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Abstract
Arthrofibrosis is a common, but often overlooked, condition that imparts significant morbidity following injuries and surgery
to the foot and ankle. The most common etiologies are related to soft tissue trauma with subsequent fibrotic and contractile
scar tissue formation within the ligaments and capsule of the ankle. This leads to pain, alterations in gait, and ankle
dysfunction. Initial treatment often includes extensive physical therapy, however, if severe enough surgical options exist.
Although the literature regarding ankle arthrofibrosis is scarce, this review article provides a greater understanding of the
pathogenesis of arthrofibrosis and describes the current and future therapeutic options to treat fibrotic joints.
Level of Evidence: Level V, expert opinion.
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Introduction

Limited joint motion can have a profound effect on a

patient’s daily life. Although the etiology of motion loss is

multifactorial, arthrofibrosis has more recently been inves-

tigated as a key cause. Arthrofibrosis is defined as joint pain

and stiffness that does not allow functional range of motion

and is commonly due to adhesions, scarring, and contracture

of the joint.34,36 Motion-limiting arthrofibrosis has been

reported throughout the body, including the knee, shoulder,

wrist, and elbow.33,34,39,68 There is far less literature, how-

ever, regarding arthrofibrosis of the ankle.

In the ankle, this condition is mostly commonly due to an

inciting trauma. Utsugi et al63 reported arthrofibrosis in 73%
(24/33) of patients who sustained an ankle fracture, whereas

Thomas et al60 found it to be present in 40% (20/50) of

patients similarly sustaining ankle fractures. Clinically,

arthrofibrosis is characterized by pain, diminished range of

motion, stiffness, and difficulty with performing daily activ-

ities due to impaired gait and abnormal ankle function. Early

preventive strategies are critical for minimizing the risk of

developing arthrofibrosis, including bracing and splinting

the ankle in a neutral position to prevent an equinus contrac-

ture.36,45 Once fibrosis has developed, conservative and

operative management have been shown to improve

function.11,20,36 In part because of the limited current

evidence, this entity has rarely been discussed despite the

significant impact it can have on a patient’s recovery. There-

fore, the purpose of this article is to review the current lit-

erature on arthrofibrosis of the ankle.

Etiology

A variety of factors contribute to causing arthrofibrosis.

A few common causes are infection, trauma, and sur-

gery.4,62,64 Following the inciting event, fibrous scar tissue

may develop in the anterior capsule, posterior capsule, or

both. Common surgeries reported to lead to fibrosis of the

1 Hospital of the University of Pennsylvania, University of Pennsylvania,

Philadelphia, PA, USA
2 Harvard Combined Orthopaedic Residency Program, Massachusetts

General Hospital, Boston, MA, USA
3 Department of Orthopaedic Surgery, Brigham & Women’s Hospital,

Boston, MA, USA
4 Department of Orthopaedic Surgery, Yale School of Medicine, Yale-New

Haven Hospital, New Haven, CT, USA
5 Department of Orthopaedic Surgery, Beth Israel Deaconess Medical

Center, Harvard Medical School, Boston, MA, USA

Corresponding Author:

Christopher P. Miller, MD, Department of Orthopaedic Surgery, Beth Israel

Deaconess Medical Center, Harvard Medical School, Boston, MA 02215,

USA.

Email: cmille14@bidmc.harvard.edu

Foot & Ankle Orthopaedics
2020, Vol. 5(4) 1-9

ª The Author(s) 2020
DOI: 10.1177/2473011420970463

journals.sagepub.com/home/fao

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without
further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/
open-access-at-sage).

https://orcid.org/0000-0003-3513-4028
https://orcid.org/0000-0003-3513-4028
https://orcid.org/0000-0002-7934-7095
https://orcid.org/0000-0002-7934-7095
https://orcid.org/0000-0001-9926-8960
https://orcid.org/0000-0001-9926-8960
https://orcid.org/0000-0001-8259-7629
https://orcid.org/0000-0001-8259-7629
mailto:cmille14@bidmc.harvard.edu
https://doi.org/10.1177/2473011420970463
http://journals.sagepub.com/home/fao
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage


anterior ankle capsule include open reduction and internal

fixation (ORIF) of fractures (73% of ankle fractures), open

debridement of anterior osteophytes, and ankle arthroplasty

(22.1% of ankle arthroplasties).9,25,36,51,63 Posterior ankle

capsular arthrofibrosis may occur following posterior ankle

impingement surgery or following posterior approach to the

ankle for ORIF.36 However, cause and effect are unclear and

initial pathology may predispose to increased fibrosis after

these procedures. Prolonged immobilization after trauma or

surgery may also play a role in the development of arthrofi-

brosis, particularly if the ankle is immobilized in equinus.24

Inflammation, whether caused by trauma, systemic disease,

surgery or infection, is implicated as a root cause of arthro-

fibrosis of all joints. The role that the inflammatory cycle

plays is being increasingly explored by the basic science

community.62 In particular, the role of cytokines such as

interleukin-1 (IL-1) and IL-6, is being investigated since

they are frequently upregulated in the setting of infection

and lead to cell migration, adhesion, and increased matrix

metalloproteinase activity.62

The direct causes of decreased ankle range of motion can

be further categorized into either extra-articular or

intra-articular pathology. Potential extra-articular patholo-

gies causing ankle stiffness and restricted motion include

soft tissue infections, tendon adhesions, or muscle contrac-

tures around the ankle.64 Depending on the muscle or ten-

don, patients will predominantly have limitations in either

plantarflexion or dorsiflexion. Conversely, examples of

intra-articular pathology are adhesive capsulitis and

intra-articular fractures. Adhesive capsulitis of the ankle is

a rarely reported condition that is often preceded by a trau-

matic injury.11,22,38,49 The condition typically involves the

development of intra-articular adhesions, and therefore lim-

its both ankle plantarflexion and dorsiflexion.11,38

Pathophysiology

Following an inciting event, a synovial inflammatory

response is activated. There is proliferation of fibroblasts

and a significant deposition of extracellular matrix pro-

teins.35,36,61 The excess extracellular matrix may then impair

blood flow by increasing the distance of the tissue to blood

vessels, and thus oxygen delivery to the injured tissue is

reduced, resulting in local hypoxia.14 Deprivation of oxygen

triggers the release of inflammatory cytokines, primarily

transforming growth factor-beta (TGF-beta) and

platelet-derived growth factor (PDGF).62 These cytokines,

in turn, signal a cascade of events resulting in scar tissue

formation. In normal healing responses, TGF-beta and

PDGF levels decrease over time. However, in patients with

arthrofibrosis following injury or infection, these cytokines

are dysregulated and continue to be expressed at elevated

levels. This overexpression leads to elevated alpha-smooth

muscle actin expression in fibroblasts; increased collagen

type VI synthesis, which is thought to normally serve as

an anchoring element between collagen I/III fibrils and

basement membranes; and prolongation of the inflammatory

response resulting in fibrous tissue hyperplasia.36,39,61,67

Additionally, as demonstrated in patients following total

knee arthroplasty, reactive oxygen and nitrogen species initi-

ate and sustain the arthrofibrotic response by inducing pro-

tein and DNA modifications.17 Interestingly, other studies

have reported an association with human leukocyte antigens

(HLAs), suggesting a genetic predisposition to the develop-

ment of arthrofibrosis.55 Specifically, HLA-Cw*07 was

found significantly less often in patients with primary arthro-

fibrosis following ACL reconstruction than in the general

population (P ¼ .022). The opposite effect was seen for

HLA-Cw*08, which was found in 17.6% of the study group

but only in 3.8% of the control group (P ¼ .045). A signif-

icant difference was also seen for HLA-DQB1*06, with

23.5% of the patients possessing this allelic variant as

opposed to 48.6% of the control group (P¼ .048). However,

a statistical bias cannot be excluded given the relatively

small number of 17 patients reviewed.55 A very recent study

attempted to uncover evidence of a genetic predisposition

for fibrosis in musculoskeletal tissues.13 They demonstrated

that 22% of gene variants were between the lung and the

hand, specifically idiopathic pulmonary fibrosis and

Dupuytren disease. These genes included ADAM, HLA,

CARD, EIF, TGF, WNT, and ZNF genes. Despite these

shared genetic variations, the authors concluded that there

remains limited information about genetic variants associ-

ated with fibrosis in other MSK regions.13 Although bony

deformities or arthritic changes may cause bony impinge-

ment and altered biomechanics, this review will focus on

arthrofibrosis independent of mechanical impingement.

These factors should, of course, be carefully evaluated for

in any clinical scenario.

Clinical Features and Diagnosis

The clinical manifestations of arthrofibrosis may include

joint pain, swelling, stiffness, and decreased range motion.

First, distinguishing between stiffness and diminished range

of motion is important. Although these 2 terms are often

used interchangeably, there are distinct differences between

them. Stiffness is a symptom reported by the patient.

A patient may report joint stiffness even if there is no objec-

tive sign of decreased range of motion. Vega et al64 reported

that some patients may refer to the feeling of stiffness as a

similar to having a “mass-occupying feeling” in the ankle. In

the ankle, stiffness often suggests the presence of impinging

scar tissue within the joint. Diminished range of motion is an

objective finding defined as a deficit in degrees of motion

from the expected normal or in comparison to the contral-

ateral, uninjured side.64 Potential extra-articular factors,

such as muscle contractures, may also contribute to

decreased range of motion. Peri-articular causes of dimin-

ished range of motion typically involve the capsule and

ankle ligaments.38,64
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As with any patient encounter, a careful history must be

obtained. Patient complaints regarding pain and limitations

in activities of daily living such as difficulty navigating

stairs or sloped surfaces suggest arthrofibrosis. All patients

should be asked about prior trauma or surgeries, as

intra-articular fibrous tissue formation occurs commonly

after an ankle fracture or dislocation. In 2007, one study

graded ankle arthrofibrosis according to the extent of

intra-articular fibrous tissue detected by arthroscopy. This

was present in 73% of patients who had undergone ankle

fracture ORIF.63 Other studies demonstrated that arthrofi-

brosis occurs in more than 20% of patients who underwent

total ankle replacement.9,25,26 Providers should also elicit a

history of coexistent medical diseases including juvenile

arthritis, infectious diseases, and particularly hemophilic

arthropathy. Hemophilic arthropathy is a condition most

associated with arthrofibrosis and loss of motion in the knee,

ankle, and elbow joints.56 Patients commonly develop syno-

vial fibrosis and musculotendinous shortening, resulting in

joint contracture and diminished motion.56 The prevalence

of knee, ankle, and elbow joint contractures in patients with

severe hemophilia has been reported to be between 50% and

95%, with the most common deformities being knee and

elbow flexion contractures as well as ankle equinus.2,56

Following the history, a thorough physical examination

should be performed. In the absence of bony deformity or

severe arthritic changes, a careful inspection of both lower

extremities is performed to identify potential extra-articular

causes of joint dysfunction such as tendon adhesions and

muscle or fascia contractures.64 After inspection, palpation

of the ankle should be done as patients with arthrofibrosis

often present with tenderness to palpation of the joint

margins. It is important to observe the patient both standing

and walking as they will often present with an altered gait.

Abnormal gait, as manifest by shortened stride and early

heel lift-off, occurs when patients cannot achieve a mini-

mum of 5 to 10 degrees of dorsiflexion.10 Lastly,

intra-articular injection of a local anesthetic may assist in

diagnosis. There is a higher likelihood of extensive ankle

arthrofibrosis and structural pathology if only a few milli-

liters can be injected or if there is dense fibrous tissue in the

anterior ankle, which may be felt on needle insertion.36,57

Imaging studies may be used to diagnose arthrofibrosis

and to plan treatment. Plain radiographs and computed

tomography (CT) should be obtained to detect other causes

of joint motion restriction such as bony incongruity, arthritis,

malunion, nonunion, and loose bodies. Dynamic radio-

graphic sequences, or fluoroscopy, can more objectively

record the degree of motion loss, particularly in relation to

the contralateral side.42 One of the more common imaging

methods used for diagnosing ankle arthrofibrosis is magnetic

resonance (MR) imaging.36 Typical imaging findings consist

of capsular and pericapsular thickening (>3 mm) and scar-

ring that is best demonstrated on proton-density MR images

(Figure 1).36 The signal intensity of the capsular thickening

on proton-density–weighted MR images correlates with the

stage of arthrofibrosis. Less commonly, ultrasonography can

also be used to detect arthrofibrosis. Findings will demon-

strate hypoechoic capsular thickening and pericapsular

scars.36

Finally, fluoroscopic-guided arthrography can be used to

confirm the diagnosis. Patients with arthrofibrosis typically

demonstrate decreases in joint capacity, obliteration of nor-

mal joint recesses and high back flow.21,38

Figure 1. Magnetic resonance images demonstrating (A) fibrotic tissue at the anterior ankle joint line (red arrow) and (B) dense fibrotic
tissue extending along the capsule of the joint (red arrow).
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Treatment Options

Early detection of motion loss as well as the underlying

etiology of ankle dysfunction, whether it be intra- or

extra-articular in origin, is crucial to the management of

ankle stiffness. Once defined, management usually follows

a stepwise approach starting from conservative therapies to

more aggressive treatments.

Nonoperative Management

Conservative treatment begins with physical therapy. Range

of motion exercises have been shown to increase strength

and motion as one gradually increases intensity. Care should

be taken to discourage overly aggressive therapy, in partic-

ular passive range of motion, as this can increase the risk of

inflammation and fibrosis.62

Another option for the treatment of arthrofibrosis is

dynamic splinting with prolonged, passive stretching. The

premise of dynamic splinting is to deliver a low load and

prolonged duration of passive stretching with measurable

dynamic tension to stretch the connective tissue. Further-

more, dynamic splinting involves splint application that

allows a patient to achieve 6 to 8 hours of passive stretching

each day. When used as home therapy, the combination of

dynamic splinting and prolonged passive stretching has

demonstrated to be a safe and efficacious treatment for lower

extremity joint contractures with minimal risk of adverse

events.18 A systematic review by Furia et al18 reported that

mean ankle range of motion was improved between 9 and 31

degrees with the use of dynamic splints. They also found that

the degree of improvement was directly and linearly related

to the number of hours that stretching was performed.

Although the conclusion that dynamic splinting serves as

an effective treatment for ankle arthrofibrosis is only based

off of one study, the authors believe that these devices can be

particularly useful because the effort required to comply

with the protocol is relatively low and can be performed

without direct supervision.

Adjunctive intra-articular corticosteroid injections may

also be used to help alleviate arthrofibrosis, although at a

low success rate. One study reported only a 20% long-term

response rate.11 Joint manipulation under anesthesia can be a

useful modality but supportive data in the foot and ankle is

sparse.7,16 Lastly, other adjunctive modalities such as con-

tinuous passive motion, whirlpool therapy, and ultrasound

stimulation have not been reported in the literature.

Operative Management

If conservative measures fail to improve patient symptoms,

surgical treatment is sometimes considered. The procedure

depends on the cause of decreased joint motion.

Extra-articular issues such as muscle, tendon, or fascial con-

tractures or adhesions may require open or percutaneous

release or lengthening procedures. Large osteophytes

causing mechanical impingement should be removed as

well. The literature is scant with regard to evaluating surgi-

cal management of ankle arthrofibrosis and is limited to

reports, discussed below, which have evaluated various open

and arthroscopic techniques.

Arthroscopy has been advocated as a minimally invasive

strategy. The current literature, however, does not robustly

support arthroscopic release. The most compelling compila-

tion of objective outcome measurements was by Glazebrook

et al20 in their 2009 systematic review. They cautiously rec-

ommended arthroscopic treatment of arthrofibrosis as they

found only Level IV studies supporting its use. Still, 5 of the

6 studies reviewed demonstrated positive outcomes for

majority of patients.1,6,11,38,50,63 Lui et al38 found that the

mean dorsiflexion increased from 1 to 19 degrees and plan-

tarflexion increased from 16 to 39 degrees following arthro-

scopic debridement and release, whereas Cui et al11 found

that range of motion increased by 6.7 degrees. Both studies

demonstrated an improvement in patient outcome scores

including American Orthopaedic Foot & Ankle Society

(AOFAS) scores (63.8 to 88.6) and Foot Function Index

scores. Utsugi et al63 showed no benefit in measured range

of motion but did note an increase in AOFAS scores from

90.3 to 97 in patients following ankle arthroscopy. Amen-

dola et al1 reported that 9 of 14 patients benefited from

arthroscopic debridement, and the mean score on an unvali-

dated visual analog scale for function (0 ¼ worst, 10 ¼ no

pain) improved from 3.1 to 5.3. Similarly, Parisien and

Vangsness found clinical improvement in 2 of 3 patients

following arthroscopy.50 Bonnin and Bouysset, however, did

not show improvement in 6 patients following arthroscopic

debridement for post-traumatic ankle stiffness.6

Ankle arthroscopy can be performed both anteriorly and

posteriorly depending on the location of scarring and deficit

in motion. Anterior arthroscopy allows easy access to the

anterior plafond and both the medial and lateral gutters,

although access of the posterior ankle can be limited by joint

distraction and portal placement. The posterior approach

allows easier access to the posterior capsule and tendons.37

Postoperatively, active and passive range-of-motion exer-

cises should be initiated as soon as possible in order to

achieve the best outcomes.38,64

Open debridement is another option. Postoperative

arthrofibrosis can be treated with open arthrolysis, Achilles

tendon lengthening, and/or gastrocnemius recession with

good pain relief and increased range of motion reported.28

Similar to arthroscopic treatments, there are few reports on

outcomes following open procedures. There is some

encouraging literature in the total ankle arthroplasty for open

debridement. In Gross and colleagues’ retrospective study of

surgical treatment of bony and soft-tissue impingement in

total ankle replacements, they demonstrated improvement in

all pre- to postoperative assessments.23 Of note, there were

no significant differences in pain relief, rates of repeat deb-

ridements, and functional improvement between the arthro-

scopic and open debridement groups. AOFAS hindfoot

4 Foot & Ankle Orthopaedics



scores improved from 42.3 to 66.1, visual analog scale pain

score declined from 7.3 to 3.1, SF-36 increased from 41.4 to

58.2, and SMFA scores decreased from 49.7-30.9. Among

the patients who were followed over 1 year postoperatively,

84% remained pain-free at 26.6 months.

Finally, in the foot and ankle, gradual correction with

external fixation is often considered for correction of soft

tissue contractures and arthrofibrosis. Circular external fixa-

tion has been used as a treatment method for many second-

ary ankle and foot pathologies that result in rigidity. This

technique provides for gradual correction of deformity or

maintenance of a static position during treatment, often

while enabling functional use of the limb. Although external

fixation is not recognized as a primary treatment of arthrofi-

brosis, it has been employed to treat contracture as well as

arthrosis that may be present concomitantly. Gradual correc-

tion by this method can allow joint realignment and soft

tissue lengthening without traditional releases or extensive

incisions (Figure 2).12,27,32,46 Complications commonly

include pin tract infection, but this is often preferable to the

morbidity of larger, open procedures.27,32

Ankle joint distraction arthroplasty was introduced in

1978 as an alternative to arthrodesis and arthroplasty.31 This

technique involves temporarily unloading the joint with an

external fixator with the goal of improving joint diastasis

and range of motion.30,41,43,48,52,58 Adjunctive procedures

to address soft tissue contracture about the ankle or hindfoot,

bony limb malalignment, osteophytosis, nerve compression,

and intra-articular pathology can be performed concur-

rently.48,52,58 There is an improved arc of motion after treat-

ment that is more functional, even though the overall range

of motion may not change.48,52,58 Short- and midterm results

have been good in patients with severe arthritis, with

reduced ankle satisfaction by 8-10 years.40,43,48

Arthrofibrosis of the ankle and subtalar joints frequently

results in asymmetric contracture, resulting in joint

incongruity.11,36,63 Contractures (eg, ankle equinus) can be

safely managed with hinged or multiplanar external fixation

and gradual correction.27,29,32,46 This method uses the con-

cept of distraction histogenesis, whereby soft tissue length-

ening occurs in response to gradual stretching.27,59 It is a less

invasive alternative to traditional methods, and neurovascu-

lar (eg, tarsal tunnel decompression) and soft tissue releases

may be performed concomitantly.32,46 Distraction histogen-

esis is frequently sufficient to treat diagnoses such as equi-

nus contracture, but the addition of osteotomies can allow

reorientation of the foot to a more plantigrade position if

arthrofibrosis is too severe.27,32

Prevention

Because arthrofibrosis most commonly occurs following

trauma or surgery, preventive strategies begin directly after

the provoking incident. These tactics include postoperative

pain control, early passive and active range of motion exer-

cises, and ongoing communication between therapists and

physicians to ensure appropriate rehabilitation.8,44,54 The

importance of active and passive range-of-motion ankle

exercise programs supervised by a physical therapist can-

not be overstated. In 2000, Shaffer and colleagues showed

that after 8 weeks of cast immobilization after open reduc-

tion and internal fixation of ankle fractures, patients expe-

rienced significant decreases in muscle performance,

functional ability, and fatigue resistance. However, 10

weeks of mobilization with physical therapy can success-

fully return patients to normal functional performance.54

This highlights the need for rigid internal fixation of frac-

tures, which can then allow more rapid return to motion

activities to potentially decrease the risk of arthrofibrosis.

The authors’ protocol following ORIF includes splinting

for 2 weeks followed by boot for 4 weeks, then nighttime

padded ankle foot orthosis postoperatively. Physical ther-

apy at 6 weeks is prescribed if needed for better range of

motion, strengthening, etc.

One preventive strategy that can be overlooked is proper

casting and splinting technique. As one molds the cast or

splint, the ankle must be held in a neutral position until the

plaster or fiberglass hardens to minimize the risk of devel-

oping contractures.24 Maintaining optimal foot position is

also paramount during treatment of wounds and for soft

tissue coverage procedures. If the splinted ankle is posi-

tioned in plantarflexion and immobilized for prolonged

periods of time, patients are at increased risk for muscle

and joint stiffness. Splint in equinus for short term may be

tolerated and resolved with stretching. However, if pro-

longed immobilization occurs, contractures may become

chronic. It is therefore important to limit the duration of

immobilization and initiate range of motion exercises early

after discontinuation. In more serious cases of contractures,

the patient may benefit from physical therapy after the

removal of the immobilizing device. Lastly, it is best prac-

tice to keep the ankle neutral until the splint/cast hardens

Figure 2. Hinged external fixator allowing for gradual stretching
and correction of equinus.

Velasco et al 5



and to place the entire foot on a relatively flat surface to

ensure the ankle is not immobilized in equinus. The excep-

tion is if equinus is desired (ie, after Achilles repair) in

which case it should be maintained for as short a period

of time as possible. Nevertheless, more studies are needed

to develop a better understanding of the prevention of ankle

arthrofibrosis.

Future Treatments

Current treatments as described above have limitations.

Therefore, the advent of pharmacologic agents that can suc-

cessfully address excess fibrous tissue from the ankle joint

are promising. Two agents with antifibrotic effects have

recently emerged and have the potential to effectively treat

arthrofibrosis: anakinra and relaxin.

Anakinra is an interleukin-1 antagonist. Interleukin-1

plays an integral role in the inflammatory cascade, promotes

pro-fibrotic mediators, and stimulates fibroblast prolifera-

tion and chemotaxis.5,8,19 In a pilot study, intra-articular

injection of anakinra was given to 8 patients with knee

arthrofibrosis. A majority of patients (75%) reported

improvement in range of motion and pain.8 Although the

cohort of patients was small, anakinra may be a promising

agent for ankle or other joint arthrofibrosis.

Relaxin is a versatile endogenous neurohormone. Though

traditionally viewed as a pregnancy hormone only secreted

by the corpus luteum, it has been subsequently established

that relaxin is also produced in the heart, endometrium,

mammary gland, placenta, and prostate.15,66 Although much

of the recent literature has investigated the cardiovascular

effects of relaxin in the setting of heart failure,66 relaxin

possesses multiple other properties, including antifibrotic

effects.3,53 Its antifibrotic effect profile may offer a pharma-

cologic intervention to target arthrofibrosis.

Recently, a rat model of shoulder arthrofibrosis has been

produced via prolonged immobilization, and this has been

shown to render lasting effects on in vivo kinematics.47,65

This novel animal model provides a basis on which research-

ers can begin testing new pharmacologic therapies.
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Figure 3. Treatment algorithm for ankle arthrofibrosis.
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Conclusion

Arthrofibrosis is a common, but overlooked, condition that

imparts significant morbidity following injuries and surgery

to the foot and ankle. The most common etiologies are

related to soft tissue trauma with subsequent fibrotic and

contractile scar tissue formation within the ligaments and

capsule of the ankle. This leads to pain, alterations in gait,

and ankle dysfunction. The most critical component of treat-

ment is most likely attempting prevention by providing

appropriate splinting and physical therapy. However, when

arthrofibrosis occurs, there are effective treatments includ-

ing physical therapy and dynamic splinting. When conser-

vative treatment fails, open or arthroscopic procedures as

well as management with external fixation may be effective

(Figure 3). Although surgery may be beneficial, there are

currently few studies on which to guide expectations. The

future, however, is hopeful and there may be new treatment

options that can be used to treat fibrotic joints without the

need for surgical intervention.

Ethics Approval

Ethical approval was not sought for the present study because it was

a topical review.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect

to the research, authorship, and/or publication of this article.

ICMJE forms for all authors are available online.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Brian Timothy Velasco, MD, https://orcid.org/0000-0003-3513-

4028

Shalin S. Patel, MD, https://orcid.org/0000-0002-7934-7095

David B. Frumberg, MD, https://orcid.org/0000-0001-9926-

8960

Christopher P. Miller, MD, https://orcid.org/0000-0001-8259-

7629

References

1. Amendola A, Petrik J, Webster-Bogaert S. Ankle arthroscopy:

outcome in 79 consecutive patients. Arthroscopy. 1996;12(5):

565-573.

2. Atkins RM, Henderson NJ, Duthie RB. Joint contractures in

the hemophilias. Clin Orthop Relat Res. 1987;219:97-106.

3. Blessing WA, Okajima SM, Cubria MB, et al. Intraarticular

injection of relaxin-2 alleviates shoulder arthrofibrosis. Proc

Natl Acad Sci U S A. 2019;116(25):12183-12192.

4. Bong MR, Di Cesare PE. Stiffness after total knee arthroplasty.

J Am Acad Orthop Surg. 2004;12(3):164-171.

5. Bonner JC. Regulation of PDGF and its receptors in fibrotic

diseases. Cytokine Growth Factor Rev. 2004;15(4):255-273.

6. Bonnin M, Bouysset M. Arthroscopy of the ankle: analysis of

results and indications on a series of 75 cases. Foot Ankle Int.

1999;20(11):744-751.

7. Brantingham JW, Bonnefin D, Perle SM, et al. Manipulative

therapy for lower extremity conditions: update of a literature

review. J Manipulative Physiol Ther. 2012;35(2):127-166.

8. Brown CA, Toth AP, Magnussen B. Clinical benefits of

intra-articular anakinra for arthrofibrosis. Orthopedics. 2010;

33(12):877.

9. Brunner S, Barg A, Knupp M, et al. The Scandinavian total

ankle replacement: long-term, eleven to fifteen-year, survivor-

ship analysis of the prosthesis in seventy-two consecutive

patients. J Bone Joint Surg Am. 2013;95(8):711-718.

10. Conti SF, Wong YS. Complications of total ankle replacement.

Clin Orthop Relat Res. 2001;391:105-114.

11. Cui Q, Milbrandt T, Millington S, Anderson M, Hurwitz S.

Treatment of posttraumatic adhesive capsulitis of the ankle:

a case series. Foot Ankle Int. 2005;26(8):602-606.

12. Cuttica DJ, Decarbo WT, Philbin TM. Correction of rigid

equinovarus deformity using a multiplanar external fixator.

Foot Ankle Int. 2011;32(5): S533-S539.

13. Dagneaux L, Owen AR, Bettencourt JW, et al. Human fibrosis:

is there evidence for a genetic predisposition in musculoske-

letal tissues? J Arthroplasty. 2020;35(11):3343-3352.

14. Distler JHW, Jungel A, Pileckyte M, et al. Hypoxia-induced

increase in the production of extracellular matrix proteins in

systemic sclerosis. Arthritis Rheum. 2007;56(12):4203-4215.

15. Du X-J, Bathgate RAD, Samuel CS, Dart AM, Summers RJ.

Cardiovascular effects of relaxin: from basic science to clinical

therapy. Nat Rev Cardiol. 2010;7(1):48-58.

16. Feuerstein C, Weil LJ, Weil LSS, Klein EE, Argerakis N,

Fleischer AE. Joint manipulation under anesthesia for arthro-

fibrosis after hallux valgus surgery. J Foot Ankle Surg. 2016;

55(1):76-80.

17. Freeman TA, Parvizi J, Della Valle CJ, Steinbeck MJ. Reactive

oxygen and nitrogen species induce protein and DNA modifi-

cations driving arthrofibrosis following total knee arthroplasty.

Fibrogenesis Tissue Repair. 2009;2(1):5.

18. Furia JP, Willis FB, Shanmugam R, Curran SA. Systematic

review of contracture reduction in the lower extremity with

dynamic splinting. Adv Ther. 2013;30(8):763-770.

19. Gharaee-Kermani M, Phan SH. Role of cytokines and cytokine

therapy in wound healing and fibrotic diseases. Curr Pharm

Des. 2001;7(11):1083-1103.

20. Glazebrook MA, Ganapathy V, Bridge MA, Stone JW, Allard

JP. Evidence-based indications for ankle arthroscopy.

Arthroscopy. 2009;25(12):1478-1490.

21. Goldman AB, Katz MC, Freiberger RH. Posttraumatic adhe-

sive capsulitis of the ankle: arthrographic diagnosis. AJR Am J

Roentgenol. 1976;127(4):585-588.

22. Griffiths HJ, Utz R, Burke J, Bonfiglio T. Adhesive capsulitis

of the hip and ankle. AJR Am J Roentgenol. 1985;144(1):

101-105.

23. Gross CE, Adams SB, Easley M, Nunley JA 2nd, DeOrio JK.

Surgical treatment of bony and soft-tissue impingement in total

ankle arthroplasty. Foot Ankle Spec. 2017;10(1):37-42.

Velasco et al 7

https://orcid.org/0000-0003-3513-4028
https://orcid.org/0000-0003-3513-4028
https://orcid.org/0000-0003-3513-4028
https://orcid.org/0000-0003-3513-4028
https://orcid.org/0000-0002-7934-7095
https://orcid.org/0000-0002-7934-7095
https://orcid.org/0000-0002-7934-7095
https://orcid.org/0000-0001-9926-8960
https://orcid.org/0000-0001-9926-8960
https://orcid.org/0000-0001-9926-8960
https://orcid.org/0000-0001-9926-8960
https://orcid.org/0000-0001-8259-7629
https://orcid.org/0000-0001-8259-7629
https://orcid.org/0000-0001-8259-7629
https://orcid.org/0000-0001-8259-7629


24. Halanski M, Noonan KJ. Cast and splint immobilization: com-

plications. J Am Acad Orthop Surg. 2008;16(1):30-40.

25. Hintermann B, Ruiz R, Barg A. Dealing with the stiff ankle:

preoperative and late occurrence. Foot Ankle Clin. 2017;22(2):

425-453.

26. Horisberger M, Henninger HB, Valderrabano V, Barg A. Bone

augmentation for revision total ankle arthroplasty with large

bone defects. Acta Orthop. 2015;86(4):412-414.

27. Hosny GA. Correction of foot deformities by the Ilizarov

method without corrective osteotomies or soft tissue release.

J Pediatr Orthop B. 2002;11(2):121-128.

28. Hsu AR, Haddad SL, Myerson MS. Evaluation and manage-

ment of the painful total ankle arthroplasty. J Am Acad Orthop

Surg. 2015;23(5):272-282.

29. Ilizarov GA, Shevtsov VI, Kuz’min N V. [Method of treating

talipes equinocavus]. Ortop Travmatol Protez. 1983;5:46-48

[in Russian].

30. Intema F, Thomas TP, Anderson DD, et al. Subchondral bone

remodeling is related to clinical improvement after joint dis-

traction in the treatment of ankle osteoarthritis. Osteoarthr

Cartil. 2011;19(6):668-675.

31. Judet R, Judet T. [The use of a hinge distraction apparatus after

arthrolysis and arthroplasty (author’s transl)]. Rev Chir Orthop

Reparatrice Appar Mot. 1978;64(5):353-365 [in French].
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