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Fluoroquinolone-associated Tendinopathy

Wen-Chung Tsai, MD, PhD; Yun-Ming Yang, MD

The fluoroquinolones (FQs) are used to treat a wide range
of infections because of their excellent gastrointestinal absorp-
tion, superior tissue penetration and broad-spectrum activity.
Recently, FQ-associated tendinopathy and tendon rupture have
been reported, especially in the elderly and patients with dia-
betes and renal failure. However, these adverse effects do not
appear to be widely known among physicians. Because of the
frequent use of FQs in clinical practice, physicians should be
aware of their potential for severe disability from tendon rup-
ture. Achilles tendinopathy or rupture is among the most seri-
ous side effects associated with FQ use, with reports markedly
increasing, especially with the use of ciprofloxacin. The
histopathologic findings include degenerative lesions, fissures,
interstitial edema without cellular infiltration, necrosis and
neovascularization. There are possible molecular mechanisms
accounting for FQ-associated tendinopathy. First, ciprofloxacin mediates inhibition of cell
proliferation and G2/M cell cycle arrest in tendon cells by down-regulation of cyclin B and
cyclin-dependent kinase 1. Second, ciprofloxacin inhibits the spead and migration of teno-
cytes by down-regulation of focal adhesion kinase phosphorylation. Third, ciprofloxacin
enhances the enzymatic activity of matrix metalloproteinase-2 with degradation of type I
collagen. Management of FQ-associated tendinopathy includes immediate discontinuation of
FQs, rest, non-steroidal anti-inflammatory drugs, physical modalities and eccentric strength-
ening exercise. Tendon rupture may require surgical intervention. (Chang Gung Med J
2011;34:461-7)
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The fluoroquinolone (FQ) class of antibiotics
(e.g., ciprofloxacin, levofloxacin, moxifloxacin)

has been used to treat a wide range of infections
because of its excellent gastrointestinal absorption,
superior tissue penetration and broad-spectrum activ-
ity.(1) The FQs are now recommended for treatment
of community-acquired pneumonia and acute exacer-
bation of chronic bronchitis.(2,3) FQs can also be used

to treat infections such as urinary tract infection,
prostitis and sinusitis.(4)

FQs are considered to be relatively safe and
well tolerated. The most frequently reported adverse
events are gastrointestinal (1-7%), neurological (0.1-
0.3%), cutaneous eruptions (0.5-2.5%), gait distur-
bance (1%), elevation of serum transaminases (1.8-
2.5%), myalgia (< 0.4%) and althralgia (0.4%).(5-7) In
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addition, cumulated case reports indicate that FQs
predispose to tendinopathy and even tendon rupture.

In July 2008, the Department of Health,
Republic of China (Taiwan) issued a warning that
FQs may induce tendinopathy or tendon rupture.
However, physicians do not appear to be familiar
with these adverse effects. Because of the frequent
use of FQs in clinical practice and the potential for
severe disability from tendon rupture, especially in
the elderly, this article reviews the epidemiology,
pathophysiology, molecular mechanisms, symptoms
and signs as well as treatment regimens related to
FQ-associated tendinopathy and tendon rupture.
Physicians need to be reminded of this uncommon
but potentially devastating adverse drug reaction.

Epidemiology
(Achilles) FQ-associated tendinopathy was first

reported in 1983,(8) in a 56-year-old renal transplant
patient who was treated with norfloxacin for a uri-
nary tract infection with septicemia and subsequently
developed Achilles tendinopathy. The first case of
ciprofloxacin-associated tendon rupture was reported
in 1987.(9) Since then, nearly 100 case reports and
case-controlled studies related to FQ-associated ten-
don injury have been published.(10-12)

The mean age of patients with FQ-associated
tendinopathy is 64 years, with a male-to-female ratio
of 2:1, and 27-percent of patients have bilateral
involvement.(13) The incidence of FQ-associated
tendinopathy or tendon rupture in an otherwise
healthy population is rarely reported, and is estimat-
ed to be 0.14% to 0.4%.(14-16) A study from the United
Kingdom calculated the excess risk for FQ-associat-
ed tendinopathy at 3.2 per 1000 patient years.(17) The
incidence of FQ-associated Achilles tendon rupture
was estimated as 2.7 per 10000 patients for ofloxacin
and 0.9 per 10000 patients for ciprofloxacin.(14)

Ciprofloxacin was reported to be the most com-
mon FQ in 90% of FQ-associated tendon disorders,
with the risk of tendinopathy appearing to be dose
independent.(18) Norfloxacin, ofloxacin, pfloxacin and
levofloxacin have also been associated with tendon
disorders.

Risk factors
The reported risk factors for FQ-associated

tendinopathy and tendon rupture include systemic
corticosteroid therapy, renal failure, diabetes melli-

tus, sports activity, history of musculoskeletal disor-
ders and age over 60 years.(17,19,20) Forty-one percent
of the reported patients concomitantly used corticos-
teroids. Some patients had been taking long-term
oral corticosteroids. Others had recieved a corticos-
teroid injection within the past 3 days.(7,9,21-23)

Furthermore, patients older than 60 years were at a
1.5-fold and a 2.7-fold greater risk for development
of tendinopathy and tendon rupture, respectively,
compared with patients less than 60 years of age.(10)

End- stage renal disease was also postulated as a risk
factor, since 12% of cases were associated with renal
disease alone.(9,21,22,24) Other factors such as obesity,
hyperlipidemia and hyperparathyroidism are well-
known risk factors for tendinopathy or tendon rup-
ture, and their risk potential is possibly exacerbated
by concomitant FQ use.(10)

Pathophysiology
There are few reports of FQ-associated tendon

injury in which histopathology was obtained. The
pathologic features of degenerative lesions, fissures,
interstitial edema without cellular infiltration, necro-
sis and neovascularization were demonstrated in a
68-year-old man who had been treated with
pefloxacin for 3 months.(24) Abnormal fiber arrange-
ment and structure with fibrotic areas, hypercellulari-
ty with rounded nuclei, neovascularization, and
increased glycosaminoglycans in the extracellular
matrix were seen. Necrosis has been noted in other
patients who received norfloxacin and
ciprofloxacin.(25,26) The mechanism of FQ-associated
tendinopathy may be related to direct toxicity to the
collagen because of the rapid onset of tendon
injury.(21) It was reported that tendinopathy occurred
hours after a single dose, which further supports
direct cytotoxicity.(27,28)

Molecular mechanisms of FQ-associated
tendinopathy

The exact mechanism of FQ-associated
tendinopathy remains to be investigated. FQs act by
inhibition of bacterial DNA gyrase (topoisomerase
II) which is directly involved in DNA replication and
cell division.(5) Animal studies have demonstrated
disorganization of the extracellular matrix (ECM),
inflammation of the paratenon and degenerative
changes in tendon cells in fluoroquinolone-treated
rats.(29,30) In addition, in a mouse model, pefloxacin



Chang Gung Med J Vol. 34 No. 5
September-October 2011

Wen-Chung Tsai, et al
FQ-associated Tendinopathy

463

was demonstrated to induce a change in proteogly-
can synthesis in the Achilles tendon.(31) Edema and
increased mononuclear cells were noted in the ten-
don sheath of the Achilles tendon in a juvenile rat
model.(31) The fluoroquinolone class of antibiotics has
been documented to exert a number of effects on var-
ious cell types in vitro, including reduced expression
of some ECM proteins,(18,27) decreased mitochondrial
activity,(27) enhanced matrix metalloproteinase
expression,(18,32-34) non-cytotoxic inhibition of tendon
cell proliferation,(18,34) and inhibition of tendon cell
migration.(35)

For the injured tendon, the healing process can
be divided into three overlapping phases: (1) inflam-
mation; (2) regeneration; and (3) remodeling and
maturation.(36) In the regenerative phase of tendon
injury, the tendon cells migrate into the repaired site
and proliferate actively, and are responsible for the
abundant deposition of ECM (mainly type I colla-
gen) in the tissue.(37) In vitro studies have revealed
possible molecular mechanisms of ciprofloxacin-
associated tendinopathy. It was reported that
ciprofloxacin mediated inhibition of cell prolifera-
tion and G2/M cell cycle arrest in tendon sells.(36)

Furthermore, down-regulation of cyclin B and cyclin
dependent kinase 1 as well as mitotic arrest with
misaligned chromosomes and poor bipolar spindle
formation were demonstrated in ciprofloxacin-treat-
ed cells. Down-regulation of check-point kinase 1
and up-regulation of polo-like kinase 1 may further

account for the mitotic arrest. Meanwhile,
ciprofloxacin inhibits tenocyte speading and migra-
tion in a process that is probably mediated by inhibi-
tion of focal adhesion kinase (FAK)
phosphorylation.(36) It was also revealed that
ciprofloxacin affected collagen metabolism by up-
regulating the expression of matrix metallopro-
teinase-2 (MMP-2) in tendon cells at the mRNA and
protein levels. Ciprofloxacin also enhanced the enzy-
matic activity of MMP-2 with degradation of type I
collagen.(34) In addition, immunohistochemistry con-
firmed the increased expressions of MMP-2 in
ciprofloxacin-treated tendon explants ex vivo. The
cellular and molecular effects of ciprofloxacin on
tendon cells are summarized in the Fig. 1. These
findings indicate that ciprofloxacin exerts a negative
impact on migration and proliferation as well as the
collagen metabolism of tenocytes. Thus,
ciprofloxacin might delay a tendon healing process
that may be the cause of FQ-associated tendon
injury.

Symptoms & signs
The clinical manifestation of FQ-associated

tendinopathy is pain, typically of abrupt onset. Other
symptoms include swelling, tenderness, and warmth
or erythema over tendinopathic sites. The Achilles
tendon is most commonly involved in FQ-associated
tendinopathy, occurring in nearly 90% of cases.(38)

Involvement of other tendons, such as the biceps

Tendon cells
+

Ciprofloxacin

• Cyclin B, Cdk1, Chk1 Phosphorylation of MMP-2
• PIK1 focal adhesion kinase

Type 1 collagen
G2/M cell cycle arrest

Proliferation Migration Collagen metabolism

Fig. 1 The flow chart demonstrates the possible molecular mechanisms accounting for ciprofloxacin- associated tendinopathy or
tendon rupture ( : up-regulation; : down-regulation). Abbreviations used: Cdk1: cyclin dependent kinase1; Chk1: check-point
kinase 1; Plk 1: polo-like kinase 1; MMP-2: matrix metalloproteinase-2.
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brachii, supraspinatus, extensor pollucis longus,(39)

quadriceps,(23) peroneus brevis,(24) and epicondylitis
has also been reported.(21) Some patients have bilater-
al involvement. Up to 50% of patients develop ten-
don rupture with nearly 30% of these patients con-
comitantly taking long-term corticosteroids.(19) It is
noteworthy that nearly 50% of tendon ruptures
occurred without warning.(20) Most tendon ruptures
occur after 2 weeks of drug therapy. It should be
emphasized that they can occur as early as a few
hours after the initial dose or up to 6 months later,
with a median duration of 6 days after FQ therapy.(10)

Diagnosis
A history and physical examination are essential

to make the diagnosis. Patients with tendinopathy
should be questioned about antibiotic use in the pre-
ceding 90 days.(28) Most reported patients presented
within 2 weeks of initiation of therapy. Achilles ten-
don rupture can be diagnosed by Thompson’s test
(loss of plantar flexion when the calf is squeezed).

The diagnosis is usually clinical and may be
confirmed by musculoskeletal ultrasound or, more
precisely, magnetic resonance imaging (MRI).
Ultrasonography is an inexpensive, radiation-free,
easily available imaging modality that is commonly
used to define tendinopathy or tendon rupture.
Hypoechoic areas, consistent with degenerative tis-
sue, and a thickened tendon are important sono-
graphic features of tendinopathy.(39) MRI can also be
used to identify tendinopathy or tendon rupture and
can define the precise extent of involvement. It is
also reported that MRI can classify tendinopathy and
detect a risk of rupture.

Treatment
Treatment includes immediate discontinuation

of FQ therapy at the earliest diagnosis of tendinopa-
thy, rest and use of analgesics/anti-inflammatory
medications.(40,41) Physical therapy including ultra-
sound diathermy, electrotherapy, taping and eccentric
exercise can be added to the treatment regimen.
Traditionally, rest was regarded as an effective treat-
ment for tendinopathy. However, there has been a
move toward early rehabilitation for tendinopathy in
both operatively- and nonoperatively- managed ten-
don disorders.(42,43) In controlled trials, heavy-loading
eccentric exercises improved tendon pain in the short
term(44,45) and could lead to normalized tendon struc-

ture.(46) Weight-bearing restriction is applied for 2 to
6 weeks for mild tendinopathy. Tendon rupture can
be treated conservatively by casting and prolonged
rest or, more frequently, by surgery. Immobilization
for 6 weeks to 6 months should be ensured.(7,27) Once
FQ-associated tendinopathy is suspected, a patient
should not be rechallenged with FQ.(27)

Recently, guidelines have been proposed for the
use of FQ in athletes. First, athletes should avoid the
use of FQ antibiotics unless no alternative is avail-
able. Second, oral or injectable corticosteroids
should not be used concomitantly with FQ. Third,
athletes, coaches and training staff should understand
the potential risk of development of this complica-
tion. Fourth, close monitoring should be done for 1
month after completion of FQ use.(47) Physicians, ath-
letes and coaches should follow these guidelines to
prevent FQ-associated tendinopathy or tendon rup-
ture in athletes.

Conclusion
FQ-associated tendinopathy should be consid-

ered in patients with musculoskeletal symptoms who
have recently taken FQs. Discontinuation of the
medication and immobilization of the affected joint
should be immediately initiated once a diagnosis of
FQ-associated tendinopathy is made. Patients’ and
physicians’ awareness should be emphasized to
reduce the morbidity associated with FQ-associated
tendinopathy and rupture by prompting earlier diag-
nosis and treatment.
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