
Acta Ortopédica Mexicana 2024; 38(3): May.-Jun. 179-187

www.medigraphic.com/actaortopedica

doi: 10.35366/115813

@https://dx.doi.org/0000/0000 @

Review

* Department of Research, Alabama College of Osteopathic Medicine.
‡ Baylor School of Medicine, Department of Pediatric Orthopedic Surgery, Texas Children’s Hospital.

Correspondence:
Taylor F Faust, BS MS
Department of Research, Alabama College of Osteopathic Medicine, 445 Health Sciences Boulevard, Dothan, AL 36303.
E-mail: faustt@acom.edu

Received: 01-09-2024. Accepted: 02-18-2024.

How to cite: Faust TF, Castañeda PG. Arthrofibrosis of the knee in pediatric orthopedic surgery. 
Acta Ortop Mex. 2024; 38(3): 179-187. https://dx.doi.org/10.35366/115813

RESUMEN. La artrofibrosis es una complicación 
difícil asociada con lesiones de rodilla tanto en niños 
como en adultos. Si bien se sabe mucho sobre el manejo 
de la artrofibrosis en adultos, es necesario comprender sus 
aspectos únicos y estrategias de manejo en la población 
pediátrica. Este documento proporciona una visión general 
de la artrofibrosis en la cirugía ortopédica pediátrica, 
centrándose en sus causas, implicaciones, clasificaciones 
y manejo. Este documento es una revisión completa de la 
literatura y la investigación existente sobre artrofibrosis 
en pacientes pediátricos. La artrofibrosis se caracteriza 
por una producción excesiva de colágeno y adherencias, 
lo que conduce a un movimiento articular restringido 
y dolor. Se asocia con una inmunorrespuesta y fibrosis 
dentro y alrededor de la articulación. La artrofibrosis puede 
ser el resultado de varias lesiones de rodilla en pacientes 
pediátricos, incluyendo fracturas de columna tibial, lesiones 
de LCA y LCP, y procedimientos extraarticulares. Los 
factores técnicos en el momento de la cirugía desempeñan 
un papel en el desarrollo de la pérdida de movimiento 
y deben abordarse para minimizar las complicaciones. 
Se recomienda prevenir la artrofibrosis a través de la 
fisioterapia temprana. La gestión no operativa, incluyendo 
el empalme dinámico y la fundición en serie, ha mostrado 
algunos beneficios. Los nuevos enfoques farmacológicos a 
la lisis de adherencias han demostrado ser prometedores. Las 
intervenciones quirúrgicas, consistentes en lisis artroscópica 
de adherencias (LOA) y manipulación bajo anestesia 
(MUA), pueden mejorar significativamente el movimiento 
y los resultados funcionales. La artrofibrosis plantea desafíos 

ABSTRACT. Arthrofibrosis  is  a  chal lenging 
complication associated with knee injuries in both 
children and adults. While much is known about managing 
arthrofibrosis in adults, it is necessary to understand 
its unique aspects and management strategies in the 
pediatric population. This paper provides an overview of 
arthrofibrosis in pediatric orthopedic surgery, focusing on 
its causes, implications, classifications, and management. 
This paper is a comprehensive review of the literature and 
existing research on arthrofibrosis in pediatric patients. 
Arthrofibrosis is characterized by excessive collagen 
production and adhesions, leading to restricted joint motion 
and pain. It is associated with an immune response and 
fibrosis within and around the joint. Arthrofibrosis can 
result from various knee injuries in pediatric patients, 
including tibial spine fractures, ACL and PCL injuries, 
and extra-articular procedures. Technical factors at the 
time of surgery play a role in the development of motion 
loss and should be addressed to minimize complications. 
Preventing arthrofibrosis through early physical therapy 
is recommended. Non-operative management, including 
dynamic splinting and serial casting, has shown some 
benefits. New pharmacologic approaches to lysis of 
adhesions have shown promise. Surgical interventions, 
consisting of arthroscopic lysis of adhesions (LOA) and 
manipulation under anesthesia (MUA), can significantly 
improve motion and functional outcomes. Arthrofibrosis 
poses unique challenges in pediatric patients, demanding 
a nuanced approach that includes prevention, early 
intervention with non-operative means, and improvements 

Arthrofibrosis of the knee in pediatric orthopedic surgery
Artrofibrosis de rodilla en cirugía ortopédica pediátrica

 Faust TF,* Castañeda PG‡

Department of Research, Alabama College of Osteopathic Medicine. Alabama, USA.



180Acta Ortop Mex. 2024; 38(3): 179-187

Faust TF et al.

Introduction

The restriction of knee range of motion (ROM) 
after injury or surgery of the knee poses a formidable 
challenge, stemming from both single and multi-ligament 
injuries or post-reconstruction consequences. In adult 
orthopedics, knee injury recognition and management 
have reached relative prominence, yet there needs to 
be more information in the pediatric population. The 
disparity in managing these issues in children necessitates 
a comprehensive understanding of their requirements, 
distinct from the adult population.

The extent of knee motion loss varies, contingent on the 
inciting injury mechanism. Typically, a more severe loss in 
motion signifies more significant ligament damage, often 
involving multiple ligaments and high-energy injury events. 
These injuries can result from either mechanical trauma 
or pre-existing degenerative conditions. Risk factors for 
motion loss encompass numerous variables, including the 
timing of surgical intervention, differences in postoperative 
rehabilitation, genetic predisposition, concurrent infections, 
surgical errors, and complications, among others.

Arthrofibrosis manifests as a symptomatic reduction 
in knee ROM compared to the contralateral knee. This 
enigmatic condition emerges as a complication following 
surgical procedures or knee injuries, culminating in the 
thickening and scarring of the joint capsule and surrounding 
tissues. These changes give rise to restricted knee motion, 
often accompanied by varying degrees of pain. Among 
pediatric patients, arthrofibrosis can arise following knee 
surgery, such as reconstruction or fracture management. Its 
manifestations range from focal to diffuse involvement of the 
knee and its adjacent structures. Arthrofibrosis is clinically 
defined as a lack of 10o from full extension or less than 90o of 
knee flexion three months after the initial procedure.1,2

Enhancing our understanding of arthrofibrosis is crucial 
for refining techniques to prevent motion loss and achieve 
more successful post-surgical outcomes. In cases where 
preventive measures fall short, exploring the most effective 
treatment strategies becomes imperative, including static 
or dynamic bracing, manipulation under anesthesia, and 
arthroscopic or open debridement.3

Understanding normal knee motion is multifaceted, 
encompassing various motions across different axes. Planes 

of motion include longitudinal, rotational, varus and valgus, 
flexion, and extension movements. In particular, the range of 
knee flexion and extension is divided into three categories: 
terminal extension, active function, and passive flexion.3 
Terminal extension signifies the limit of passive extension 
and is often minimal, around 10o to 5o of hyperextension. 
It plays a role in quadriceps muscle relaxation during the 
stance phase and is not frequently encountered during 
normal gait. The arc of functional motion ranges between 
10o and approximately 120o, encompassing everyday 
activities like squatting and ascending or descending stairs. 
Passive flexion extends to around 120o and continues under 
applied external force. Gender differences exist, with men 
typically achieving 140o and women 143o.3

Implications of flexion loss

For most daily activities that do not significantly impact 
gait, a knee flexion of up to 125o is essential. Inadequate 
flexion beyond this point can impede squatting, and 
even slight deficits in flexion may adversely affect the 
performance of athletes. Severe flexion deficits, falling 
below 90o, render even the least active individuals unable to 
sit and climb stairs.3

Challenges posed by extension loss

Compared to the loss of flexion, a loss of knee extension 
is less tolerable and presents a more challenging clinical 
scenario. A mere 5o loss of extension can induce a limp 
during ambulation, leading to quadriceps strain and 
patellofemoral pain. In weight-bearing situations with a 
flexed knee, the quadriceps muscle is crucial for stability, 
bearing 7% of the load at 15o of flexion, 210% at 30o, and 
410% at 60o.4 This increased load results in elevated joint 
contact pressure and may lead to patellofemoral arthrosis.3

Measuring motion loss

Precise assessment of knee motion loss in patients with 
recent ligamentous knee injuries or following reconstruction 
necessitates a fine-tuned approach. The current technique 
employs a goniometer placed on the lateral knee joint line in 
a midsagittal position, using the greater trochanter and lateral 

in surgical  techniques.  Modern pharmacological 
interventions offer promise for the future. Customized 
interventions and research focused on pediatric patients are 
critical for optimal outcomes.
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únicos en los pacientes pediátricos, exigiendo un enfoque 
matizado que incluye prevención, intervención temprana con 
medios no operatorios y mejoras en las técnicas quirúrgicas. 
Las intervenciones farmacológicas modernas ofrecen una 
promesa para el futuro. Las intervenciones e investigaciones 
personalizadas centradas en pacientes pediátricos son 
fundamentales para obtener resultados óptimos.

Palabras clave: artrofibrosis, rodilla, niño, cirugía.
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malleolus as landmarks. This method exhibits high inter- and 
intra-observer reliability.5 An alternative method employs 
heel-height measurement differences with patients in a prone 
position, with a 1 cm heel-height disparity equating to a 1o 
knee flexion contracture. This method is particularly useful 
for detecting subtle degrees of motion loss below 10o.6

Classification of motion loss

Defining the true incidence and character of motion loss 
in the knee is a complex endeavor. Several classification 
schemes are available, with the most recent one introduced 
by Shelbourne et al.,7 which compares motion loss on the 
affected side to the contralateral limb. This classification 
system delineates four distinct types based on flexion and 
extension losses, with or without patella-infera. Type 1 is 
normal flexion with extension loss at < 10o; type 2 is normal 
flexion and extension loss > 10o; type 3 is flexion loss of > 
25o and extension > 10o, and type 4 is flexion loss > 30o and 
extension loss > 10o with patella-infera.

Incidence of motion loss

Previous studies have reported postoperative loss of 
knee motion in approximately 35% of adult patients who 
underwent anterior cruciate ligament (ACL) reconstruction 
or repair.8 Thanks to advances in surgical techniques and 
rehabilitation protocols, this incidence has decreased from 
0 to 4%.9,10,11,12 High-energy multi-ligament injuries are 
more predisposed to motion loss than single-ligament, low-
energy injuries. A study investigating the early treatment of 
motion complications after ACL reconstruction found a 23% 
incidence of motion loss in patients undergoing concomitant 
ACL reconstruction and medial collateral ligament (MCL) 
repair.13 Traumatic knee dislocations, causing various 
ligamentous instabilities, are also associated with increased 
motion loss. Unfortunately, data specific to a pediatric 
population is more difficult to ascertain.

Pathophysiology

Arthrofibrosis is characterized by excessive collagen 
production and adhesions, resulting in restricted joint motion 
and pain. This condition, which may affect various joints,14 
is known by different names, such as frozen shoulder, 
adhesive capsulitis, joint contracture, stiff knee, and stiff 
elbow.15 Sterile arthrofibrosis, another variant, arises from 
chronic or repetitive injuries or surgeries, triggering a 
dysregulated immune response and fibrosis within and 
around the joint.16 Fibrotic scar tissue formation in the joint’s 
extracellular matrix (ECM), primarily composed of collagen, 
is the hallmark of this condition. Fibrosis represents the final 
common pathway in the context of chronic inflammatory 
injuries, transcending multiple organs.17,18 Normal tissue 
injuries trigger the release of local inflammatory cytokines, 
initiating a complex cascade that attracts immune cells to the 

affected area. Under the influence of inflammatory cytokines, 
fibroblasts differentiate into myofibroblasts, producing 
the repair of extracellular matrix proteins.19 Transforming 
growth factor beta (TGF-β) is pivotal in arthrofibrosis 
pathophysiology, regulating immune responses and 
wound healing.20 It stimulates myofibroblast proliferation, 
increases disorganized extracellular matrix production, 
inhibits myofibroblast apoptosis, and impedes collagen 
degradation.19 Other factors also play a role, including 
TNF-α, platelet-derived growth factor, and IL-1,6,17. The 
myofibroblasts are critical as the TGF-β influences them 
to produce the dense ECM. The ECM comprises mainly 
nonelastic type 1 collagen that forms connections to adjacent 
tissues. There are 10-fold higher amounts of alpha-smooth 
muscle actin containing myofibroblast in patients with 
arthrofibrosis following ACL-reconstruction revision than 
in patients with primary ACL-repair.17 Genetic factors may 
also contribute to susceptibility to arthrofibrosis, potentially 
involving genetic predispositions related to musculoskeletal 
tissues.21 Early intervention targeting these genetic variants 
could enhance patient outcomes.20 A better understanding 
of the pathophysiology of arthrofibrosis, along with the 
discovery of genetic involvement, promises to refine 
management strategies, especially in pediatric cases where 
heightened awareness and tailored management techniques 
are paramount.

Causes of arthrofibrosis in pediatric 
patients following knee injuries

Knee trauma as a precursor to arthrofibrosis

Injuries, such as avulsion fractures of the tibial eminence, 
often result from falls and sports-related accidents. Non-
displaced or minimally displaced fractures are typically 
treated conservatively, while open reduction and fixation 
are indicated for displaced fractures.22 It is crucial to note 
that open reduction with arthrotomy, historically used for 
displaced fractures, has been associated with prolonged 
rehabilitation and increased morbidity.23 In contrast, 
arthroscopic reduction and fixation have emerged as 
preferred techniques due to reduced hospital stays and 
morbidity, expediting rehabilitation.24 Nevertheless, 
complications, including extension loss and quadriceps 
weakness, can occur in displaced and non-displaced tibial 
eminence fractures, especially when sutures or screws are 
employed.22 Skeletally immature patients are particularly 
susceptible to postoperative knee stiffness.25 The primary 
treatment goal is the restoration of knee motion through 
anatomic reduction, preserving ligament tension, and 
preventing extension loss. It is imperative to discuss possible 
complications with patients before surgery, considering 
the acute inflammatory phase’s role in arthrofibrosis 
pathogenesis. The development of an intense postoperative 
rehabilitation program is essential for minimizing the risk of 
postoperative motion loss.
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Risk factors of arthrofibrosis in tibial spine fractures

Knee arthrofibrosis in pediatric patients can follow 
a tibial spine fracture, both after cast immobilization and 
arthroscopic treatment.26 A retrospective multicenter study 
by Vander Have et al.22 found that 10% of children with a 
tibial spine fracture experienced arthrofibrosis after surgical 
treatment.

Tibial spine fractures in pediatric patients are relatively 
rare, but identifying the risk factors associated with 
arthrofibrosis development is essential for mitigating the 
risk. Several risk factors have been identified:

1. Concomitant ACL injury: pediatric patients with tibial 
spine fractures who also have an ACL tear are more 
than seven times more likely to develop postoperative 
stiffness.25

2. Traumatic injuries unrelated to athletics: traumatic injuries 
not associated with athletic activities, such as motor 
vehicle accidents, bicycle accidents, falls from heights, 
and horseplay/fighting, significantly increase the risk of 
arthrofibrosis development.25

3. Prolonged operative times: longer operative durations, 
especially for more complex fractures, can contribute to 
the development of arthrofibrosis, albeit not as an isolated 
risk factor.25

4. Cast immobilization: immobilizing the knee in a cast 
increases the risk of arthrofibrosis due to locking the 
patient’s knee in a specific position, leading to a loss of 
extension.27

5. Young age: patients under ten face an increased likelihood 
of developing arthrofibrosis. Achieving a balance between 
early mobilization and the risk of complete tear is crucial, 
as is avoiding controllable risk factors like prolonged cast 
immobilization.25

Arthrofibrosis due to delayed surgery for 
pediatric tibial spine fractures

In pediatric patients, tibial spine fractures are akin 
to ACL tears in adults and adolescents but occur less 
frequently.28,29,30,31 Delayed surgery and extended operative 
duration are primary factors associated with arthrofibrosis 
in these patients.32 Factors contributing to delayed surgery 
include diagnosis delay, multiple clinical opinions, and 
insurance issues. The definition of what constitutes a 
delayed time frame for tibial spine fracture injuries is 
shorter than that used for ACL injuries. The more severe 
mechanism and energy requirements for tibial spine 
fractures might contribute to poorer outcomes and long-
term effects in pediatric patients. Operative fixation delayed 
by over 21 days is associated with a high likelihood of 
concomitant meniscus pathology. Additionally, operative 
times exceeding 2.5 hours have a 3.7-fold higher risk of 
developing arthrofibrosis following surgical procedures.32 
To address the issue of increased rates of arthrofibrosis, 

more effective treatments should be identified at the 
initial presentation, where specific treatments should be 
considered. Physical examination findings, such as effusion, 
decreased ROM, and weight-bearing challenges, can 
facilitate early intervention and prevent further treatment 
delay.33 Although tibial spine fractures are relatively rare, 
understanding how to treat them appropriately, with prompt 
recognition and patient-specific intervention, is vital to 
reduce treatment delay.

Technical factors in reconstructive surgery of the knee

ACL reconstruction in pediatric patients

Correct graft placement is crucial in ACL reconstruction 
surgery to minimize motion loss.34 Graft placement anterior 
to the native ACL insertion site on the tibia can lead to 
impingement on the intercondylar notch roof during extension. 
Lateral tibial graft placement may result in impingement on 
the lateral notch wall. Grafts placed too far anteromedially 
can limit flexion.35 From the femoral side, a common error is 
placing the graft too far entirely, which can lead to graft strain, 
limited flexion, and possible graft failure.36,37

Other studies have shown that graft impingement can 
involve the intercondylar notch and adjacent posterior 
cruciate ligament (PCL). While moderate impingement 
can lead to pain, effusion, and extension loss, severe 
impingement can cause graft abrasion and complete 
failure.38 Quadriceps contraction during knee extension 
can exacerbate graft impingement, and a notchplasty 
can increase the clearance between the graft and the 
intercondylar roof. Graft impingement on the PCL can limit 
flexion, often due to a steep tibial tunnel angle (80o).39

Graft tension

The relationship between graft tension and motion loss 
is still debated. Excessive graft tension can be problematic, 
with a high degree of pretension potentially leading to graft 
fraying, particularly over the femoral tunnel.34 However, 
this does not necessarily result in a complete loss of knee 
extension.40 In contrast, inadequate graft tension can lead 
to anterior-posterior laxity, causing instability, poor graft 
healing, and failure.

Graft choice in ACL reconstruction

The link between extension loss and graft type remains 
an ongoing subject of discussion. Some studies found no 
significant difference in range of motion (ROM) between 
hamstring and patellar tendon ACL reconstruction. While 
one study reported that 31% of the patellar tendon group 
and 19% of the hamstring group experienced extension 
deficits at five years postoperatively, these results were 
not statistically significant.41 These results were not 
statistically significant. A follow-up study found no 
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significant difference in ROM in the recent prospective, 
randomized trial comparing hamstring and patellar tendon 
ACL reconstruction after a follow-up at year five.42 This 
controversy suggests that graft choice is unrelated to the 
development of motion loss following ACL reconstruction.

Arthrofibrosis of post-ACL reconstruction 
in pediatrics and adolescents

Arthrofibrosis is a known adverse complication 
following ACL reconstruction. Its prevalence in the adult 
population ranges from 4 to 35%.8,11,12,13,43,44 One study by 
Fisher and Shelbourne12 looked at 959 consecutive ACL 
restrictions and found that 42% experienced a significant 
loss of extension. This issue is particularly relevant given 
the increasing frequency of ACL injuries in pediatric 
and adolescent populations, prompting more ACL 
reconstruction procedures in these age groups.45,46,47 A study 
of 902 patients (933 knees) found an 8.3% overall incidence 
of arthrofibrosis. Female patients had a significantly higher 
postoperative arthrofibrosis rate (11.1%) compared to males 
(4.0%). Notably, increasing patient age was associated 
with a higher incidence of arthrofibrosis; no cases were 
reported in patients under 12.48 Furthermore, patellar tendon 
autografts were linked to a significantly increased risk of 
arthrofibrosis.48

The time between the injury and the reconstruction has 
been a predictor for arthrofibrosis occurrence. Shelbourne 
et al. found that patients who underwent index surgery 
less than 21 days after the injury had a higher rate of 
arthrofibrosis compared to those who waited more than 21 
days after the injury.2 Adult studies have reported a 12% 
arthrofibrosis incidence, revealing that reconstructions 
performed less than three weeks after injury and 
preoperative extension loss of 10 degrees or more were 
significant predictors of arthrofibrosis.49 Others have found 
that patients who underwent reconstruction after at least 
four weeks post-injury had even lower rates of arthrofibrosis 
compared to those who underwent surgery earlier. The 
pediatric population presents unique challenges, and better 
treatment guidelines tailored to this age group are warranted 
to address arthrofibrosis.

Arthrofibrosis after PCL reconstruction 
in pediatric patients

PCL injuries are less common than ACL injuries and 
often result from knee trauma with acute hemarthrosis.50,51 
In adults, non-surgical management is favored for isolated 
PCL injuries. However, in pediatric patients, PCL injuries 
are less prevalent due to the inherent strength and resilience 
of the ligaments, especially in those with open physes.52,53 
However, there is concern for long-term outcomes of PCL-
deficient knee, which has been shown to lead to progression 
to osteoarthritis due to continuous laxity.54,55,56 In pediatrics, 
surgical treatment options include open reduction and screw 

fixation, arthroscopically-assisted reconstruction with 
various autografts (hamstring tendon, quadriceps tendon, 
bone-patellar tendon-bone),57,58 and allografts (Achilles 
tendon with bone block and maternal hamstring tendon).13 
Arthrofibrosis, although infrequent, can occur following 
pediatric PCL reconstruction. Kocher et al.59 reported seeing 
it in three knees (7%), two of which underwent manipulation 
under anesthesia and one who underwent lysis of adhesions 
with manipulation. While this is not a large number, it does 
bring awareness that pediatric PCL reconstruction is not 
exempt from arthrofibrosis. Increased trauma during open 
arthrotomy for procedures like PCL reconstruction has been 
identified as a risk factor for motion loss. These findings 
underscore the importance of minimizing additional joint 
trauma during surgical interventions.

Osteoarthritis has also been reported in pediatric patients 
with PCL injuries.57 In the same consideration, the treatment 
recommendations for pediatrics need to be improved as 
guidance is based on adult literature, indicating the need 
for practical treatment guidelines tailored to the pediatric 
population. The rarity of PCL injuries in this age group 
means that current treatment guidance is based on adult 
literature, making it crucial to develop specialized protocols.

Preventing and managing arthrofibrosis in 
pediatric patients: a comprehensive approach

Preventing arthrofibrosis

Arthrofibrosis prevention through early physical 
therapy intervention and anti-inflammatory medications 
is paramount to mitigate motion loss risks. Additionally, 
the incorporation of preoperative oral corticosteroids 
has proven to be effective in the reduction of MUA rates 
as well.60 However, further research is required to know 
whether these benefits extend to the pediatric population.

One pathway that warrants further research is regarding 
NSAIDs, specifically when administered intra-articularly 
via a biologic scaffold. A recent animal study showed 
sustained anti-fibrotic effects in a rabbit model by 
administering a specific COX-2 inhibitor (celecoxib) via 
intra-articular injections using a scaffold method.61

Non-operative modalities remain important, and a strong 
emphasis is placed on prevention and early intervention; 
however, for refractory cases, surgical interventions remain 
a consideration.

Surgical errors

Technical errors in reconstructive surgery of the 
PCL have been associated with stiffness, specifically 
inappropriate tightening.62,63 These surgical errors lead 
to alterations in normal knee kinematics, resulting in 
microtrauma that triggers the inflammatory process that 
leads to arthrofibrosis.64 Emphasis on preoperative planning 
to avoid the common errors seen in the adult population 



184Acta Ortop Mex. 2024; 38(3): 179-187

Faust TF et al.

has been established for knee arthrofibrosis, highlighting 
the need for further research and evidence to support the 
pediatric population in recognizing surgical errors.

Management of arthrofibrosis in children

Clinical management of arthrofibrosis

The clinical management of arthrofibrosis in pediatric 
patients demands a multifaceted approach due to its varied 
contexts and etiologies. Some combination techniques 
include a stepwise approach with physiotherapy, serial 
casting, epidural therapy combined with inpatient 
physiotherapy, oral corticosteroids, and some relatively 
new pharmacologic approaches before any surgical 
consideration.

Arthrofibrosis after ACL reconstruction is best treated in 
a stepwise approach with early recognition and intervention. 
In ACL reconstruction, the optimal timing for surgery is 
typically 3-4 weeks post-injury.65 This strategy capitalizes 
on reduced inflammatory mediators and profibrotic signals, 
leading to a more favorable surgical outcome.66 In cases 
of periarticular knee trauma associated with quadriceps 
muscle injury (e.g., from femoral external fixator pin 
placement or extensive quadriceps elevation during 
surgical fixation).67 Initial manipulation under anesthesia 
(MUA) and more severe cases may require open release 
and quadricepsplasty.68,69 The treatment objective is the 
mechanical disruption of adhesions and contractures via 
aggressive physiotherapy, physical joint manipulation, and 
surgical release and debridement.66 While these techniques 
have offered a basic need in treating arthrofibrosis and or 
treatment, the progress in identifying biochemical mediators 
and pharmacologic options is beginning to catch up.70

There have been improvements in pharmacological 
treatments, such as intra-articular injections of collagenase 
clostridium histolyticum, which has been used successfully 
in Dupuytren’s disease of the hand.71,72 Understanding the 
mechanism of action and underlying pathophysiology 
being a somewhat similar disease to arthrofibrosis may be 
the key to more pharmaceutical management in treating 
arthrofibrosis.

The use of antifibrotic agents has been explored; one of 
these is the use of Relaxin-2, a hormone secreted by the 
placenta that promotes tissue laxity by inhibiting fibrinogen 
and collagen expression.73,74 Relaxin-2 has been shown to 
reduce concentrations of type-1 collagen and can inhibit 
the activity of myofibroblasts at a biochemical level. While 
this has only been demonstrated in a murine model, if it 
can be reproduced in human subjects, it may offer a strong 
alternative or combination treatment in arthrofibrosis. 
Another option being explored is intra-articular injection of 
anakinra, an interleukin-1 (IL-1) receptor antagonist.75

Current pharmacological interventions show promise but 
necessitate further research. Understanding the underlying 
pathophysiology and the role of biochemical mediators may 

offer new avenues for pharmaceutical management. As the 
field advances, these developments promise better outcomes 
for arthrofibrosis prevention and treatment.

Nonsurgical management

Non-operative treatment has shown varying levels of 
success. A recent study revealed that high-intensity home 
mechanical stretch therapy effectively restored knee flexion 
within two months or less.76 This approach was shown to 
prevent additional surgery and minimize emotional distress, 
irrespective of sex, age, or worker’s compensation status.76 
The authors recommended a high-intensity stretching 
program for any patient at risk of secondary motion loss 
after surgery. The 6-10 week program provided an average 
of > 25o of flexion gain.76

Dynamic splinting in children and adolescents 
with stiffness after knee surgery

Dynamic splinting offers another alternative to surgical 
intervention.77,78,79,80 It uses a bracing approach that gradually 
lengthens scar tissue via constant force and a spring-loaded 
coil. This method has been effective in preventing the need 
for surgical intervention in up to 58% of patients, according 
to one study.81 That study also showed that higher gains in 
flexion significantly reduced the risk of subsequent need for 
manipulation under anesthesia (MUA)—all of the patients 
who did receive MUA after dynamic splinting resulted in 
improvements in ROM. In the case of those who failed 
dynamic splinting and required a surgical intervention, the 
procedure was simplified, and the authors found improved 
motion in postoperative recovery.81 Dynamic splinting has 
been recommended for pediatric patients with postoperative 
knee arthrofibrosis within six weeks to 30 months post-
surgery, especially those who have undergone combined 
procedures. Individuals who have also undergone combined 
procedures such as ACLR with meniscal repair or other 
ligamentous reconstruction, as well as advanced chondral 
repair,82 can warrant earlier consideration for dynamic 
splinting.

Surgical management

The surgical management typically involves arthroscopic 
lysis of adhesions (LOA). The primary indication for LOA is 
restricted knee range of motion, with no specific agreement 
on defined measures and a wide variability amongst 
surgeons based on preference. An objective measure that 
can be used as an indication is a failure to achieve a 90o 
arc of range of motion (ROM) within six weeks following 
ligamentous knee reconstruction.

A recent review assessed the effectiveness and safety of 
the procedure done in conjunction with manipulation under 
anesthesia (MUA). Eight studies involving 240 patients 
were included in the analysis, and the results indicated 
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that arthroscopic LOA and MUA significantly improved 
the range of motion (41.6o). Moreover, clinically relevant 
improvements in various outcome measures were observed. 
Regarding safety, only one complication (a synovial fistula) 
was resolved without further intervention. These findings 
suggest that arthroscopic LOA and MUA are safe and 
effective treatment for postoperative knee arthrofibrosis.83 
Specifically looking at the pediatric population, a recent 
study revealed that LOA/MUA significantly improved 
ROM in 90% of patients, with only 10% requiring 
revision surgery. Preoperative dynamic splinting enhanced 
preoperative flexion but did not considerably influence 
postoperative ROM or the likelihood of treatment failure.82

Many have advocated for a short course of aggressive 
inpatient physical therapy, often with the use of continuous 
epidural anesthetic.

Conclusion

Arthrofibrosis in pediatric patients has similarities to the 
adult population but also exhibits distinctions requiring a 
nuanced approach. A deep understanding of these differences 
is essential for effective arthrofibrosis management in the 
pediatric population, from injury prevention to surgical 
procedures to restore knee function. Emphasizing prevention 
through early mobilization and timely surgical interventions, 
when necessary, is a crucial aspect of managing arthrofibrosis 
and its debilitating impact. Additionally, exploring non-
surgical or minimally invasive treatment modalities, such as 
physiotherapy and pharmacological therapies, is vital for the 
future of arthrofibrosis management. As research in this field 
expands, focusing on the pediatric population is essential, 
as it will require unique perspectives and customized 
interventions to achieve optimal patient outcomes.
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