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The ability of fluoroquinolone antibiotics to adversely
affect tendons has been the subject of many articles and
case reports in the medical literature for nearly three
decades. Clinicians and patients should be aware of the
potential risks that fluoroquinolones pose with respect
to both cause and potentiation of tendinopathy, which is
described as the clinical presentation of pain associated
with tendon loading [1]. Complications, which arising
after fluoroquinolones intake, are able causing temporo-
mandibular joint (TMJ) disorders. This, in turn, reduces
the quality of patients’ life in the future and can lead to
severe consequences and disability. Today is exists the
large number of scientific researches, which are devoted
to study of mechanisms of development the fluoroquino-
lones —associated tendino-and arthropathy. However, the
correlation between the quinolones intake remains poor-
ly understood. Also, in the literature there are no findings
about preventive methods, which are aimed at prevent-
ing the development of tendinopathy after fluoroqui-
nolones intake. Especially, it concerns the TMJ, because
using the standard methods (temporary immobilization
or sparing loads) the above problem is not resolved. This
connected with ensuring of vital functions, such as every-
day chewing at reception of nutrition, speech etc. All the
above indicates the relevance of the issues that we are
considering and require further more detailed study the
relationship between quinolones therapy and the risk of
emergence the temporomandibular joint disorders and
necessity development of preventive measures in case of
fluoroquinolones-induced tendinopathy.

The purpose of this literature review is to discuss
the causes of arising and mechanisms of formation the
fluoroquinolones-associated tendo- and arthropathy for
the further perspectives of development the possible
preventive measures of appearance of fluoroquinolones-
induced changes in the temporomandibular joint struc-
tures.

The first quinolone antibiotic, nalidixic acid, was in-
troduced in the 1960s [2] and this drug has undergone
substantial development since then. Oliphant C.M. and
Green G.M. shown that fluoroquinolones are effective
against both gram-negative and gram-positive bacteria
and can be used to treat a range of infections affecting
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the respiratory systems and those causing prostatitis, skin
soft tissue infections, and sexually transmitted disease.
These medicines are well absorbed when taken orally and
have a long half-life; thus, dosing once or twice per day
can be effective [3]. This group of drugs has a high degree
of penetration into tissues and cells and, thus, shows high
efficiency in severe forms of infection of different etiol-
ogy in any localization of the infectious process and in
multidrug-resistant diseases [4,5,6,7]. However, the side
effects of fluoroquinolones display a high affinity for con-
nective tissue, particularly in cartilage and bone. Authors
of experimental studies have shown that these antibiot-
ics may damage juvenile weight-bearing joints; therefore,
these drugs are contraindicated in children [8].

The pathways underpinning the tenotoxic effects of
fluoroquinolones are unclear [9] but three main mecha-
nisms have been proposed: ischemia, degradation of the
tendon matrix, and adverse alteration of tenocyte activity
[8]. Matrix metalloproteinases are enzymes with degrad-
ing properties that are important in the homeostasis and
response to injury of tendon tissue [10,11]. Fluoroquino-
lones facilitate expression of matrix metalloproteinases
in tendon tissue [10] ciprofloxacin (CPX) in particular has
been shown to increase the expression of matrix metal-
loproteinase-3 in human Achilles tendon—derived cells
and to reduce collagen synthesis via inhibition of teno-
cyte proliferation [1]. CPX administration in vitro could in-
duce a weakness-related phenotype in human tenocytes,
mainly characterized by decreased ability to cross-link
collagen and decreased TIMP-1 levels, possibly leading
to higher activity of MMPs in ECM degradation. There-
fore, CPX treatment may be responsible for the failure of
tenocytes to adequately maintain tendon ECM responses
to mechanical loading in vivo. This hypothesis is strength-
ened by the down-regulation of N-cadherin and CX43,
suggesting a reduced ability for the cell-cell communica-
tion needed to maintain tissue homeostasis [12,13]. On
the basis of these observations, we can hypothesize that
after CPX administration a repetitive loading below the
injury threshold of the tendon could induce degenerative
changes in the composition and organization of tendon
ECM, thus leading to a weakness of the tissue and making
it more susceptible to rupture [14].

Different studies in this field through extensive cell bi-
ology and animal research has partially identified mecha-
nisms by which fluoroquinolones lead to tendon rupture
[15,9]. Today it is known several variants of development
the effect on fine structures of connective tissue. These
medications appear to upregulate multiple matrix metal-
loproteinases (MMPs) including MMP-1 [9], MMP-2 [9]
and MMP-3 [9] resulting to reductions in the diameter
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and amount of type | collagen fibrils [15,9]. Also, fluoro-
quinolones can induce degenerative changes in tenocyte,
vacuole formation, organelle dilatation and apoptosis.
Collagen constitutes 70% of tendon dry weight, of which
90% is type | collagen and 10% is type Il collagen [15]. In
the aortic wall, type | and type Il are also the dominant
forms of collagen [16] thereby suggesting that a medica-
tion contributing to tendon ruptures could also lead to
aortic aneurysms. Figueiredo B.L., Jaldin R.G. have identi-
fied that pathological sections of aortic aneurysms and
aortic dissections demonstrate abnormalities of collagen
content, fibers allocation and ratios ability [10]. Although
aortic aneurysms typically develop slowly, our data sug-
gest that fluoroquinolone prescriptions can contribute
acutely to aneurysm progression and rupture [17].

It is known that different types of collagen are the
chief structural units of connective tissue and all joints in
the human organism. It was found that resent researches
detected the joints and tendon damage of limbs after
fluoroquinolones therapy. However, in our opinion, side
effects after using of fluoroquinolones and associated
with this disorders must be considered in the temporo-
mandibular joint. The TMJ and its associated structures
play an essential role in guiding mandibular motion and
distributing stresses produced by everyday tasks, such as
chewing, swallowing, and speaking [18]. Mandibular con-
dylar cartilage plays a crucial role in TMJ function. It fa-
cilitates articulation with the TMJ disc and reduces point
loads on the underlying bone [19]. It is of the fibrous type
and is therefore structurally different from the generally
applied hyaline articular cartilage. In accordance with the
data of earlier researchers, such as Lunder H.U., Mow V.C.
Mizoguchi I., Salo L.A. the cartilage layer on the mandibu-
lar condyle is from the articular surface to the underlying
bone, composed of several zones: the fibrous, prolifera-
tive, mature and hypertrophic. Essentially, the prolifera-
tive zone serves as a separating barrier between the fi-
brocartilaginous fibrous zone and the hyaline-like mature
and hypertrophic zones. The fibrous zone is composed of
fibroblast-like cells, which have a flat shape. Endoplasmic
reticulum of fibrous zone surrounded by a dense intercel-
lular matrix of collagen fibrils and basic substance. The
proliferative zone plays an important role as a cell reser-
voir and reparative source. It has mesenchymal stem cells
distributed heterogeneously as chondrocyte precursors
for the underlying zones.

The collagen fibers of the fibrocartilage are arranged
in several distinct zones, and are considered to provide
mainly tensile strength to the cartilage. Shear strength
has been suggested to originate from cross-links between
the collagen fibers. Mandibular condylar cartilage differs
from general articular cartilage by the presence of type
| collagen [9]. This is dominant in the superficial zone,
though type Il collagen (the dominant type in hyaline
cartilage) is the main structural compound in the mature
and hypertrophic zones. Collagen type Il is specific for
the superficial zone and collagen type X, was also present
in hyaline cartilage. In articular cartilage, collagen forms
a three-dimensional network and thus impacts its form,
stability and tensile strength and resistance to shear forc-
es. When cartilage is loaded by compression, the low per-
meability of the collagen impedes the interstitial fluid to
flow through the strong collagen network. In the mandib-
ular condylar cartilage, collagen fibers run have optimal
orientation to resist antero-posterior shear forces [19,8].

During normal and abnormal function the joints are
loaded. This causes its cartilaginous structures to deform.
The magnitude of deformation and the resulting stress is,
besides the nature of the applied loads, primarily deter-
mined by the biomechanical properties of the cartilage,
such as stiffness. An understanding of these properties
is important for several reasons. First, they determine
the role of the cartilage as a stress-distributing and load-
absorbing structure [20]. Second, mechanical stress and
strain affects the extracellular matrix synthesis in the car-
tilage [18] resulting in an adaptation of stiffness. Third,
the mechanical properties of the cartilaginous structures
and their alterations by joint loading will also influence
the stresses and strains that occur in the subchondral
layers, which are of critical importance for damages on
the short term and bone remodeling on the long term.
Fourth, precise information about the biomechanical
properties of the articular cartilage is required to develop
suitable joint simulation models, with the distribution of
stress strain in the structures of the joint, were estimated
[20]. This will enable prediction of the effects of mechani-
cal manipulation of the joints in the process of preven-
tion or treatment of joint derangements [20]. Today exist
the data relatively the MMP-3 expression rate correlated
with the degree of joint lesion, while the tissue inhibitor
of metalloproteinase — 3 rate showed an opposite trend.
These findings clearly indicate that psychological stress
may play an important part in the development of TMJ
diseases in rats [16].

The dominant factor in relation to cartilage wear is
age. Both frequency and severity of the cartilage break-
down appear to increase with aging. For example, degen-
erative joint disease occurs typically in the fifth and sixth
decades of life when articular cartilage usually starts to
lose its cellular density and herewith its adaptive capacity
[21]. Age-related changes have also been detected in the
TMJ components [20]. Also, previous studies relating to
fluoroquinolones-associated tendon disorders suggested
that the effect of quinolone use on Achilles tendon rup-
ture tended to be greater among older persons [22].

The major direct cause of mandibular condylar carti-
lage breakdown is overloading. With respect to TMJ-OA,
the mechanism of overloading is probably the same as
that in the other synovial joints. After CPX administration
a repetitive loading below the injury threshold of the ten-
don could induce degenerative changes in the composi-
tion and organization of tendon ECM, thus leading to a
weakness of the tissue and making it more susceptible
to rupture [23]. Collagen type Il is degraded by the first,
while aggrecan, the major proteoglycan in TMJ cartilage,
is degraded by both. MMP-1, -3 and -9 are abundantly
present in cartilage and synovial fluid in joints under
pathologic conditions. Cyclic tensile pressure has been
demonstrated to up-regulate the expression of MMP-13
[24,1,8].

According to National Institute of Dental and Cranio-
facial Research in 2011-2016 diseases of the TMJ were
the most widespread pathology in the maxillofacial re-
gion. Epidemiology reports state temporomandibular
joint disorders (TMD) affect up to 25% of the population,
yet their etiology and progression are poorly understood.
As a result, treatment options are limited and fail to meet
the long-term demands of the relatively young patient
population. TMD are a class of degenerative musculo-
skeletal conditions associated with morphological and
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functional deformities [18]. Though, in most cases is hard 3. Understanding the issues of arising and formation
enough to identify causes and symptoms of this pathol-  of fluoroquinolones — induced deformities in the tem-
ogy [25,21,23]. poromandibular joint, exactly in its structures, allows to

Conclusions predict and development the preventive measures of

complications of fluoroquinolones-associated disorders
in the temporomandibular joint and, thereby, improve
the quality of patients’ life during and after quinolones

1. Analysis of the latest literature shows, that fluoro-
quinolones treatment leads to appearance of tendino-
and arthropathy that refers to temporo-mandibular joint. therapy

2. Pathways that underlie the tendino-toxic effect and Conflicts of interest: all authors disclose no financial

mechanisms of development of fluoroquinolone — in-  or personal relationships with other people or organiza-
duced tendino- and arthropathy still are unclear under-  tions that could potentially and inappropriately influence

stood. (bias) their work and conclusions.
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NEPCMEKTUBU PO3POBKU MOX/INBUX 3ANOBIXKHUX 3AXOAIB PO3BUTKY GTOPXIHONNOHIHAYKOBAHUX
3MIH B CTPYKTYPAX CKPOHEBO-HUHbOLLEJIEMHOIO CYIJIOBA

bypera lO. O., Macnosa I. M., bypera I. |O.

Pesiome. MeTolo LbOro ornagy nitepaTypu, € BCTAHOB/IEHHA NMPUYUMH BUHUKHEHHA Ta MeXaHi3miB GopmMyBaHHA
TEeHOo- | apTponartii, NoB’A3aHKX 3 Tepanieto GTOPXiHONIOHAMMK, ANA BU3HAYEHHA NOAA/bLIMX MEepPCreKkTUB Po3pobKu
MOXAMBUX NPOdINAKTUYHMX 3aX04,iB, Wo byayTb 3anobiraTtn po3BUTKY GTOPXIHONOH-IHAYKOBAHMX 3MiH B CTPYKTYpax
CKPOHEBO-HUMKHbOLLENEeNHoro cyrnoba. 34aTHicTb aTMBIOTUKIB rpynn GTOPXIHONOHIB HEraTUBHO BNIMBATU HA CYXOXKUII-
Nna 6yna npeiMeTom YNCAEHHMX CTaTel i NOBIAOMAEHb NPO BMNAAKN PO3PUBIB 3B’A30K B MeANYHI MPaKTUL MPOTArom
MalixKe TPbOX AeCATUNITb. KNiHiLMCTK i nauieHTn NoBMHHI ByTH iHGOPMOBaHI NPO NOTEHLiMHI pU3UKK, AKi GTOPXiIHONOHM
CTBOPIOIOTb MO BiHOLIEHHIO AK NMPUYUHK i NOTEHLiIOBAHHA TEHAIHOMNATIN, AKi ONUCYOTLCA KAIHIYHO AK Npossu 6onto,
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MOB’A3aHOr0 3 HABAHTAXKEHHAM Ha CYXOXWANA. YCKAAAHEHHSA, WO BUHUKAOTb NicaA npuitomy GTOPXiHONOHIB, 34aTHI
BMK/IMKATU PO3/1aan B CTPYKTYPaxX CKPOHEBO-HUMKHboLLenenHoro cyrnoba (CHLLC). Lie, B cBOtO Yepry, 3HUXKYE AKICTb
YKUTTA MALEHTIB B MalibyTHbOMY | MOXKe NPU3BECTM A0 TAXKKMX HAC/iAKIB i HaBiTb iHBanigHOCTI. CboroAHi icHye BennKa
KiNbKiCTb HAaYKOBMX AOCNIAMKEHb, AKI NPUCBAYEHI BUBYEHHIO MEXaHi3MiB PO3BUTKY PTOPXiHONOHIHAYKOBAHWUX TeHAO-i
apTponartii. OgHaK Kopenauia MixK NPUMOMOM XiHOMIOHIB i PO3BUTKOM XiHONOHIHAYKOBaHWUX TeHAO Ta apTponaTiin CHYC
3a/IMLWAETLCA NOraHO BMBYEHOM. Kpim TOro, B NiTepaTypi HEMAE HiAKMX BMCHOBKIB NPO MeToau NpodinakIuKku, Aki
CNpAMOBaHi Ha 3anobiraHHA PO3BMTKY TEHAONATIM NicAsA NikyBaHHA pTopxiHoNoHamK. Ocobamnso Le ctocyeTbea CHLLC,
TaK AK 33 ONOMOrOH0 NPOTOKONbHUX METOAiB (TMMYacoBoi iMMobini3aLii abo 06MeXKeHHs HaBaHTaXKeHHs) LA Nnpobne-
Ma He byae BupiweHa. Lie nos’a3aHo i3 3a6e3neyeHHAM NOBHOLIHHOT apTURYAALIT 419 BUKOHAHHSA KUTTEBO BaXK/IMBUX
bYHKLUM, TaKMX AK NOBCAKAEHHE KYBaHHA NPW NPUIMOMI i3Ki, MOBM i T. i. Bce BMLLEe3a3HauYeHe BKa3ye HA aKTyasbHICTb
MUTaHb, L0 PO3MAAAITLCA HAMM i AKI BUMAraloTb NoAanblioro, 6ifblWw AeTasbHOro, BUBYEHHA B3aEMO3B'A3KY MiXK
Tepanieto GTOpXiHONOHAMM, PUIUKOM BUHUKHEHHA po3iaais B cTpykTypax CHLLC i HeobxigHicTio po3pobku npesex-
TUMBHMX 3aX0AiB B pa3i Tepanii ¢TopxiHoNOHaMM.
KntouoBi cnoBa: CKpOHEBO-HUMKHbBOLLENENHNUIN Cyrnob, GTOPXIHONOHU, KONareH, XpsLy, 38’A3Ku1, pO3pwmB.

NMEPCNEKTUBbI PASPABOTKU BO3MOXHbIX MPEBEHTUBHbIX MEP NMPU PA3SBUTUN ®TOPXUHONOHUHAYLU-
POBAHHbIX U3SMEHEHUM B CTPYKTYPAX BUCOYHO-HUMKHEYE/TKOCTHOIO CYCTABA

Bypera 0. A., Macnosa WU. H., bypera WU. 0.

Pestome. Llenbto gaHHOro ob3opa /MTepaTypbl, ABAAETCA BbiABAEHWE NPUYUH BOSHUKHOBEHWA U MEXaHU3MOB
bopMMpPOBaHUSA TEHAO- U apPTPONATUIA ANs ONpeseneHna AanbHENWNX NepcrneKkTMB pa3paboTKM BO3MOMKHbIX Npodu-
NIAKTUYECKUX MEPONPUATUIA, KOTOpble ByayT NpeaoTBpalLaTh pa3suTMe GTOPXMHONOH-MHAYLUMPOBAHHBIX M3MEHEHUM
B CTPYKTYPax BUCOYHO-HUMKHEYENOCTHOrO cycTaBa. CnocobHOCTb aHTMBMOTMKOB rpynnbl GTOPXMHONOHOB HEFAaTUBHO
B/IVATL HA CYXOXKMMA Bbl1a NPeAMETOM MHOTOYMUCEHHbIX CTaTel U COOBLLLEHWIA O CyYasnx Pa3pblBOB CBA3OK B Meu-
LMHCKOM NPaKTUKe B TEYEHWNE MOUTU TPexX AeCATUNETUIN. KAMHULMCTbI M NaLMeHTbl 4ONXKHbI 6bITb 0OCBEAOM/IEHbI O MO-
TEHLMaNbHbIX PUCKAX, KOTOPble GTOPXMHONOHBI CO34AL0T MO OTHOLIEHUIO K MPUYMHE U MOTEHUMPOBAHUA TEHAOMNATUN,
KOTOpble ONUCbIBAETCA Kak BO3HMKHOBEHWE 60NeBOro CMHAPOMA, CBA3AHHOTO C HAarpy3Kom Ha cyxoxkuane. OcnoxHe-
HWA, KOTOPbIE, BO3HUKAIOT Nocse npuema GTopXMHONOHOB, CNOCOOHbI BbI3BaTb PACCTPOMCTBA NONHOLLEHHOIO GYHKL M-
OHMPOBaHMSA BUCOYHO-HUKHEYENOCTHOTO cycTasa (BHYC). 3T0, B CBOO ouepesb, CHUMKAET KauecTBO KU3HWU NaLMEeHTOB
B OyayLLEM W MOMKET NPUBECTM K TANKE/bIM MOCNEACTBUAM U AaXKe MHBANMAHoOCTU. CerogHs cyuiectsyeT 6onbluoe
KONMYECTBO Hay4HbIX UCCNEAOBAHUM, KOTOPble NMOCBALLEHbI U3YYEHUIO MEXAaHW3MOB Pa3BUTUA GTOPXMHONOH-UHAY-
LMPOBAHHbIX TEHAO- M apTponaTtnii. OL4HAKO KOPPEensaums mMexay npuemMmom XMHOMNOHOB MU PasBUTMEM XMHOOHACCO-
LMMPOBAHHbIX OC/IOXHEHWUI OCTAEeTCA NJI0X0 U3y4YeHHOM. Kpome Toro, B iMTepaType HeT HUKaKMX BbIBOAOB O MeToAax
NPoGUNAKTUKN, KOTOPbIE HAaNPaBAeHbl HA NPeaOoTBPALLEHNE PA3BUTUA TeHAoNaTMe nocae npuema GTopXMHONOHOB.
OcobeHHo 370 KacaeTcsa BHYC, Tak Kak € MOMOLLbO CTaHAAPTHbBIX METOAOB (BPEMEHHON MMMOBUAN3ALMY UAK WAaA-
LLMX Harpy3oK) Npobaema He MOXKeT bbITb pelleHa. ITO CBA3aHO C obecneyeHnem KM3HEHHO BayKHbIX QYHKLUMIA, TaKUX
KaK »KeBaHWe Npu npueme nuLLM, pedb 1 T. . Bce BbilleckasaHHOE YKa3bliBAEeT Ha aKTyasIbHOCTb NPob6iembl, KOTOPYHO
Mbl paccMaTpuBaem U TpebyeT fanbHelwero bonee AeTasbHOMO M3y4yeHMs B3aMMOCBA3N MeXKay Tepanven GTopxu-
HOIOHAMM, PUCKOM BO3HUKHOBEHMSA HapyLLUEeHWI B CTPYKTypax BHYC 1 HeobxoamMmocTblo pa3paboTkmn NpeBeHTUBHBIX
Mep B C/ly4ae eveHnsa GToPXMHONOHAMM.

KntoueBble €10Ba: BUCOYHO-HUKHEYENIOCTHOM CycTaB, GTOPXMHONOHDI, KOAIAreH, XpsLL, CBA3KM, Pa3pbIs.

PERSPECTIVES OF DEVELOPMENT THE POSSIBLE PREVENTIVE MEASURES OF APPEARANCE OF
FLUOROQUINOLONES-INDUCED CHANGES IN THE TEMPOROMANDIBULAR JOINT STRUCTURES

Burega Yu. O., Maslova I. M., Burega I. Yu.

Abstract. The purpose of this literature review is to discuss the causes of arising and mechanisms of formation
the fluoroquinolones-associated tendo- and arthropathy for the further perspectives of development the possible
preventive measures of appearance of fluoroquinolones-induced changes in the temporomandibular joint structures.

The ability of fluoroquinolone antibiotics to adversely affect tendons has been the subject of many articles and case
reports in the medical literature for nearly three decades. Clinicians and patients should be aware of the potential risks
that fluoroquinolones pose with respect to both cause and potentiation of tendinopathy, which is described as the
clinical presentation of pain associated with tendon loading. Complications, which are arising after fluoroquinolones
intake able to cause temporomandibular joint (TMJ) disorders. This, in turn, reduces the quality of patients’ life in
the future and can lead to severe consequences and even disability. Today is exists the large number of scientific
researches, which are devoted to study of mechanisms of development the fluoroquinolones — associated tendino-and
arthropathy. However, the correlation between the quinolones intake and development of quinolones — associated
complications remains poorly understood. Also, in the literature there are no findings about preventive methods,
which are aimed at preventing the development of tendinopathy after fluoroquinolones intake. Especially, it concerns
the TMJ, because using the standard methods (temporary immobilization or limited loads) the above problem is not
resolved. This connected with ensuring of vital functions, such as everyday chewing at reception of nutrition, speech
etc. All the above indicates the relevance of the issues that we are considering and require further more detailed study
the relationship between quinolones therapy and the risk of emergence the temporomandibular joint disorders and
necessity of development of preventive measures in case of fluoroquinolones-induced tendinopathy.

Key words: temporomandibular joint, fluoroquinolones, collagen, cartilage, tendons, rupture.
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