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the pathogenesis and molecular biology of arthrofibrosis com-
pared to other fibrotic diseases,' there are common pathogenic
pathways. 68

This review highlights current progress in understanding
the pathogenesis of sterile arthrofibrosis, focusing on arthrofi-
brosis of the knee to illustrate the condition. The regulation of
inflammation, myofibroblast proliferation and survival and ECM
production involves a highly complex array of mediators, cell
types, receptors and interactions. A detailed explanation of all of
these factors is beyond the scope of this review; therefore, we
present a summary of the important cytokines and mediators
involved in the condition. In addition this review examines
currently available medications and developing pharmacologi-
cal therapies that hold significant promise in the treatment of
arthrofibrosis.

Fig. 1 a Side view cross-section showing a healthy knee. b A knee
with generalised arthrofibrosis. Major areas that are affected by
arthrofibrosis are indicated. Black arrow = suprapatellar pouch. In
“b"” adhesions have pulled the walls of the pouch together
with extracellular matrix (ECM) contracting the space and prevent-
ing normal movement. Green arrows = posterior capsule. In “b”
scar tissue has contracted the folds of the posterior capsule,
tightening them and affecting movement. The normal gutters at the
side of the joint and the other bursae can also be affected. Blue
arrow = anterior interval and infrapatellar bursa. In “b” inflammation
and scar tissue has contracted the anterior interval and pulled the
patella downwards, resulting in patella infera (baja). The patellar
tendon adheres to the anterior interval and shortens, restricting
movement
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CHARACTERISATION AND CLASSIFICATION OF
ARTHROFIBROSIS
Although arthrofibrosis is often attributed to surgery, it can be
caused by injury alone.' This may be particularly true for shoulder
arthrofibrosis (frozen shoulder), where the cause is often not
known,® but which may result from repeated small injuries over
time, or damaged structures that place ongoing stress on the joint.*'
The extent of involvement of the joint varies greatly. The formation
of ECM may be localised, for example, cyclops lesions on tendons or
generalised to involve much of the joint®'? (Fig. 1). In knees the
suprapatellar pouch, anterior interval, intercondylar notch, medial
and lateral gutters, posterior capsule and infrapatellar fat pad (IFP or
Hoffa's fat pad), may all be affected® with symptoms varying
depending on the location and extent of the ECM and adhesions,
but typically involving loss of flexion and/or extension (see above).
When the posterior capsule is affected contracture of ECM often
prevents full extension of the leg, causing abnormal gait> ECM
around the IFP causes patella infera (also called patella baja,
Fig. 2). Shortening of the patellar tendon also contributes to this,

Fig. 2 a Sagittal fast spin echo intermediate-weighted image of a
33-year-old woman with clinical stiffness following anterior cruciate
ligament (ACL) reconstruction, showing scarring of the synovium
around the ACL reconstruction (long arrow) as well as the central
portion of the deep infrapatellar fat pad (short arrow) and the lining
of the suprapatellar recess (oval). b Magnetic resonance imaging of
the knee of a 49-year-old male with clinical stiffness 2 months
following a meniscus operation, showing deep infrapatellar fat pad
scarring (long arrow) and shortening of the patella tendon (short
arrow) with resultant patella infera (abnormally low lying patella)
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leading to patellofemoral pain®??* and often osteoarthritis (OA) at

a later stage. The IFP may become fibrotic and impinge in the joint
when the knee is flexed, creating further inflammation and
fibrosis, loss of flexion and pain.>* The IFP is a store of immune
cells that secrete inflammatory cytokines under stressful condi-
tions®®> (see “Risk assessment”), and can fill with ECM when
adipose cells transform into fibrous tissue.?®

The causes of arthrofibrosis are poorly understood,”” and
explanations frequently depend on the training of authors. Shoulder
arthrofibrosis has been recognised as an inflammatory condition for
some time,?® however, orthopaedic surgeons specialising in knees
have traditionally cited physical/mechanical causes such as poor
surgical technique and non-compliance of patients in rehabilitation
(for example,”??72°). Nonetheless, the role that inflammation plays
in arthrofibrosis is increasingly being recognised by the surgical
community.®'?*" Studies by immunologists and rheumatologists
demonstrate that dysregulation of the immune system and wound
healing processes, including inflammatory chemokines, cytokines
and proteins, leads to fibrosis'® following an insult such as surgery.
Indeed, surgery to treat anterior cruciate ligament (ACL) injury has
been associated with a significantly higher risk of arthrofibrosis than
conservative management.?® Immobilisation is also frequently cited
as a contributing factor.'*'®

Understanding arthrofibrosis, its causes, rates of occurrence and
the success or failure of treatments has been complicated because
the condition was poorly defined.? Definitions have varied widely
and are sometimes subjective, as are measures of treatment
outcomes.®® Recently, an international panel of experts from
multiple medical disciplines developed a consensus definition and
classification of knee arthrofibrosis, which stated “post-operative
fibrosis of the knee was defined as a limited ROM in extension
and/or flexion”, measured by active flexion and extension, which
was not caused by infection of other specific causes.? Mild,
moderate and severe arthrofibrosis was classified as flexion range
of 90°-100°, 70°-89°, and less than 70°, respectively, and/or a loss
of extension of 5°~10°, 11°-20° and more than 20°, respectively.>
The presence of pain was acknowledged as being an important
aspect of the condition. This consensus definition should assist
arthrofibrosis research and should be widely applied.

The Shelbourne classification®* has been widely used for knee
arthrofibrosis in the past, but was developed from patients with
arthrofibrosis arising from ACL reconstruction. Using these criteria
a diagnosis of arthrofibrosis requires a loss of extension, excluding
many patients with debilitating arthrofibrosis that have pain and a
loss of flexion but not a loss of extension. For example, a recent
case report identified a young woman with arthrofibrosis who had
only minimal loss of ROM, but considerable pain, inflammation
and disability.'? The presence of excessive ECM was confirmed by
arthroscopy.

It is sometimes stated that arthrofibrosis is a rare complication
of surgery®®; however, some authors describe the condition as a
common complication of total knee replacement (TKR) and ACL
reconstruction surgeries®*33>737 Estimates of the rates of
arthrofibrosis following ACL reconstruction range from 2% to
35%,”%%° and after TKR between 0.2% and 10%® with others
reporting rates up to 15% (ref3? and references within).>?> One
large study of TKRs in more than 64 000 patients in the US found
that rates of arthrofibrosis for which revision surgery was
performed was 0.2%.%® However, Abdul et al. reported post-TKR
rates of arthrofibrosis of between 3% and 10%,*® and rates of 4%"'
and 12%"2 have been reported, with one review paper citing rates
of stiffness from 8% to 60% following a TKR.3®

In a study by Werner et al.> all surgeries in a national sample of
specific cohorts for non-TKR knee surgeries were investigated.
Rates of arthrofibrosis requiring a manipulation under anaesthesia
(MUA) or arthroscopy within 6 months of the initial surgery were
up to 8%. This study showed that rates of arthrofibrosis requiring
surgical treatment were significantly higher for ACL reconstruction
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compared to meniscectomy and microfracture.”> However, even
exploratory arthroscopies are capable of causing arthrofibrosis.'?

While some of the confusion about the rates of post-operative
arthrofibrosis are due to the lack of an agreed definition,*? other
factors most likely come into play too. Papers may not reflect the
true rates of arthrofibrosis*® due to reporting bias. Actual rates of
arthrofibrosis following surgery are likely to be higher than the
reported rates, since patients may not be treated surgically.’
Registries of joint replacement outcomes do not include
arthrofibrosis unless the patient undergoes a surgical procedure
to exchange or remove prostheses,>” and the incidence of
untreated arthrofibrosis is unknown.

Arthrofibrosis is a form of fibrosis** and common pathogenic
pathways occur in fibrosis of organs and tissues.'>'”***> However,
specialised cell types in some organs may have organ-specific
influences.”® In fibrosis myofibroblasts are activated and dysregu-
lated as a result of inflammation,*® and inflammatory cytokines are
known to upregulate the factors that induce arthrofibrosis.**

Despite the increasing use of preventative measures after
surgery, it appears that arthrofibrosis rates have remained
relatively constant.?® A lack of an understanding of the role that
inflammation plays in arthrofibrosis can lead to overly aggressive
physical therapy programmes, with papers frequently recom-
mending K ggressive” physical therapy as soon as possible after
surgery.”*?4#8 However, aggressive exercise can initiate or
worsen arthrofibrosis***® because exercise triggers an inflamma-
tory response* including an increase in inflammatory cytokines,
collagen production and TGF-B,>*°! factors that are dysregulated
in fibrosis (see below). Some patients on international knee forums
report that their symptoms either began or became significantly
worse after they were instructed to “push through the pain”
during rehabilitation, or performed more strenuous exercise.

TWO “TYPES” OF ARTHROFIBROSIS?

Pain and some degree of inflammation are recognised symptoms
of arthrofibrosis,>* yet some papers on knee arthrofibrosis only
discuss “stiffness” as a symptom, for example,®'"*? and either
specify a painless joint,” or do not mention pain and inflammation
at all. We suggest that what is termed “arthrofibrosis” may be two
different conditions, (1) an active condition in which ECM
formation and inflammation are continuous processes driven by
positive feedback loops and (2) residual arthrofibrosis, in which
the joint has limited ROM due to existing ECM, but the active
inflammatory and ECM deposition phases have resolved. The
presence of the inflammatory cytokines tumour necrosis factor
alpha (TNF-a) and interleukin-13 (IL-1B) in acute pulmonary
fibrotic tissue, but not in older fibrotic tissue,® suggests one
way in which active and residual fibrosis may differ, and an
explanation in part for differing pain levels between the two
arthrofibrosis groups, but research is lacking.

Misdiagnoses may complicate the understanding of arthrofi-
brosis. For example, Pujol et al.>* describe two types of patients
with arthrofibrosis, those with swelling and pain in addition to loss
of ROM, and those with primarily a loss of ROM. The first group of
patients is described as having complex regional pain syndrome
(CRPS), a type of neuropathic pain caused by nerve damage, and
the authors recognise that this group of patients should not be
operated on. However, there are no specific diagnostic tests for
CRPS, and no clinical features that identify it.>*>> Consequently,
the diagnosis of CRPS is made in the absence of other
explanations for pain and swelling, and it remains a controversial
diagnosis.>**>

Without publically available blood tests for arthrofibrosis, it
seems likely that many patients that have been diagnosed with
CRPS do in fact have active arthrofibrosis and a dysregulated
inflammatory response. Indeed, a significant majority of patients
diagnosed with CPRS type 1 have muscle weakness or limited
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ROM (ref>> and references within). It is nonetheless worth
recognising that inflammatory cytokines sensitise the peripheral
and central nervous system leading to persistent pain in the
presence of chronic low-grade inflammation.>®

Indeed, under these conditions it is thought that persistent
synthesis of substance P, a known pain sensitiser and activator of
mast cells and fibroblasts, occurs, and creates a positive feedback
loop." In support of this, an increased ratio of sensory nerves
(expressing substance P) to sympathetic nerves was found in
tissue from arthrofibrotic knees.>” Also of note is the fact that
chronic low grade inflammation frequently does not have obvious
physical signs or markers in the blood,*® but can nonetheless play
a role in active arthrofibrosis.

More research is needed to understand the difference between
active and residual arthrofibrosis, as the response of patients
within these groups to surgery and exercise may be significantly
different. In support of this, Panni et al.” report that painful stiff
knees do not respond well to arthroscopic surgery to lyse
adhesions, and Babis et al?’ report that surgery to treat
arthrofibrosis in TKR patients resulted in worse outcomes for pain
in all patients, with some also losing flexion. Surgical lysis of
fibrotic material is the standard treatment for arthrofibrosis,
however, surgery stimulates wound healing processes, including
ECM proliferation, and is associated with increased inflamma-
tion.>® In addition, immune system memory and/or feedback
processes that may be occurring in a patient with active
arthrofibrosis may be further stimulated by surgery. It is known
that re-occurrence is frequent after the removal of ECM in some
conditions.'®

Possible parallels with active and residual knee arthrofibrosis
can be found in shoulder arthrofibrosis, in which pain may resolve
with time or remain together with ROM limitations,*® and in other
fibrotic diseases. There are several fibrotic diseases of the lungs,
including simple pneumoconiosis, in which fibrosis begins and
stops, and progressive massive fibrosis, in which extensive fibrosis
progresses until fatal.>® Simple pneumoconiosis can turn into
progressive massive fibrosis if exposure to dust and inflammation
continues. Liver fibrosis is another possible parallel, as it can
sometimes be stopped and even reversed® using anti-
inflammatory or anti-viral medications, but can turn into active,
progressive fibrosis.°' Active fibrosis results from a switch from an
initial Th1 inflammatory cell response to a Th2 cell response with
prolonged exposure to an inflammatory stimulus. While this
switch helps to control the damage caused by immune cells and
promotes healing, it also activates collagen deposition and
fibrosis.®

GENDERS DIFFERENCES IN RATES OF ARTHROFIBROSIS
Women have been reported to be more likely to develop
arthrofibrosis than men,?""%® with studies citing rates 2.5-2.8 times
higher,?>®* although others have not found a gender differ-
ence®3% |t has been suggested that the higher rates of
arthrofibrosis in women may be due to psychological differences
between the genders and that women may be less active post-
operatively, may not perform rehabilitation as well as men, may
seek more medical interventions, and have “different” pain
tolerance than men.?® But Hemsley®® found no differences in
pain perception or pain reflex between patients at 6 weeks post-
ACL reconstruction surgery, almost half of whom did not recover
full ROM.

However, it is well established that the genders differ in their
immunological responses, with 80% of autoimmune disease
occurring in women.®® Being female is also a risk factor for
OA,*®%7 with more women undergoing TKR than men, despite
women having a greater unmet need for this surgery.® Recent
research shows that OA is initiated and progressed by inflamma-
tion (see below in Risk factors), and that patients with OA have
high levels of inflammatory cytokines in the knee.>®

The gender difference in inflammatory responses is due to both
genes and hormones. Women have stronger innate and adaptive
immune responses than men, leading to increased rates of
inflammatory and autoimmune diseases.® The corollary is that
women have around half the risk of serious post-surgical septic
infection,%® possibly because oestrogen upregulates pro-
inflammatory cytokines including IL-1 and IL-6.”° Transforming
growth factor 3 (TGF-B), the primary driver of fibrosis, is also
upregulated and activated by progesterone and oestrogen,”’
driving an increase in Treg cells at ovulation.”? Because immune
system dysfunction and acute inflammation cause fibrosis,® the
higher rates of arthrofibrosis in women is likely due to these
immunological differences between the genders.

RISK FACTORS FOR ARTHROFIBROSIS

There are no established methods for determining the risk of
developing arthrofibrosis following surgery. However, by under-
standing the pathology of the condition, it may be possible to
prevent or successfully treat arthrofibrosis,'*** and a number of
factors are known to be involved (Table 1). Early onset OA may be
a risk factor/indicator for developing arthrofibrosis after injury or
surgery. OA is associated with inflammation,”*”7® and the
inflammatory cytokines IL-6 and TNF-a are upregulated in OA
synovial fluid.5””* Importantly, in a study by Remst et al. over half

Table 1. The stages of pathogenesis of sterile arthrofibrosis of the knee with corresponding clinical features, risk factors and current managements

Pathogenesis Clinical features

Risk factors Current management

Inflammatory response, upregulated TGF-f

Proliferation of myofibroblasts and ECM
production

Dysregulation of inflammation and TGF-f
signalling, excessive ECM in and around joint,
adhesions and contractions. Epigenetic

alterations abnormal gait

Pain, redness and swelling

Stiffness and restricted range of motion

Persistent pain and restricted ROM, with
typically mild swelling. Further ECM
production and contractions of soft tissues, excessive TGF-§ or

Surgery or injury «Elevation and icing
+Corticosteroids
*Aspirin

Surgery or injury

*Previous surgeries
*Mutations causing

Daily CPM

*Exercise rehabilitation
*Control of inflammation
inflammation *‘MUA

*Female gender? *Surgery to lyse

+Early onset OA adhesions and debride
*Inflammatory and ECM

autoimmune diseases

manipulation under anaesthesia

ECM extracellular matrix, TGF-8 transforming growth factor p, ROM range of motion, OA osteoarthritis, CPM continuous passive motion machine, MUA
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