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Summary
News.  —  In  the  last  twenty  years,  sports  activities  have  become  increasingly  important  in  our
modern society,  and  tendinopathy  is  a  common  overuse  injury  in  the  athletic  and  profession-
ally active  population.  The  etiology  of  tendon  pathology,  although  still  poorly  understood,  is
multifactorial  and  involves  both  intrinsic  and  extrinsic  risk  factors,  which  could  precipitate  the
occurrence of  the  pathology  in  predisposed  individuals.  There  are  significant  interindividual
variations in  the  development  and  evolution  of  tendinopathy,  making  them  a  contemporary
challenge in  clinical  practice  and  justifying  the  need  to  recognize  and  correct  any  risk  factor  as
much as  possible.  Given  the  complexity  of  the  etiology  of  tendon  pathology  and  the  difficulty
to establish  their  effective  and  long-term  management,  general  risk  factors  must  be  searched
and identified  in  any  patient  with  chronic  or  recurrent  tendinopathy.
Conclusion.  — Through  this  review,  we  will  focus  on  the  various  systemic  risk  factors  highlighted

in the  context  of  chronic  tendinopathy,  before  proposing  to  address  the  principles  of  precaution
to deal  with  a  patient  subject  to  the  pathology.
© 2021  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Actualités.  —  Au  cours  des  vingt  dernières  années,  les  activités  sportives  ont  pris  une  importance
croissante  dans  notre  société  moderne,  et  la  tendinopathie  est  une  blessure  de  surmenage
courante  dans  la  population  active  sportive  et  professionnelle.  L’étiologie  de  la  pathologie
tendineuse,  bien  qu’encore  mal  comprise,  est  multifactorielle  et  implique  des  facteurs  de
risque à  la  fois  intrinsèques  et  extrinsèques,  qui  pourraient  précipiter  l’apparition  de  la  patholo-
gie chez  des  individus  prédisposés.  Il  existe  d’importantes  variations  interindividuelles  dans  le
développement  et  l’évolution  des  tendinopathies,  ce  qui  en  fait  un  défi  contemporain  dans  la
pratique clinique  et  justifie  la  nécessité  de  reconnaître  et  de  corriger  tout  facteur  de  risque
autant que  possible.  Étant  donné  la  complexité  de  l’étiologie  de  la  pathologie  tendineuse  et  la
difficulté d’établir  leur  prise  en  charge  efficace  et  à  long  terme,  les  facteurs  de  risque  généraux
doivent être  recherchés  et  identifiés  chez  tout  patient  atteint  de  tendinopathie  chronique  ou
récurrente.
Conclusions.  —  À  travers  cette  revue,  nous  nous  concentrerons  sur  les  différents  facteurs  de
risque systémiques  mis  en  évidence  dans  le  cadre  d’une  tendinopathie  chronique,  avant  de
proposer d’aborder  les  principes  de  précaution  à  prendre  face  à  un  patient  sujet  à  la  pathologie.
© 2021  Elsevier  Masson  SAS.  Tous  droits  réservés.
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Keypoints

•  The  etiology  of  tendinopathies,  although  still  poorly
understood,  is  multifactorial  and  involves  both
intrinsic  risk  factors,  including  biomechanical  or
genetic  abnormalities,  and  extrinsic  risk  factors,  in
particular  the  conditions  under  which  the  stress  is
exerted,  which  could  precipitate  the  pathology  in
predisposed  individuals.

•  Given  the  complexity  of  the  etiology  of
tendinopathies  and  the  difficulty  of  effective  and
long-term  management  of  these  tendinopathies,
the  identification  of  general  risk  factors  must  be
carried  out  in  any  patient  with  chronic  or  recurrent
tendinopathies.

•  Through  this  review,  we  will  focus  on  the  vari-
ous  general  factors  highlighted  in  the  context  of
chronic  tendinopathies,  before  proposing  to  address
the  principles  of  precaution  and  development  to  deal
with  a  patient  subject  to  the  pathology.

. Introduction

hronic  tendinopathies  are  frequent  and  represents  dis-
bling  musculoskeletal  disorders,  well-known  to  the  general
nd  sports  populations.  They  can  persist  for  years,  man-
fested  by  persistent  pain  with  functional  impairment,
reventing  participation  in  both  leisure  and  professional
ctivities  [1].

In  the  last  twenty  years,  sports  activities  have
ecome  increasingly  important  in  our  modern  society,  and
endinopathy  is  a  common  overuse  injury  in  the  athletic
nd  working  populations  [2].  The  etiology  of  tendon  pathol-

gy,  although  still  poorly  understood,  is  multifactorial  and
nvolves  both  intrinsic  and  extrinsic  risk  factors,  which  could
recipitate  the  pathology  in  predisposed  individuals.  Ten-
ons  are  connective  tissues  that  behave  like  a  dynamic

t
r
m
r

6

ntity  that  restructures  permanently.  They  are  frequently
ubject  to  injury  during  participation  in  physical  activities;
owever,  tendinopathy  can  also  occur  without  the  notion
f  excessive  effort,  within  the  framework  of  intercurrent
athologies  that  must  be  taken  into  consideration  in  the
verall  care  of  the  patient  [3,4].

There  are  significant  interindividual  variations  in  the
evelopment  and  evolution  of  tendinopathy,  making  them

 contemporary  challenge  in  clinical  practice  and  justifying
he  need  to  recognize  and  correct  any  identified  risk  factor.
n  recent  decades  there  has  been  an  increase  in  the  number
f  publications  concerning  risk  factors  involved  in  the  onset
nd  persistence  of  tendinopathies.  Through  this  review,  we
ill  focus  on  the  various  general  factors  involved  in  the  onset
f  chronic  tendinopathies,  before  proposing  some  principles
f  identification  and  prevention  to  apply  to  a  patient  subject
o  the  pathology.

. Materials and methods

.1.  Source  of  studies  and  search  strategy

ith  our  research,  we  wanted  to  determine  the  different
eneral  risk  factors  for  chronic  tendinopathies.  We  per-
ormed  a  bibliographic  search  on  the  Medline  database  via
ubMed,  Scopus  and  the  Cochrane  Central  Registry  of  Ovid
ontrolled  Trials,  using  different  combinations  of  the  words

 tendon  », « tenocyte  », « tendinopathy  », « chronic  »,
 intrinsic  »,  « extrinsic  » and  « risk  factor  ». The  selected
tudies,  published  between  1987  and  2019,  were  heteroge-
eous  regarding  the  benefits  or  adverse  effects  on  the  risk
f  tendinopathies,  whether  in  humans  or  animals.

.2.  Study  selection  and  eligibility  criteria

ither  original  and  review  articles  were  selected,  and

itles  and  abstracts  were  reviewed.  The  full  text  was
etrieved  and  reviewed  if  the  abstract  suggested  that  this
ight  be  a  study  in  our  topic  of  interest.  Article  refe-

ence  lists  from  general  reviews,  systematic  reviews,  and
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Table  1  Classification  of  general  risk  factors  for  tendinopa-
thy (non-exhaustive  list).

Intrinsic  Extrinsic

Non  modifi-
ables

Modifiables

Age  Diabetes  Drugs
Anatomic

suscepti-
bility

Dyslipidemia  Heparin

Sex Hyperuricemia  Immunosuppressive
therapy

Blood group
O

Dysthyroidism  Corticosteroids

Genetic  sus-
ceptibility

Chronic  inflammatory
disease

Fluoroquinolone

Rheumatoid  arthritis Statin
Crohn  disease Non-steroidal

anti-
inflammatory

Ulcerative  colitisis Vitamin  D
and/or  C
deficiency

Amyloidosis  Dehydration
Tobacco
Inappropriate
physical
practice
Quantity  or
quality  training
modification
Inappropriate
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Table  2  Tendinopathy:  an  exemple  of  clinical
management.

ANAMNESIS
Age
Family  or  personnal  history  of  tendinopathies?
Diabetes,  dysthyroidism  or  chronic  inflammatory  disease?
Blood group?
Last  biology:

Hypercholesterolism,  hyperuricemia  or  vitamin
deficiency?

Familial  hypercholesterolemia?
Episode  of  gouty  arthritis?

History  of  anatomic  trouble
Medication:

Heparin,  immunosuppressive  therapy,  corticosteroids,
antibiotics,  statin,  non-steroidal  anti-inflammatory?

Smoking?
Physical  activity

Quantity  or  quality  training  modification
Inappropriate  sports  equipment

CLINIC
Tendinous  palpation  pain
Isometric  contraction  pain  or  isotonic  excentric  and

concentric  against  resistance  pain
Tendinous  passive  stretching  pain

PARACLINIC  EXAMS
BLOOD  ANALYSIS
Blood  cell  count
Red  cells

Hematocritis
White  cells
Blood  group  ABO—Rhesus
Creatinin
GFR
Uric  acid
Sodium
Vitamin  D
CRP
VS
Blood  glucose
HbA1c
Triglycerid
Total  cholesterol
LDL-cholestérol
HDL-cholestérol
TSH
Free  T4
Estradiol
Testosterone

IMAGING

ECHOGRAPHY  Calcifications?
Fibers  discontinuity?
Peri-  and/or
sports
equipment

eta-analyses  obtained  from  the  search  were  examined
n  order  to  find  any  other  original  research  investigation.
ublications  in  English,  French  and  German  were  included.
inally,  in  order  to  limit  our  review  to  the  general  and
ystemic  risk  factors  of  tendinopathy,  we  did  not  take
n  consideration  specific  anatomical  risk  factors  concern-
ng  a  localized  tendinopathy  (for  example  the  anatomical
eatures  of  the  acromion  in  rotator  cuff  tendinopathies),
hich  constitute  for  each  localization  an  entire  subject  of

esearch.

.3.  Results

fter  database  search,  we  have  obtained  various  general
isk  factors  that  we  have  classified  between  extrinsic  and
ntrinsic  risk  factors,  the  latter  being  divided  into  modifi-
ble  and  non  modifiable  intrinsic  risk  factors,  as  shown  in
able  1.  At  the  end  of  our  review,  recommendations  for  the

anagement  of  general  risk  factors  for  tendinopathy  are
roposed  in  regard  to  either  a  general  or  a  sport  population
f  patients,  as  well  as  an  example  of  a  clinical  management
n  Table  2.

intratendinous  oedema?
NUCLEAR  MAGNETIC

RESONANCE
Asymptomatic
tendinopathy  discovery?
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. Systemic risk factors

.1.  Non  modifiable  intrinsic  risk  factors

.1.1.  Ageing
atural  ageing  during  life  is  responsible  for  a  chronic  degen-
ration  of  tendons  and  a  progressive  dysfunction  of  the
endinous  homeostasis.  It  has  been  demonstrated  that  there
s  a  decrease  in  blood  flow  in  the  regions  involved,  as  well  as

 progressive  alteration  of  the  metabolism  of  tenocytes.  Sev-
ral  studies  have  shown  the  factors  of  the  tendons  natural
geing  process,  including  inflammageing,  reactive  oxygen
pecies  formation,  ageing  stem  cell  population  and  glycation
f  matrix  proteins  [5—7].

Moreover,  the  tendons  stiffness  increases  with  age,  resul-
ing  in  the  decrease  of  the  capacity  of  the  tendon  to  tolerate
he  repetition  of  a  mechanical  stress  [8,9].

In  practice,  a  recent  systematic  review  of  rotator  cuff  dis-
ases  has  identified  a  high  rate  of  rotator  cuff  abnormalities
n  both  symptomatic  and  asymptomatic  patients,  increasing
ith  age  to  a  rate  high  enough  for  degeneration  of  the  rota-

or  cuff  to  be  considered  a  common  aspect  of  normal  human
geing  [10].

.1.2.  Gender
ender  has  been  shown  to  be  linked  with  tendinopathy  by

he  circulating  levels  of  sex  hormones.  Estrogen  receptors
ave  been  identified  in  tendon  tissue,  and  a  study  demon-
trated  a  positive  correlation  between  estradiol’s  blood
evels  and  collagen  synthesis  rate  [11].  For  instance,  women
ave  lower  limb  tendinopathy  during  pre-menopausal  years;
he  risk  of  tendon  pathology  and  rupture  become  similar
etween  men  and  women  after  menopause  [12].  They  have  a
igher  proportion  of  type  III  collagen  which  confers  a  greater
endinous  laxity  [13].

However,  it  has  been  shown  that  the  rate  of  collagen  syn-
hesis  is  lower  in  women  than  in  men,  which  may  contribute
o  a  lower  rate  of  tissue  repair  after  exercise  [14]:  a  com-
arative  study  has  shown  that  weight-normalized  patellar
endon  &  Achilles  tendon  cross-sectional  areas  and  stiffness
ere  similar  in  trained  and  untrained  female  runners,  while

or  males  the  cross  sectional  area  increases  with  training:
ollectively,  these  findings  indirectly  suggest  that  the  abil-
ty  of  Achilles  and  patellar  tendons  to  adapt  in  response
o  habitual  loading  such  as  running  is  attenuated  in  women
15].

Pathological  steroidal  sex  hormones  rate  therefore  could
e  involved  in  the  pathogenesis  of  tendon  pathology.  A
tudy  suggested  that  hormone  replacement  therapy  taken
y  active  post-menopausal  women  may  operate  by  reducing
he  incidence  of  tendon  abnormality  and  significantly  less
endon  thickness,  but  other  studies  are  needed  to  evaluate
he  real  impact  of  hormonal  imbalance  on  tendinopathy  in
rder  to  include  them  definitively  as  risk  factors  [16].

.1.3.  Blood  group
t  appears  that  patients  in  group  O  could  be  more  susceptible

o  tendon  ruptures  than  the  other  groups  and  that  patients
n  group  A  could  be  the  least  likely  to  develop  them  [17]. At
he  time,  this  study  corroborated  with  the  results  of  another
tudy  conducted  by  Witschew  et  al.,  who  had  demonstrated
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he  existence  of  a  protein  involved  in  tendinous  homeosta-
is,  N-acetylgalactosamine  transferase  [18].  They  were  able
o  prove  that  its  activity  was  higher  in  individuals  in  group

 (less  affected  by  tendon  ruptures)  while  it  was  lower  in
ndividuals  in  group  O  (most  affected  by  tendon  ruptures).
t  was  illustrated  through  a  study  among  832  patients  with  a
endon  rupture,  the  frequency  of  blood  group  O  being  signi-
cantly  higher  (52.8%),  and,  among  the  83  cases  of  multiple
uptures  or  re-rupture,  68.7%  of  the  patients  having  a  group

 blood  [17—19].
However,  it  has  to  be  noticed  that  in  a  more  recent  study,

o  correlation  was  found  between  blood  group  and  the  prob-
bility  to  develop  achilles  tendon  rupture,  this  study  being
evertheless  on  fewer  individuals  [20].

.1.4.  Genetic  factors
oncerning  tendinopathy,  a  study  in  twin  patients  revealed  a
eritability  close  to  40%  for  epicondylitis  [21].  At  the  genetic
evel,  any  alteration  affecting  genes  coding  for  the  compo-
ents  of  the  tendons,  such  as  collagen  and  the  extracellular
atrix,  can  lead  to  connective  tissue  diseases.  Several  stud-

es  carried  out  to  find  genetic  factors  involved  in  the  onset  of
endinopathy  revealed  the  polygenic  nature  of  the  pathol-
gy  and  identified  four  genes  whose  alteration  contributes
o  the  onset  of  tendon  pathology:

 the  LOX  gene  codes  for  lysyl  oxidase,  an  enzyme  that  facil-
itates  the  association  of  collagen  and  elastin  fibers  in  the
connective  tissue;

 the  ELN  gene  codes  for  elastin,  which  accounts  for  2%  of
the  dry  weight  of  the  tendons;

 the  ITGB3  gene  codes  for  glycoprotein  IIIa,  which  is  a
subunit  of  many  integrins  and  receptor  complexes  in  the
extracellular  matrix  of  tendons;

 the  COL11A2  gene,  coding  for  the  alpha-2  strand  of  type
XI  collagen,  which  is  particularly  important  in  tendinous
development.

These  genes,  previously  identified  as  being  involved  in
onnective  tissue  diseases,  are  expressed  abnormally  in  the
ontext  of  tendinopathy,  contributing  to  the  functional  char-
cteristics  of  the  pathology  [22].

.2.  Modifiable  intrinsic  risk  factors

.2.1.  Diabetes  mellitus
mong  the  intercurrent  pathologies  associated  with  chronic
endinopathy,  diabetes  mellitus  represents  an  important  risk
actor  and  a  poor  prognosis  factor  of  the  tendon  pathology.
t  is  also  a  risk  factor  for  other  musculoskeletal  diseases,
uch  as  osteoporosis  and  joint  stiffness  [23].

From  an  epidemiological  point  of  view,  shoulder  (mainly
otator  cuff)  and  Achilles  tendon  injuries  were  more
ommonly  observed  in  diabetic  patients.  Concerning  the
houlder,  both  the  retractile  capsulitis  and  the  cuff
endinopathy  are  more  prevalent  in  diabetic  patients  com-
ared  to  non-diabetic  patients.  Concerning  the  Achilles

endon,  diabetes  mellitus  induces  notable  structural,
nflammatory,  and  vascular  changes  in  tendons,  which  may
redispose  diabetic  patients  to  a  greater  risk  of  chronic
endinopathy  and/or  traumatic  rupture  [24].
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From  a  morphological  point  of  view,  the  pathological
lterations  observed  in  the  tendons  of  diabetic  patients  con-
ist  in  the  loss  of  the  white  and  glossy  aspect,  as  well  as  a
hickening  of  the  tendon.  Electron  microscopy  showed  loss
f  collagen  fibers’  organization,  decreased  size  and  focal
egeneration  of  the  fibers  without  inflammatory  cell  infil-
ration.  The  number  of  elastin  fibers  was  also  reduced  [25].

From  a  pathogenic  point  of  view,  several  non-mutually
xclusive  physiopathological  mechanisms  explaining  the
ccurrence  of  tendinopathies  is  recognized  [24]. One  of
he  well-studied  phenomena  is  the  excessive  production
f  terminal  glycation  products  (TGPs),  which  appear  to
lay  a  significant  role  in  the  pathogenesis  of  diabetes-
elated  tendinopathies  [26].  TGPs  are  glycated  proteins
r  lipids  which  are  non-enzymatically  irreversibly  oxidized
fter  exposure  to  carbohydrates,  which  are  increased  in  the
iabetic  patient.  In  human  beings,  it  is  generally  the  lysine
ide  chains  which  are  glycated,  which  are  found  abundantly
n  particular  at  the  level  of  collagen  [27].

.2.2.  Dyslipidemia
GPs  can  also  be  formed  by  glycation  of  high  and  low-density

ipoproteins  responsible  for  the  transport  of  cholesterol
respectively  abbreviated  HDL-C  and  LDL-C).  The  same
echanism  seems  to  be  associated  with  the  tendinopathies

f  the  Achilles  tendon.  Another  theory  explains  that  a  high
lood  lipid  concentration  leads  to  the  passage  of  LDL  in  the
nterstitial  medium,  thus  creating  an  inflammatory  reaction
nd  producing,  accordingly,  their  oxidation.  These  ox-LDLs
ecruit  monocytes  from  the  bloodstream  and  block  them
n  the  tendon.  The  macrophages  will  then  phagocyte  these
x-LDLs,  thus  causing  the  accumulation  of  foam  cells,  com-
onent  of  tendon  xanthoma  [28].  Logically,  the  patients  with
amiliar  hypercholesterolemia  are  predisposed  to  developed
ipid-related  tendinopathy,  that  may  be  expressed  during
he  third  decade  of  life  through  tendinous  pain,  and  may
e  associated  with  the  development  of  tendon  xanthomas.
owever,  associations  between  hypercholesterolemia  and
endinopathy  have  also  been  identified  in  patients  without
amilial  dyslipidemia  [24,29].

.2.3.  Hyperuricemia
ric  acid  and  intrarticular  deposition  of  monosodium  urate

MSU),  well-known  by  rheumatologists  to  cause  gout,  may
lso  be  related  to  the  occurrence  of  tendinopathies.  Indeed,
t  has  been  shown  that  the  deposition  of  intratendinous
SU  induce  an  inflammatory  reaction,  apoptosis  of  the

endinocytes  and  consequently  an  alteration  of  the  extracel-
ular  matrix.  Together,  these  processes  may  lead  to  impaired
endon  function,  and  limit  the  ability  of  the  tendon  to  repair
tself  once  damaged  [30].  Recent  progresses  in  imaging  have
llowed  ultrasonic  detection  of  the  deposition  of  MSU  crys-
als  in  tendinous  structures.  Particularly  Achilles  tendon,
atellar  tendon,  triceps  and  quadriceps  tendons  are  often

ffected  [31].  Corroborating  these  data,  Achilles  tendon
uptures  occur  more  often  in  asymptomatic  patients  with
yperuricemia  than  in  asymptomatic  normouricaemic  sub-
ects  [32].
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.2.4.  Thyroids  Hormones
hyroid  hormones  play  a  central  role  in  regulating  human
etabolism.  In  regard  to  supportive  tissue,  a  recent  study

n  tenocytes  has  demonstrated  the  presence  of  thyroid
ormone  receptors  on  their  surface.  Activation  of  these
eceptors  causes  an  anti-apoptotic  effect  and  stimulates
he  tenocytes  to  produce  extracellular  matrix  and,  hence,
ollagen  [33]. We  know  that  hypothyroidism,  an  extremely
ommon  condition  in  women,  causes  the  accumulation  of
lycosaminoglycans  in  the  extracellular  matrix,  increasing
he  risk  of  calcification  of  the  tendon,  thus  predispos-
ng  it  to  injury  [34].  At  last,  it  has  been  demonstrated
hat  patients  with  simultaneously  a  tendinopathy  and  an
ndocrine  pathology,  for  example  a  thyroid  pathology,  have
arly  symptomatology,  a  longer  natural  history  and  undergo
urgery  more  frequently,  compared  to  a  group  of  control
ndividuals  [35].

.2.5.  Inflammatory  pathologies
t  is  estimated  that  about  2%  of  the  occurrence  of  Achilles
endinopathies  can  be  attributed  to  inflammatory  joint  dis-
rders,  such  as  rheumatoid  arthritis  [36].  A  causal  link
as  recently  been  demonstrated  between  the  occurrence
f  periodontal  disease  and  tendinopathies  [37,38].  Another
tudy  has  focused  on  the  association  between  poor  den-
al  hygiene  associated  to  gingivitis  or  periodontitis  and  the
ecurrence  of  injury  in  high-level  football  players,  and  the
onclusions  goes  in  the  same  way.  The  results  of  this  prelim-
nary  study  indicates  that  poor  oral  health  is  associated  with
epeated  exercise-associated  muscle  cramps,  muscle  or  ten-
on  reinjury  and  multiple  types  of  reinjury  [39].  Specifically,
n  the  case  of  onset  of  insertional  tendinopathies  (or  enthe-
opathies),  etiologies  of  chronic  inflammatory  diseases  such
s  chronic  inflammatory  arthropathies,  periodontal  disease
r  chronic  inflammatory  bowel  disease  should  be  suspected
40].

From  a  pathogenic  point  of  view,  the  important  role  of
roinflammatory  cytokines,  such  as  tumor  necrosis  factor
lpha  (TNF�) and  interleukin  6  (IL-6)  [41],  is  recognized
n  the  pathogenesis  of  chronic  tendinopathies  despite  the
bsence  of  inflammatory  cells  in  or  around  the  lesion  [37].
his  persistent  systemic  inflammation,  even  subclinical  and
f  low  grade,  is  thus  responsible  for  pain  and  morphological
lterations  observed  in  tendinopathies.  In  addition  to  the
onsequences  of  the  increasing  inflammation  on  tendons,
hronically  higher  levels  of  IL-6  and  other  cytokines  are
ssociated  with  fatigue,  a serious  risk  factor  for  (re)injuries
42].

Another  mechanism  explaining  the  occurrence  of
endinopathies  in  the  context  of  chronic  inflammatory
iseases  is  the  imbalance  between  matrix  metallopro-
einases  (MMP)  and  their  physiological  inhibitors,  TIMP
tissue  inhibitors  of  metalloproteinases),  leading  to  matrix
estruction,  worsening  the  repercussions  of  mechanical
verload,  and  ultimately  leading  to  a  predisposition  to  ten-
on  ruptures  [24,43].

It  should  also  be  noted,  in  the  panel  of  intercurrent

nflammatory  pathologies,  that  several  cases  of  amyloidosis
ave  described  spontaneous  tendon  ruptures  and  tenosyn-
vites  as  first  symptoms.  The  mechanism  of  action  on  tendon
s  not  known  but  probably  linked  with  to  the  effects  (poten-
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ially  inflammatory)  of  amyloid  deposits  in  the  tendon  or
ynovial  sheath  [44].

.3.  Extrinsic  risk  factors

.3.1.  Side  effects  of  pharmacotherapy

.3.1.1.  Corticosteroids.  Some  medicines  should  be
voided  especially  in  active  sportsmen  and/or  chronic
endinopathies.  The  use  of  corticosteroids,  although  still
idespread  in  sports  medicine,  remains  controversial  on  its

afety  at  the  tendinous  level.  Indeed,  their  use  as  injected
herapy  seems  to  bring  a  short-term  benefit,  in  particular
y  reducing  pain,  but  the  occurrence  of  adverse  effects  is
bserved  in  nearly  82%  of  the  therapeutic  trials,  including

 decrease  in  tendon  strength,  atrophy  or  even  tendon
upture  [45].  These  effects  are  due,  on  the  one  hand,  to
he  alteration  of  the  metabolism  of  the  tenocytes  and,
n  the  other  hand,  to  the  vasoconstriction  generated  by
ctivation  of  adrenergic  receptors  and  inhibition  of  nitric
xide  synthase  (NOS)  [46].  Therefore  evidence  remains
oo  low  to  promote  the  injection  of  glucocorticoids  in  the
ontext  of  tendinopathies.
.3.1.2.  Low  molecular  weight  heparin.  Thrombin  is  an
nzyme  known  for  its  ability  to  activate  platelets  and  to  con-
ert  soluble  fibrinogen  to  insoluble  fibrin.  Thrombin  though
as  many  biological  properties  similar  to  those  of  growth  fac-
ors:  it  activates  or  releases  matrix-bound  mitogenic  factors
y  catalysis,  and  can  activate  cell  surface  receptors  [47].

Low  molecular  weight  heparin  (LMWH)  inhibits  the  activ-
ty  and  the  generation  of  thrombin  by  inhibiting  coagulation
actor  Xa.  It  therefore  has  been  considered  that  LMWH  at  a
hromboprophylactic  dose  might  inhibit  tendon  repair  [48].
n  a  study  concerning  86  rats  and  the  controlled  healing
f  their  Achilles  tendon,  it  has  been  shown  that  LMWH
elays  tendon  repair  if  given  continuously  with  an  osmotic
ini  pump  for  seven  days,  causing  a  reduction  in  force  at

ailure,  a  reduction  of  stiffness  and  a  reduction  in  energy
ptake;  however  if  injected  twice  daily,  LMWH  had  no  effect
n  tendon  healing,  probably  because  the  anti-factor  Xa
ctivity  between  injections  returns  to  normal,  allowing  suf-
cient  thrombin  stimulation  for  repair.  Those  findings  do
ot  have  been  studied  concerning  human  tendon;  moreover
hey  indicated  the  need  for  further  investigation  on  impact
f  long-acting  direct  factors  Xa  and  thrombin  inhibitors  in
endinopathy  [49].
.3.1.3.  Antibiotics.  Fluroroquinolone-induced
endinopathy  have  been  widely  described  in  the  scien-
ific  literature  [50].  The  severity  of  the  tendon  lesions
eems  to  correlate  with  the  conformation  of  the  active
olecule,  in  particular  the  substitution  at  the  R-7  position

n  the  quinolone  core.  Thus,  there  is  a  higher  toxicity
f  levofloxacin  and  fleroxacin  compared  to  ciprofloxacin
nd  norfloxacin,  the  latter  two  not  having  this  struc-
ural  characteristic.  The  dose-dependent  character  of
his  side  effect  was  also  demonstrated.  Risk  factors  for
uoroquinolone-induced  tendinopathies  include  age  over
0,  concomitant  administration  of  corticosteroids  and  a

istory  of  solid  organ  transplantation.  The  role  of  oxidative
tress,  in  particular  by  altering  mitochondrial  activity,
eems  to  play  an  important  role  in  the  tendon  toxicity
f  fluoroquinolones.  It  is  also  important  to  know  that  the
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olecule  becomes  photo-actived  under  exposure  of  natural
r  artificial  utlraviolet  light,  resulting  in  the  formation  and
ccumulation  of  free  radicals  altering  the  mitochondrial
unctions  [51].

An  other  type  of  antibiotics  has  been  studied  for  its
nteraction  with  tendon  repair.  The  tetracycline  family  of
ntibiotics  has  been  shown  to  inhibit  mammalian  matrix
etalloproteinases  (MMPs)  by  a  mechanism  that  is  inde-
endent  of  their  antimicrobial  activity.  Doxycycline  is
onsidered  to  be  the  most  potent  tetracycline  MMP  inhibitor,
hose  activity  is  mediated  both  by  direct  and  indirect  mech-
nisms  of  action  [52]. The  use  of  doxycycline  has  been
xplored  in  vivo  and  in  vitro,  with  contradictory  findings
egarding  its  efficacy  on  tendon  repair  [53—55].  A  study
emonstrated  the  benefit  of  extended  administration  in  rats
ith  injured  Achilles  tendons,  with  improved  collagen  fibril
rganization  and  enhanced  biomechanical  properties  (stiff-
ess,  ultimate  tensile  strength,  maximum  load  to  failure,
nd  elastic  toughness),  compared  with  limited  doxycycline
dministration  up  to  2 weeks  after  an  injury  and  repair,
he  duration  of  doxycycline  administration  being  an  impor-
ant  factor  in  the  resultant  quality  of  tendon  repair  in  part
ecause  of  the  variation  of  MMP  activity  after  an  injury  [56].
his  study,  while  suggesting  that  MMP  inhibitors  may  improve
he  quality  of  repair  after  Achilles  tendon  ruptures,  high-
ights  the  difficulty  in  achieving  optimal  timing  of  delivery
nd  efficacy  of  improved  tendon  repair  with  MMP  inhibitors.
urther  investigations  are  needed  regarding  the  effects  of
MP  inhibitors  on  human  tendons,  on  different  types  of

epair  model  examined  and  on  long-term  consequences  on
he  repaired  tendon.
.3.1.4.  Statins.  Tendinopathies  induced  by  the  adminis-
ration  of  statins  have  been  described,  but  the  incidence  is
ery  low  in  view  of  the  very  high  number  of  prescriptions
n  the  population  [57].  In  a  series  of  96  cases  of  tendi-
ous  complications,  tendinopathies  were  mostly  Achilles
endinopathies  (52%  of  the  cases)  and  occurred  mainly
uring  the  first  four  months  following  initiation  of  treat-
ent.  Pathophysiological  mechanisms  have  been  proposed

o  explain  the  occurrence  of  tendinopathies  during  statin
herapy,  such  as  the  secretion  of  MMPs  that  has  been
escribed  in  lung  fibroblasts  and  endothelial  cells  [58],  but
hey  remain  poorly  understood  and  hypothetical.  Teams
ave,  among  other  hypothesis,  suggested  the  deleterious
ction  of  statins  on  the  growth  and  differentiation  of  teno-
ytes  [59].

In  one  hand,  experimental  studies  in  rats  has  showed  that
tatins  as  simvastatin,  atorvastatin  and  rosuvastatin  caused

 deterioration  of  the  biomechanical  properties  of  the
chilles  tendon,  with  histopathological  modifications  such
s  foci  of  dystrophic  calcification  [60].  On  the  other  hand,
imvastatin  as  a  statin  has  also  been  reported  to  reduce
brosis  and  protects  against  muscle  weakness  in  an  experi-
ental  model  in  rats  with  a  full-thickness  supraspinatus  tear

61]. Therefore,  statins  may  be  playing  a  detrimental  or  a
otentially  beneficial  role  on  tendon  properties  depending
n  the  amount,  the  timing  and  the  type  of  statin  therapy  in

 particular  patient  [62].

.3.1.5.  Nonsteroidal  anti-inflammatory  drugs  (NSAIDs).
he  influence  of  nonsteroidal  anti-inflammatory  drugs
NSAIDs)  on  tendon  repair  remains  controversial.  Inflamma-
ion  slows  down  the  cicatricial  process  following  collagen



ts  36

d
f
l
t
i
b
i
p
f
p
F
d
o
e
c
e
e
e
d
o
a

m
B
r
e
c
t
a
c
a
t
i
s
l
t
i

3
T
t
r
d
h
c
o
l
m
c
r
t
h
o
i
v
a
[
t
t
t
t

s
b
d

t
K
t
e
m
s
[

o
t
t
y
t
t

t
s
s
c
t

3
T
a
a
t
t
r
[

t
c
h
p
o
i
s
a
a
t
p

3
T
l
M
e
n
o

u
v
t

Science  &  Spor

egradation  and  cell  death  and  therefore  increases  the
unctional  deficit  in  already  hypocellular  and  hypovascu-
ar  structures;  however,  it  has  been  demonstrated  that  it
riggers  paradoxically  the  primary  stage  of  tendon  heal-
ng  by  the  released  growth  factors  and  increased  local
lood  flow,  among  other  via  prostaglandins,  mediators  of
nflammation  and  potent  vasodilators.  These  prostaglandins,
roduced  by  the  cyclooxygenase  enzymes  COX-1  and  COX-2
rom  arachidonic  acid,  are  involved  in  both  the  inflammatory
rocesses  and  in  the  initial  stages  of  tendon  healing  [63].
or  this  reason,  the  use  of  nonsteroidal  anti-inflammatory
rugs  (NSAIDs),  although  commonly  used  in  the  management
f  musculoskeletal  injuries,  should  be  carefully  consid-
red  or  even  avoided.  Studies  have  reported  that  NSAIDs
ould  either  improve  [64],  degrade  [65],  or  have  no  influ-
nce  on  tendon  repair  [66].  This  contradiction  could  be
xplained  by  the  opposite  effects  of  prostaglandins  at  sev-
ral  stages  of  repair,  the  specificity  of  anti-inflammatory
rugs  for  constitutive  COX-1  or  inducible  COX-2,  the  modes
f  administration,  the  effects  specific  to  each  NSAID  and  the
natomical  site  involved  [63].

It  has  been  confirmed  the  early  involvement  of  inflam-
atory  mechanisms  at  the  muscular  level  by  the  research  of
.M.  Lapointe  et  al.,  and  the  negative  impact  with  delayed
ehabilitation  in  rats  treated  with  diclofenac  [67].  These
ffects  were  particularly  obvious  when  administration  was
ontinued  after  the  acute  phase  of  the  inflammatory  reac-
ion,  reflecting  an  impairment  of  skeletal  muscle  repair
nd  adaptation.  Those  results  were  linked  to  a  diminished
oncentration  of  macrophage  subpopulations  in  the  dam-
ged  site,  leading  to  an  incomplete  removal  of  necrotic
issues.  Despite  the  absence  of  needed  evidence  concern-
ng  tendon  repair,  it  could  therefore  be  hypothesized  the
ame  chronology  in  tendon  repair,  and  we  therefore  suggest
imiting  the  use  of  NSAIDs  in  the  first  moments  following
he  acute  trauma,  to  allow  the  beneficial  involvement  of
nflammatory  mechanisms  in  tendon  repair.

.3.2.  Tobacco  consumption
obacco  consumption  is  considered  as  a  well  known  risk  fac-
or  by  the  medical  world,  but  should  it  be  considered  as  a
isk  factor  for  tendinopathies?  Many  previous  studies  have
emonstrated  the  negative  impact  of  nicotine  on  fracture
ealing.  A  randomized  animal  study  which  aim  was  pre-
isely  to  evaluate  the  impact  of  nicotine  on  the  healing
f  seventy-two  supraspinous  tendons  of  rats,  sectioned  at
evel  of  the  humeral  head,  demonstrated  that  the  inflam-
ation  persisted  longer,  and  that  cell  proliferation  and

ollagen  production  were  less  important  in  the  tendons  of
ats  exposed  to  nicotine  [68].  They  concluded  that  nico-
ine  delayed  the  healing  of  the  supraspinatus  tendon  at  the
umerus  in  these  rats  and  thus  played  a  role  in  the  failure
f  rotator  cuff  repair.  A  case-control  study  published  in  2010
dentified  tobacco,  or  rather  nicotine,  known  as  a  potent
asoconstrictor  that  reduces  tissue-level  oxygen  delivery,
s  a  contributing  factor  to  the  pathology  of  rotator  cuff
69].  Subsequently,  a  study  published  in  2012  investigated

he  impact  of  preoperative  smoking  habits  on  rotator  cuff
ears  and  report  a  correlation  between  smoking  habits  and
earing  of  the  rotator  cuff,  more  precisely  the  size  of  the
ear.  They  observed  a  proportional  relationship  between  the

l
V
c
a

11
 (2021)  5—15

everity  of  the  cuff  tears  and  both  the  average  daily  num-
er  of  cigarettes  and  the  total  number  of  cigarettes  smoked
uring  life  [70].

However,  all  the  studies  do  not  go  in  the  same  direc-
ion.  Indeed,  a  case  control  study  conducted  in  the  United
ingdom  in  2014  focused  on  quantifying  the  relative  con-
ributions  of  various  risk  factors,  both  constitutional  and
nvironmental,  to  rotator  cuff  pathology.  This  study  ulti-
ately  excluded  the  involvement  of  previous  or  current

moking  history  on  the  genesis  of  rotator  cuff  tendinopathies
71].

From  a  molecular  point  of  view  tobacco  increases  the  rate
f  reactive  oxygen  species  (ROS).  Besides,  it  is  also  known
hat  these  ROS  cause  intracellular  damage  to  DNA  and  pro-
ein  synthesis  leading  to  cell  apoptosis.  There  has  not  been
et  a clinical  study  on  the  effect  of  ROS  on  tenocytes,  but
hese  effects  have  been  demonstrated  in  other  sites  rich  in
ype  1  collagen,  such  as  cutaneous  tissue  [72].

Most  of  these  studies  have  been  done  concerning
endinopathies  of  the  rotator  cuff.  Moreover,  as  we  have
een,  not  all  studies  are  going  in  the  same  direction  on  this
ubject.  Further  investigations  must  be  carried  out  before
oncluding  definitively  on  the  link  with  these  risk  factors,  for
he  rotator  cuff  and  for  other  anatomical  regions  as  well.

.3.3.  Hydration
he  extracellular  water  content  of  a  tendon  declines  from
bout  80%  to  85%  at  birth  to  approximately  30%  to  70%  in  old
ge.  The  decrease  in  water  and  mucopolysaccharide  con-
ributes  to  the  age-dependent  changes  of  stiffness  of  the
endon.  This  results  in  less  organization  of  the  collagen  fib-
il,  less  stiffness  and  a  reduction  in  the  gliding  properties
73].

Despite  the  general  idea  that  dehydration  is  a  risk  fac-
or  of  tendinopathy,  it  could  be  surprising  to  note  that  no
orrelation  has  been  demonstrated  between  any  level  of
ydration  of  a  person  and  the  risk  of  tendon  injury,  during  a
hysical  activity  or  not.  A  study  has  assessed  the  prevalence
f  trauma  injuries  in  triathletes  and  has  looked  for  contribut-
ng  factors  involved.  The  conclusion  shows  there  was  no
ignificant  association  between  prevalence  of  tendinopathy
nd  hydration  issues  [74]. Once  again,  more  group  studies
re  needed  to  established  a link  between  the  level  of  hydra-
ion  and  the  risk  of  tendinopathy,  especially  in  any  kind  of
hysical  activity.

.3.4.  Nutrition
here  are  still  too  few  studies  to  conclude  on  a  particu-

ar  regimen  that  could  prevent  or  manage  tendinopathies.
oreover,  most  studies  on  the  subject  speak  about  the  ben-
ficial  effects  of  certain  nutrients  on  tendinopathies  and  do
ot  speak  much  about  the  potential  deleterious  effects  of
thers.

A  recent  systematic  review  analyzed  the  most  commonly
sed  nutraceuticals  and  their  effects  on  tendons  [75].  First,
itamin  C,  on  the  one  hand  has  an  antioxidant  role  and  on
he  other  hand  acts  as  a  co-factor  for  the  hydroxylation  of

ysine  and  proline  essential  to  collagen  synthesis.  Therefore,
itamin  C,  which  is  mostly  found  in  fruits  and  vegetables,
ould  be  a  major  contributor  to  prevention  of  tendinopathy
nd  promotion  of  healing.
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Vitamin  D,  a  vitamin  that  can  be  easily  found  in  some
atty  fish  (herring,  mackerel,  salmon,  tuna,  cod  liver  oil.  . .)
nd  egg  yolk,  is  known  to  have  a  direct  impact  on  colla-
en  synthesis  by  tendon  fibroblasts.  It  is  also  essential  to
egulate  inflammation-repair  mechanisms  in  limiting  MMP1
xpression  levels  in  skin-derived  fibroblasts,  reduce  the
nduction  of  prostaglandine  E2  (PGE2)  in  synovial  fibrob-
asts  and  in  ligament  fibrobasts.  Vitamin  D  also  inhibited
steobastic  differentiation  and  calcification  [76].

Curcumin  seems  to  be  an  interesting  spice  in  collagen
amage  as  shown  in  some  studies  [78].  From  a  molecular
oint  of  view,  it  has  been  demonstrated  on  in  vitro  human
enocytes  that  the  anti-inflammatory  and  anti-apoptotic
ction  of  curcumin  was  due  to  its  action  on  the  NF-kB  sig-
aling  pathway.  Other  studies  confirm  its  beneficial  effect  as
n  antioxidant  and  its  ability  to  reduce  advanced  glication
nd  product  of  collagen  (AGE-collagen).  Moreover,  curcumin
ppears  to  inhibit  angiogenesis  and  therefore  may  be  use-
ul  in  reducing  hypervascularization  found  in  inflammatory
endon  [77].  However,  those  findings  needed  to  be  put  in
erspective  of  the  low  bioavailability  of  curcumin.  This  is
inked  to  its  rapid  plasma  clearance  and  to  its  conjugation
n  the  intestinal  lumen,  reducing  the  water-soluble  nature
nd  therefore  the  resorption  [78].

. Recommendations for the management of
eneral  risk factors

n  addition  to  the  usual  modalities  of  recommended  mana-
ement  of  tendinopathies  at  the  present  time  (eccentric
xercises,  biophysical  processes  such  as  extracorporeal
hockwaves  and  therapeutic  ultrasound,  injected  therapies
uch  as  platelet-rich  plasma.  .  .) [2,40],  the  knowledge  in  a
atient  of  general  risk  factors  for  tendinopathies  should  sug-
est  an  overall  and  continuous  care.  An  example  of  a  clinical
anagement  of  general  risk  factors  among  either  a  general

r  a  sports  population  is  proposed  in  Table  2.
In  addition  to  medical  control  of  intercurrent  pathologies

nd  regular  control  of  the  adequate  sport  equipment,  cau-
ion  should  be  exercised  concerning  intensive  and  prolonged
ractice  of  certain  sports  activities.  A  study  of  Fredberg
t  al.  demonstrated  a  significant  relationship  between
symptomatic  ultrasonographic  abnormalities  in  the  ten-
ons,  such  as  altered  collagen  fiber  structure  an  mucoid
egeneration,  and  the  risk  of  developing  symptoms  [79].
he  use  of  ultrasonography  thus  has  been  proposed,  espe-
ially  in  soccer  players,  to  diagnose  tendon  changes  before
hey  become  symptomatic  [80].  It  is  interesting  to  mention
hat,  although  neovascularization  in  the  tendons  increases
n  tendinopathy,  there  are  conflicting  results  concerning  the
alue  of  Doppler  ultrasonography  in  tendinopathy  manage-
ent,  and  there  is  still  a  lack  of  consensus  in  registration

nd  quantifying  this  neovascularization  [81,82].
With  regard  to  diabetes  mellitus,  strict  control  of  the

athology,  particularly  of  glucose  level,  is  recommended
o  slow  down  the  progression  of  symptomatic  and  asymp-

omatic  tendinopathies,  as  well  as  to  improve  the  recovery
f  the  patient.  Insulin  administration  demonstrated  a
ecrease  in  TGP  accumulation,  reducing  the  induced  alter-
tions  in  diabetic  tendons  [24,83].
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Disease  control,  especially  a  controlled  diet,  and  biologi-
al  control  are  recommended  for  dyslipidemia.  It  also  seems
egitimate  to  seek  tendinopathy  during  the  interrogation  and
linical  examination  of  patients  treated  with  statins,  and  in
articular  with  patients  having  factors  favoring  the  occur-
ence  of  this  complication.  Although  tendinopathy  does
ot  jeopardize  the  benefit  of  the  use  of  this  treatment,
hether  in  primary  prevention  or  cardiovascular  secondary
revention  in  patients,  caution  is  recommended  in  case  of
rolonged  physical  exertion  [59].

Concerning  the  hyperuricemia,  a  two-stage  approach,
rstly  urate-lowering  therapy  designed  to  dissolve  MSU  crys-
als  and,  secondly  keeping  uric  acid  below  saturation  point
or  long-life  has  been  recommended.  Imaging  can  be  used
o  evaluate  outcomes  until  MSU  crystals  are  dissolved  [84].

Caution  is  advisable  when  a  patient  is  to  be  covered
y  antibiotic  therapy,  in  particular  with  fluoroquinolone.  It
s  also  important  to  inform  the  patient  about  the  photo-
oxicity  of  the  antibiotic,  with  the  consequent  increased
armfulness  of  sun  exposure  that  may  seem  trivial  [47].
everal  studies  have  demonstrated  an  attenuation  of  the
oxic  effects  of  fluroquinolones  on  tenocytes  during  the
oncomitant  administration  of  antioxidants  such  as  N-
cetyl-cysteine,  anethole  dithiolethione  or  MitoQ,  the  latter
eing  able  to  improve  the  mitochondrial  membrane  perme-
bility  [85,86].

Finally,  when  the  clinical  history  is  unclear  or  the  usual
isk  factors  are  not  found,  it  should  be  kept  in  mind  that
endinopathies  may  be  the  mode  of  entry  for  an  underlying
nflammatory  pathology.  A  visit  to  the  dentist  can  also  be
uggested  to  exclude  an  existing  parodontal  disease  [37,38].

At  the  pharmacological  level,  several  molecules  inter-
cting  with  TGPs,  both  in  terms  of  their  formation  (such
s  pyridoxamine  and  glucosamine)  and  their  elimination
such  as  N-phenacylthiazolium  and  soluble  TGP  receptor
soforms)  are  currently  under  study.  These  molecules  have
emonstrated,  in  experimental  animal  models,  their  effi-
acy  in  reducing  diabetic  tendinous  complications  due  to
GE  formation  [87]. In  addition,  as  previously  stated,  further

nvestigations  on  human  tendon  are  needed  to  incorpo-
ate  the  administration  of  doxycycline  in  regards  of  tendon
epair.

The  current  cost  of  investigations  at  the  genomic  level
nd  new  methods  of  sequencing  exomes  or  the  complete
enome  do  not  currently  allow  their  use  in  clinical  rou-
ine  in  pathologies  considered  to  be  of  low  relative  priority,
ncluding  tendinopathies.  Investigations  of  molecular  and
enomic  interactions  are  nonetheless  promising  areas  for
urther  research  [22].

. Conclusion

iven  the  complexity  of  the  etiology  of  tendinopathies  and
he  difficulty  of  effective  and  long-term  management  of
hese  tendinopathies,  the  identification  of  general  risk  fac-
ors  must  be  carried  out  in  any  patient  with  chronic  or
ecurrent  tendinopathies,  and  particularly  within  the  sport

opulation.  The  objectives  of  this  screening  are  on  the  one
and  the  optimization  of  the  management,  acting  on  the
atient  as  a  whole,  and  on  the  other  hand  the  adoption
f  strategies  of  prevention  of  tendon  pathologies  in  pre-
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isposed  patients.  Finally,  the  introduction  of  a  medication
nown  to  promote  the  onset  of  tendinopathies  must  be  made
ith  the  knowledge  of  the  cause,  both  on  the  part  of  the  clin-

cian  and  the  patient,  allowing  a  lifestyle  adaptation  and  an
ffective  prevention  of  the  tendinopathies  induced  during
he  duration  of  pharmacological  treatment.
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