes’ (including injuries)
in the Russian Federation in 2020 ranked fourth among causes
of death (139,600), after cardiovascular diseases (938,500),
neoplastic diseases (295,900), and COVID-19 (144,700). The
absolute number of injuries was 8.92 million cases, of which
6.17 were injuries of upper and lower extremities [2].

In the structure of injuries of the lower extremities, the
injuries to the knee joint (KJ) and ankle joint prevail, whose
cumulative incidence rate is over 50% from the total number

148

of injuries to the skeletomuscular system [3]. The most
frequent traumatic injuries of the knee joint are the meniscal
tear and the anterior cruciate ligament tear (ACL) [4, 5].

Notwithstanding the wide range of conservative and
surgical methods of treatment of injuries, their sequelae are
often adverse. Injury complications may present themselves
as a permanent loss of capacity, neurological and infectious
complications, post-traumatic osteoarthritis (PTOA), and
chronic post-traumatic pain (CPTP) [6-10].

Chronic post-traumatic pain is a syndrome characterized
by moderate or significant pain in the area of the sustained
injury that persist for three or more months after the injury
[11]. This is a frequent complication: after injuries of the knee

www.innoscience.ru
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joint, depending on their severity, CPTP sets on in 10-50%
patients. CPTP significantly affects the general well-being,
affects physical and social activity, affects quality of life, and
incurs significant expenses on treatment and rehabilitation
[6-101].

Besides, the CPTP may be regarded as the first
manifestation of the emerging PTOA. The international
experts’ council Optimizing Knee Health after Injury
(OPTIKNEE) identified the PTOA of the knee joint thus:
“structural or symptomatic osteoarthritis developing after a
traumatic injury of the knee joint”. PTOA of the knee joint
is considered symptomatic in the presence of a clinic picture
matching the criteria of at least one professional associations
working on osteoarthritis, e.g., ACR (American College of
Rheumatology), but excludes age limitations regardless of
the presence of structural changes identified by instrumental
methods [12].

This shows that the CPTP and PTOA are serious
challenges of modern medicine that require adequate
approaches to prevention and treatment. At the same time,
proper management of PTOA is not possible without a
clear understanding of the mechanism of its development
and without identification of risk factors of the pathology.
Therefore, the fundamental task in studying CPTP is the
creation of a prognostic model that will analyze a complex
of symptoms and assess the probability of development of
the pathology, its pathway and phenotypic features.

m AIM

To evaluate the incidence rate and risk factors of chronic
post-traumatic pain in patients who suffered an anterior
cruciate ligament and/or knee joint meniscus injury.

m MATERIAL AND METHODS

This study is a part of a prospective scientific study
“PHOBOS” (“Factors Defining Chronization of Pain:
Evaluation and Systematization”) performed from 2022
to 2024 at the V.A. Nasonova Research Institute of
Rheumatology. The study group included 148 patients
compliant with the inclusion criteria: age from 18 to 50;
traumatic injury of the anterior cruciate ligament and/or
knee joint meniscus confirmed by the magnetic resonance
tomography findings (MRI); moderate or significant pain
in the knee joint area (>4 on the 0-10 numeric rating scale
(NRS), where 0 stands for no pain and 10 for unbearable
pain) for >1 month after the injury; availability of the
patient’s informed consent. The exclusion criteria were as
follows: fracture of the bony structures in the knee joint area
(diagnosed as per X-ray data), availability of reliable signs
of a rheumatic disease (including earlier diagnosed OA and
fibromyalgia), functional disorders of the skeletomuscular
system and comorbid conditions precluding regular check-
ups required by the study protocol.

All patients included in the study were recommended to
wear orthoses, exercise regularly and use non-steroid anti-
inflammatory drugs either systemically or locally (ointments
and gels) to stop the pain as needed.

The patients were divided into the main group (moderate/
severe pain in the knee joint) and the control group (mild pain

www.innoscience.ru

or no pain in the knee joint) during their second visit, three
months after the start of observation.

The criterion for inclusion in the CPTP group (main
group) was persistence of moderate or severe pain in the
knee joint on activity or at rest (>4 NRS) that persisted for the
majority of days within the past 3 months. The studied group
consisted mainly of young people with comparable number
of males and females who sustained an injury of the ACL,
the meniscus, or a combination thereof. Among patients
engaged in the study, 48.6% had undergone surgery (ACL
restoration, meniscal suture), 51.4% of patients received only
conservative treatment. The consolidated initial parameters
of patients included in the study follow in Table 1.

According to the plan of the work, all patients, at the
time of inclusion in the study, underwent a comprehensive
examination to identify a group of promising clinical
parameters that can be considered subsequently as risk factors
for the development of CPTP.

Studies of clinical manifestations of each patients were
performed during the first admission, and 3, 6 and 12 months
after the injury. To that end, the following indicators were
used: pain severity on the NRS in motion, at rest and at

e e e

Sex (F/M, %) 48.0/52.0
Age, years; M+o 379+13.1
Body mass index, kg/m?; Mo 25.8+5.1

ACL: 40.0, meniscus: 58.7,
combined ACL + meniscus injury:
16.7, ACL + other condition
(tendinitis, cysts, ligament strain,
etc.): 26.0

Damage of knee joint structures
as per MRl data, %

Surgery (ACL restoration,
meniscal suture, meniscus resection,

combined surgeries), % 488
Conservative methods of treatment, % 51.4
EA%ITESC:Q ?g'tfl‘vgljtgfcentiles] 5.0/[4.0;7.0]
Pains at rest; Me [25"; 75t percentiles] 2.0[0.75; 3.0]
e e e 200030
Mo [25m 75" percanties] 40[3.0:6.0]
KOOS total; M+o 489+ 175
KOOS symptoms; Mto 59.1+19.6
KOOS pain; M+o 58.5 + 16.8
KOOS activity; M+o 65.0 + 20.1
KOOS sports; Mo 33.1+18.7
KOOS quality of life; Mto 39.8+19.8
PainDETECT; Me [25%; 75t percentiles] 6.0[3.0; 9.0]
PainDETECT >12, % 10.0

Me 125+ 75n percenties] 40[1.0; 6.0]
HADS depression >11, % 4.7
HADS anxiety; Me [25%; 75" percentiles] 5.0[2.0; 7.0]
HADS anxiety >11, % 4.0

CSI; Me [25%; 75t percentiles] 22.5[14.75; 32.25]
CSl 2 40, % 8.6

PCS; Me [25th; 75th percentiles] 12.5[7.0; 21.0]
PCS >30, % 14.0
FiRST; Me [25%"; 75" percentiles] 1.0[0.5; 2.0]
FiRST >5, % 1.3
FACIT; Me [25%; 75" percentiles] 11.0[5.0; 19.25]
FACIT 0-13, % 57.3
HAQ; Me [25%; 75t percentiles] 0.375[0.0; 0.75]

Table 1. Characteristics of the initial data of patients included
in the PHOBOS study (n=148)

Tabnuya 1. Xapakmepucmuka UCX0OHbIX OaHHbIX NAUUEHMOB,
BKJTHO4EHHbIX B ucciedoBaHue @OBOC (n=148)
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nighttime; symptom intensity and functional disorders on
the Knee Injury and Osteoarthritis Outcome Score — KOOS
(‘symptoms’, ‘pain’, ‘daily activities’, ‘sports’, ‘quality of
life’, ‘total’ scores); symptoms of neuropathic pain as per the
PainDETECT questionnaire; psycho-emotional disorders as
per Hospital scale of Anxiety and Depression (HAD); central
sensitization (CS) as per the Central Sensitization Inventory
(CSI); pain catastrophizing as per the Pain Catastrophizing
Scale (PCS); fibromyalgia symptoms as per the Fibromyalgia
Rapid Screening Tool (FiRST); fatigue and tiredness as
per the Functional Assessment of Chronic Illness Therapy
(FACIT).

During the study process, the following laboratory indicators
were evaluated in dynamics (as of the moment of inclusion and
3 months later): hemoglobin level (Hb, g/1), ESR (mm/h), CRP
(mg/1), hsCRP (ME/l), NTX, ADAMTS-5, COMP, MMP3 (ng/
ml), MMP9 (ng/ml), MMP13 (ng/ml), substance P (pg/ml).

Besides, in 6 and 12 months, MRI of the knee joint was
performed to visualize the damage to the meniscus and the
ACL, the cartilage, the subchondral bone, presence of effluent
to the joint cavity and their objective assessment (degree of
synovitis, severity of damage to the ACL and the meniscus,
presence of osteitis, etc.). In the course of the study, the MRI
scans of the knee joint were compared at the outset, in 6 and
12 months.

Statistical analysis of results of this study was performed
in the IBM SPSS Statistics 23 software suite. Quantitative
values are presented as averages with the respective standard
deviation (M+0), and in the vase of the lack of the normal
distribution within the group, as medians with inter-quartile
range Me [25th; 75th percentiles]. Qualitative variables were
described with absolute values and respective percentages. In
order to analyze the data, statistical tests were used: Pearson’s
x2-test (contingency table analysis), unpaired Student’s t-test,
for the comparison of quantitative values, Wilcoxon test (x2)
for related samples, Mann—Whitney test for independent
samples, Spearman’s rank correlation coefficient. To assess
the impact of various factors on the outcome of therapy, odds
ratio (OR) calculation with the corresponding 95% confidence
interval (CI) was used. Differences were considered statistically
significant at p <0.05.

The study was carried out in compliance with the provisions
of the Helsinki Declaration of Human Rights. All patients

4,95
5
4
3 2,59
2,12
) 1,921 7 Lss
1,07 1,12
1
0,44 0,53
037 I I 033031 B 002004

0 —

CPTP+ CPTP- CPTP+ CPTP CPTP+ CPTP-

(3 mos.) (3 mos.) (6 mos.) (6 mos.) (12 mos.) (12 mos.)

® Pain in motion = Pain at rest ®Pain in the nighttime

Figure 1. Pain dynamics in patients with and without CPTP from 3 to
12 months of follow-up.

PucyHok 1. [lJuHamuka 6osu y nayueHmos ¢ XITB u 6e3 XINTE ¢ 3
no 12 mecsay HabnodeHus.

signed informed consent to participate in this work. The
study was approved by the local ethics committee of the V.A.
Nasonova Research Institute of Rheumatology (Protocol No.
23 dated 23.11.2022).

m RESULTS

Three months after the inclusion, moderate and severe pain
in motion (>4 NRS) was registered in 58 (39.2%) patients.
Pursuant to the aim of the study, these patients formed the
CPTP group (CPTP+), and patients experiencing less or no
pain (<4 NRS) formed the control group (CPTP-). Besides
more intense pain in motion, the CPTP+ patients had reliably
more intense pain at rest and in the nighttime as compared
to the CPTP- group (p<0.001). The reliable difference in the
pain intensity in motion, at rest and in the nighttime remained
between the CPTP+ and CPTP- groups in the follow-ups after
6 and 12 months (Fig. 1).

Manifestations of neuropathic pain, central sensitization
and fibromyalgia were found in a minor share of patients at
the outset of the study: PainDETECT >12 in 9.8%, CSI >40
in 8.7%, FiRST >5 in 1.4%; manifested psycho-emotional
disorders, in individual patients: HADS depression >11 in
4.6%, HADS anxiety >11 in 3.9%.

Statistically reliable difference between the CPTP+ and
CPTP- groups was found 3, 6 and 9 months in all scores
of the KOOS scale. Other quantitative parameters measured
with PainDETECT, HADS, CSI, PSC, FIRST and FACIT

Parameters CPTP+ CPTP- CPTP+ CPTP- CPTP+ CPTP-
M+§. Me [25th; 75th percentiles] (3 mos.) (3 mos.) (6 mos.) (6 mos.) (12 mos.) (12 mos.)

KOOS total* 57.8+18.2 77.3+20.2
KOOS symptoms* 57.5+19.4 79.4+16.7
KOOS pain* 54.0+13.3 785+ 17.4
KOOS activity* 58.9+15.6 82.3+16.7
KOOS sports* 39.2+12.4 62.2 +18.7
KOOS quality of life* 45.7+11.0 68.1+18.1
PD 8.0[6.0: 10.0] 4.5[3.0; 5.5]
HADS d 4.5[3.0; 5.5] 2.0[1.0; 3.0
HADS a 6.0 [4.0; 8.0] 3.0[2.0; 4.0
csl 26.0[14.0; 35.0] 16.0[12.0; 18.0]
PCS 17.0 [14.0; 19.0] 8.0[6.0; 9.9]
FiRST 1.0[0.0; 2.0] 0.5[0.0; 1.0]
FACIT 13.0[11.0; 17.0] 9.0[7.0; 11.0]

60.9 + 16.7 85.3 +21.4 79.0 + 18.4 88.5 + 18.8
62.8 +15.2 85.3+17.4 72.9+19.0 90.4 +22.1
63.6 £ 17.2 82.3 +20.1 71.9+18.6 90.6 + 18.5
63.8 + 20.1 85.1+19.4 71.9+18.2 90.6 + 21.6
45.1+19.3 69.3 + 20.3 52.8+17.3 78.6 +19.1
52.3+14.8 70.0 +19.7 67.5+ 18.4 85.1+22.2
7.0 [5.0; 8.0] 2.0 [3.0; 4.5] 6.0 [4.0; 7.0] 1.0[0.0; 2.5]
5.0 [3.0; 6.5] 2.5[2.0; 4.0] 4.0 [5.0; 6.0] 2.0 [1.0; 3.0]
7.0 [6.0; 8.0] 3.5[3.0; 4.5] 6.0 [4.0; 7.0] 2.5[1.0; 3.0]
21.0[13.0;25.5] 9.0[6.0;12.0] 15.0[10.0;19.0] 4.0 [3.0; 5.0]
13.0[11.0;150]  5.0[3.0;6.5]  10.0[7.0;12.0]  15[0.0; 2.5]
1.0 [0.0; 2.0] 0.5 [0.0; 1.0] 1.0[0.0; 1.5] 0.5[0.0; 1.0]
11.0[9.0; 135]  6.0[4.0;8.0]  10.0[8.0;12.0]  3.5[2.0;55]

Note. * The difference between the CPTP+ and CPTP- groups after 3, 6 and 12 months is statistically reliable in all KOOS parameters (p <0.05).
Table 2. Dynamics of clinical parameters in the CPTP+ and CPTP- groups after 3.6 and 12 months
Tabnuua 2. [lJuHamuka KnuHu4eckux nokasamenel B epynnax XINTb+ u XIMTB- yepes 3, 6 u 12 mecsaueB
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questionnaires, also differed between the compared groups
in the follow-ups after 3, 6 and 12 months, but this difference
was not statistically reliable (Table 2).

A correlation between the MRI-indicated signs of synovitis
and osteoitis showing the persistent joint inflammation and the
presence of CPTP was found. The data and the outcomes of
recurrent MRI scans after 6 and 12 months showed statistically
significant differences in the frequency of synovitis and
osteoitis finding in the CPT+ group versus the CPTP- group
(Fig. 2).

The incidence rate pf MRI signs of synovitis in CPTP
patients decreased significantly within the follow-up period:
initially, the parameter was found in 67.8% patients, and in 12
months, in 40.7% (p=0.0308). According to the MRI data, the
incidence rate of osteisis did not statistically decrease within
the tear of follow-up: 28.6% at the outset and 20.3% (p=0.107)
by the end of the study.

A credible correlation was found between the development
of CPTP and the female gender (OR = 3.18 (95% CI 1.606-
6.297), p<0.001),injury of the meniscus (OR = 2.132 (95% CI
1.07-4.252), p=0.03), presence of osteitis (OR = 5.734 (95%
CI 2.106-15.609), p<0.001) and synovitis (OR = 2.35 (95%
CI 1.186-4.656), p=0.013) as per the MRI data, past surgery
(decreasing the risk of CPTP development, OR = 0.385 (95%
CI 0.195-0.759), p<0.005), initial severe pain in motion (>7
NRS, OR = 5.553 (95% CI 1.696-18.179), p=0.002), signs of
highly likely central sensitization (CSI >40, OR = 3.915 (95%
CI 1.147-13.368), p=0.021) and manifested depression (HADS
>11, OR = 4.12 (95% CI 1.672-21.983), p=0.05).

No credible differences between the groups of patients
with and without CPTP were found when comparisons were
made in the values of BMI, ALC injury, signs of tendinitis,
concentration of CRP (standard analysis), initial pain at
rest (=7 NRS) and in the nighttime (=5 NRS), severity of
functional disorder (=7 NRS), signs of neuropathic pain
(PainDETECT questionnaire), anxiety (HADS questionnaire),
catastrophization (PCS questionnaire), signs of fibromyalgia
(FIRST questionnaire), and fatigue (FACIT questionnaire).

We saw no statistically significant differences in the plasma
concentrations of the biomarkers (hsCRP, NTX, ADAMTS-5,
COMP, MMP-3, MMP-9, MMP-13 and substance P) in patients
with and without CPTP after 3 and 12 months of follow-up.
There was no statistically credible correlation between the
severity of CPTP and the level of the studies substances.

m DISCUSSION

CPTP was identified in 39.3% patients who suffered ACL
and/or meniscus rupture. In CPTP patients, throughout the
entire follow-up period, greater manifestation of clinical
symptoms was seen that were related to the consequences of
the injury of the knee joint: pain in motion, at rest and in the
nighttime, functional disorders. In each follow-up, credible
differences were seen in all sections of the KOOS scale
(total score, symptoms, pain, activity, sport, quality of life).
Even though after 6 and 12 months the severity of symptoms
decreased in many CPTP patients, their numerical value (both
in the NRS and KOOS) remained statistically credibly high
that those of the patients in the control group.

Despite the fact that the signs of the ‘central constituent’ of
chronic pain were seen only in a minor quantity of patients,
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Figure 2. Dynamics of synovitis and osteitis according to MRI data
depending on the presence or absence of CPTP.

PucyHok 2. [JuHamMuka cuHoBuma u ocmeuma no oaHHsiM MPT
B 3aBUCUMOCMU om Hanuyusi unu omecymemsusi XI1TB.

the numerical values of anxiety and depression (HADS),
neuropathic pain (PainDETECT), central sensitization (CSI),
catastrophization (PCS), fatigue (FACIT) and fibromyalgia
(FIRST) were higher on all stages of follow-up in patients
with CPTP.

The results obtained by us show that CPTP is a
pathophysiological phenomenon related to the specifics of the
‘response’ of the macro-organism to the injury and associated
damage, inflammation and reparative process. At the same
time, the formation and the persistence of CPTP may indicate
development of PTOA.

The high incidence rate of CPTP in this study may be
related to criteria of patient selection for the study. It included
only those patients in whom one month after the injury of the
knee joint at lease moderately severe pain persisted, which
was the reason for seeking medical attention. Our data is
close to the results of foreign research of similar topics. Thus,
L. Lohmander et al. performed a cohort study of 121 young
athletes (average age of 26 years) suffering a rupture of ACL
and showed dissatisfaction of 1/3 of respondents with their
condition (PASS “-*) [13]. S. Van der Graaff et al. followed
up 82 patients with ACL rupture and delayed operation; in 29
(35.4%) of which the pain level 3-6 months after the injury
was >3 NRS points [14]. C. Anthony et al. assessed the need
in opioid analgesics in 4946 patients suffering a knee joint
injury and requiring surgical reconstruction of the ACL [15].
Three months before the surgery, 35% of patients had to take
opioid analgesics on a regular basis, because they were in
intense pain.

We identified a correlation between CPTP and female
sex. Higher risk of development of chronic pain in women
is confirmed by a meta-analysis of 71 studies performed by
H.Andreoletti et al. [16]. This work focused on risk factors
of post-surgery pain. One of the main factors was the female
sex, OR = 1.34. In the review of S. Mills et al. on the problem
of chronic pain it is reported that CPTP is seen more often in
women because they describe the sensation of pain in a more
pronounced, emotional manner [17].

We also found a correlation between the development of
CPTP and structural changes, such as damage to the meniscus,
osteitis and synovitis. The contribution of meniscal damage
to the development of chronic pain was mentioned earlier in
other studies. E.g., C. Maia et al. compared the progress of the
primary OA (n=641) and PTOA (n=104) and showed that the
presence of meniscal injury is associated with severe pain and
disrupts its function [18]. The contribution of meniscal damage
to the development of symptomatic PTOA is confirmed in
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the study of Y. Lu et al. [19]. The authors followed up 974
patients with injuries of the ACL and meniscus and subsequent
reconstruction of the ligament and treatment of the meniscus
averagely 7.5 years after the first surgery. They found
development of PTOA in 22.1% of the cases. The conclusions
of this study confirm that the meniscal damage was a risk
factor of development of post-traumatic osteoarthritis.

Effusion to the knee joint and synovitis (proliferative and/
or exudative) are widely spread visual symptoms identified in
patients both immediately after the joint injury and long after
it. The relation of synovitis and clinical symptoms remains a
controversial question. Thus, T. Perry et al. studied 174 patients
with OA for three years and saw no correlation between the
pain as per WOMAC index and thickening of the synovium
[20]. At the same time, synovitis of specific areas, viz.
Infrapatellar, was associated with severe pain: OR 5.96 (95%
CI 1.22-10.7). On the contrary, in the study of G.Wallace et al.
found a strong correlation between the synovitis identified by
MRI findings and pain in 104 patients with OA [21]. According
to the data of a meta-analysis of 18 studies (n=5907 patients),
E. Alaia et al. established a relation between clinical and MRI
symptoms of OA [22]. Among the latter, synovitis and bone
marrow edema were identified as manifestations of osteitis.

In the study of J. Driban et al., who evaluated the MRI data
of 121 young patients with injuries of the ALC, found bone
marrow edema in 96% patients, but there was no correlation of
this MRI-identified symptom with severity of pain: p = -0.09,
P = 0.25 [23]. Persistence of the bone marrow edema or its
augmentation (increase of area or strengthening of signal from
the existing edema without the increase of the osteitis area)
according to the MRI data for a long period of time may point
at progression of osteodestructive and inflammatory changes,
which shows in the persistence or increase of paint in such
patients. The study of K. Moradi et al. is demonstrative in this
respect: for a period of 4 years, 2430 patients with OA who
underwent MRI were followed up. In 1106 patients, the bone
marrow edema was found to increase, which was associated
with elevated risks of progression of OA as compared to
patients in which the intensity of the edema remained the same
or decreased: OR 1.3; P<0.001 [24].

Development of CPTP is related to initially intense pain
(=7 NRS). In such patients, the level of pain in 6 months
credibly correlated with the level of pain at the outset and
with functional disorder. Based on this is can be suggested
that severe pain and functional disorders point at development
of structural disorders, persistence of inflammation and
dysfunction of nociceptive system. The significance of initial
pain as a risk factor of CPTP development was confirmed in
the meta-analysis of 18 studies (n=5372 patients) presented in
the article by O. Alkassabi et al. [25].

Another factor influencing progression of CPTP was the
presence of depression (HADS >11) and highly probable CS
(CSI=40). The severity of CPTP correlated with the numerical
value of the central sensitization index (CSI), number of
patients with CSI>40 and number of patients with HADS >11.

Despite the absence of the statistically reliable correlation
between the progression of CPTP and BMI, severity of
neuropathic pain (PainDETECT), anxiety (HADS) and
catastrophization (PCS), numeric values of these factors were
higher in patients with CPTP in comparison with patients
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without CPTP. Lack of reliable differences is likely accounted
for by the low prevalence of these manifestations in the group
generally.

The importance of psycho-emotional disorders, CS and
catastrophization in the progression of CPTP was shown in
several articles [26-28]. Specifically, the work of S. Heijbel
et al. evaluated outcomes of total replacement of the knee
joint (TKR) in 8745 patients and found that dissatisfaction
with the surgery depended on the presence of depression and
anxiety: before the surgery, OR 1.23 (95% CI 1.09-1.40), after
the surgery, OR 2.65 (95% CI 2.33-3.00) [26]. The meta-
analysis of 32 studies (n=18792) by J. Li et al. concentrated
on risk factors of postoperative pain in patients after TKR,
and showed the significant contribution of CS, anxiety, and
moderate depression [27]. The data of a meta-analysis of 29
studies (n=10360) by U. Olsen et al. demonstrated a correlation
between pain progression one year after the surgery and
catastrophization: r=0.36 (95% CI 0.24-0.47; p<0.0001) [28].

The influence of psycho-emotional disorders,
catastrophization and CS on the development of CPTP is
caused by a decrease in the pain threshold, hyperalgesia,
increased pain afferentation, the development of neuroplastic
changes and dysfunction of the nociceptive system, which
determine an excessive and emotionally charged reaction to
pain [29, 30].

We were not able to find a reliable correlation between
the level of biochemical markers, namely hsCRP, NTX,
ADAMTS-5, COMP, MMP-3, MMP-9, MMP-13 and
substance P and progression of CPTP. In some papers, these
biomarkers had some correlations with structural changes in
the joints in OA (C-terminal telopeptide of type II collagen
(CTx-1I), COMP, MMP-3) [31, 32]. Some inflammatory
cytokines may elevate immediately following the injury and
remain in the synovial fluid of the injured joint and plasma
of the blood for many months and years (IL-1p, IL-17, IL-
6, TNF-a, macrophage inflammatory protein (MIP)-1, MMP,
tissue inhibitor of metalloproteinase, TIMP), which may point
at chronization of the inflammatory process and progression
of PTOA [33]. The meta-analysis of L.Batty et al. showed the
predictive value of IL-6, MMP-3, CTx-II in the evaluation
of progression of adverse changes after the injury to and
reconstruction of the ALC [34]. The article of H. Higuchi et
al. reports that elevated concentrations of IL-6, MMP-3 and
TIMP-1 in the synovial fluid persisted in persons with ALC
injury for six months [35]. The study of K. Elsaid et al. found
that in 30 cases of injury of ALC, one year after the injury the
synovial fluid still had elevated levels of IL-1p, IL-6, TNF-a,
neutrophilic elastase and sulfated glycosaminoglycan. At the
same time, the synovial fluid of the opposite non-injured joint
did not shoe biomarker levels different from the norm [36].

Biomarker concentration may correlate with signs of joint
inflammation identified on MRI scans. In the article of Z. Zhu
et al., biomarkers of 193 patients with active OA were studied.
It was found that the increase of concentration of IL-6, IL-17
and IL-23 correlated with bone marrow edema [37].

However, some studies do not confirm data on the
correlation between the level of biomarkers and progression
of CPTP. For example, C. Lisee et al. studied the correlation
between development of symptoms after the injury to and
restoration of ACL and levels of MCP-1, COMP, MMP-3 and
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CTx-II in 30 patients. After six months of the study, there was
no correlation between the symptoms and concentration of
biomarkers [38]. The systematic review of O. O'Sullivan et
al. presented the data of 8 studies (n=879 patients), in which
the correlation between concentration of IL-1, IL-6, TNF-a,
COMP and some other biomarkers with clinical and structural
changes in PTOA was not confirmed. The authors concluded
that the differences in methods do not allow comparison of the
results of different studies, and the overall weak connection
between laboratory and clinical data [39].

The absence of correlations between biomarkers and clinical
manifestations in our study may indicate both methodological
problems with the analysis of biomarkers (a small number
of observations, a heterogeneous group), and a true absence
of differences in their concentrations associated with the
peculiarities of the choice of the study cohort (all patients
initially had severe pain and a similar spectrum of structural
changes in the knee joint).

m CONCLUSION

Thus, some of the main risk factors for the development
of CPTP are intense pain, as well as the presence of structural
changes: meniscus damage, synovitis and osteitis according to
MRI data. There is no doubt that in the early stages of the post-
traumatic process, it is such objective factors, indicating the
presence of damage and inflammation, that play a leading role in
the development of chronic post-traumatic pain. Later, they are
joined by elements of dysfunction of the nociceptive system and
psycho-emotional disorders. Although we were unable to detect
statistical significance of the influence of catastrophization,
fibromyalgia symptoms, depression and anxiety, there is an
obvious tendency for these parameters to be more frequent
in patients with CPTP. Therefore, it makes sense to take into
account the signs of dysfunction of the nociceptive system
and psycho-emotional disorders, which can be considered an
important element in predicting the negative trajectory of the
course of PTP and the development of PTOA. =
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