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Abstract

Background Results of treatment for acute knee disloca-

tions and multiligament knee injuries may be influenced by

a multitude of patient- and injury-related factors, including

neurologic function, vascular status, ipsilateral fractures,

and joint stability. The development of heterotopic ossifi-

cation (HO) may nullify any benefits of reconstruction,

because it can cause stiffness and discomfort. Identifying

factors associated with HO after knee dislocation may help

identify patients who might benefit from prophylaxis.

Questions/purposes The purposes of this study were (1)

to identify specific risk factors for the development of HO

in patients with knee dislocation; and (2) to elucidate the

relationship between the presence of absence of HO and

postoperative range of motion.

Methods Between 2005 and 2010, we performed 101

multiligament reconstructions for patients with knee dis-

locations, of which 91 (90%) in 91 patients were available

for followup at a minimum of 6 months (mean, 18 months;

range, 6–44 months), and were reviewed here. AP and

lateral radiographs were reviewed for all patients and HO

was classified according to the Mills and Tejwani classi-

fication system. This knee dislocation cohort was separated

into two groups based on the presence or absence of HO for

comparison. Using a significance level of p \ 0.05 for

factors in the univariate analyses, we identified potential

variables for a multivariate logistic regression model to

identify risk factors predicting development of HO in

patients with multiligament knee injuries; multivariate

analysis then was performed to mitigate the influence of

potentially confounding variables. Thirty patients (34%)

developed HO after multiligament knee injury in our series.

Results Posterior cruciate ligament reconstruction was

the only independent predictor of HO that we identified

(odds ratio, 6.3; 95% confidence interval, 1.2–34.6).

Patients who developed HO were more likely to develop

stiff knees and undergo surgery (50%; 15 of 30 patients)

versus those without HO (12%; seven of 58 patients) to

attempt to restore functional range of motion (p \ 0.001).

Conclusions HO is a common complication after knee

dislocation and can diminish range of motion and cause

patients to undergo further surgery. Posterior cruciate

ligament reconstruction is an independent risk factor for

the development of HO. Strategies to identify risk factors

for, and safe prevention of, HO after multiple liga-

ment injury and surgery should be investigated going

forward.
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Level of Evidence Level III, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Heterotopic ossification (HO) is the formation of bone in

soft tissue or any area outside the human skeleton where it

normally does not exist. Its development is thought to stem

from an alteration in normal skeletogenesis [4, 11] and can

occur in the context of musculoskeletal trauma, spinal cord

injury, burns, or traumatic brain injury [1–3, 6, 9].

HO is a recognized complication of knee dislocation.

Patton and Tew [8] described three patients with knee

dislocations after high-energy trauma who all underwent

early ligament reconstructive surgery. All three patients

showed radiographic evidence of HO at approximately

6 weeks postoperatively with two of the three patients

requiring additional surgery in the form of arthroscopic

lysis of adhesions and manipulation under anesthesia

(MUA) to improve ROM. Both the timing of surgery and

posterior cruciate ligament (PCL) reconstruction were

theorized to be contributing factors for the development of

HO. Two series have described the prevalence of HO after

knee dislocation with incidence rates varying from 26% to

Fig. 1A–D Classification of HO is demonstrated (Mills and Tejwani

[5]): (A) Type I: medial and/or lateral collateral or capsular HO; (B)

Type II: medial and/or lateral collateral or capsular HO and posterior

femoral HO; (C) Type III: medial and/or lateral collateral or capsular

HO and posterior tibial HO; (D) Type IV: knee spanning medial,

lateral, or posterior ankylosing HO.

Volume 472, Number 9, September 2014 HO After Knee Dislocation 2699

123



43% [5, 13]. Neither of these studies used a multivariate

regression model to identify independent risk factors for

the development of HO. In a series of 35 patients, Mills and

Tejwani [5] determined a high degree of injury, as reflected

by an Injury Severity Score [ 26, to be a significant risk

factor for the development of ankylosing-type HO after

surgical treatment for knee dislocation, whereas timing and

type of surgery had no statistical influence on the degree of

HO formation (Fig. 1).

The development of HO can impair a patient’s recovery

and rehabilitation after a traumatic knee dislocation and

can also nullify the expected benefits of subsequent

reconstructive surgery primarily through associated stiff-

ness and discomfort. Furthermore, development of HO

postoperatively may cause patients to undergo additional

surgery, further compromising the patient’s rehabilitative

course and prolonging their return to work and activity.

Potentially modifiable factors include the timing of sur-

gery, the type of reconstruction or repair, surgical

approach, and external fixator application in the setting of

acute dislocation. A more comprehensive understanding

of the risk factors for the development of HO in the setting

of knee dislocation may help guide the treating physician in

the management of these complicated injuries and aid in

the decision to implement HO prophylaxis.

We therefore sought to (1) identify specific risk factors

for the development of HO in patients with knee disloca-

tion; and (2) elucidate the relationship between the

presence of absence of HO and postoperative ROM.

Patients and Methods

This study was approved by the research ethics board at our

institution. Between 2005 and 2010, we performed 101

multiligament reconstructions for patients with knee dis-

locations, of which 91 of 101 (90%) in 91 patients were

available for followup at a minimum of 6 months (mean,

18 months; range, 6–44 months), and were reviewed here.

Patient records were extracted from a knee dislocation

database of prospectively collected data at a single aca-

demic trauma center in Toronto, Ontario, Canada.

Inclusion criteria were the presence of a knee dislocation or

multiligament knee injury (defined as the concomitant

disruption of at least one cruciate and collateral ligament)

as identified on clinical examination and/or radiographs at

initial presentation. Patients without radiographic evidence

confirming a dislocation at the time of presentation (such as

those patients referred to our institution after a reduction at

another hospital) were confirmed to have a multiligament

knee injury by MRI and clinical examination. Ten patients

were lost to followup before a minimum of 6 months, and

three patients were excluded from our analysis for a total of

88 cases. Reasons for exclusion included severe head

injury that prevented appropriate followup and clinical

examination (two patients) or death shortly after the injury

(one patient). All clinical notes were reviewed and the

following data were extracted: patient age, sex, mechanism

of injury, presence of a closed head injury, associated

fractures, ligamentous injuries, vascular injuries, fibular

head fractures, application of a joint-spanning external

fixator, and the type and timing of reconstructive surgery, if

performed. The mechanism of injury was stratified into

low- and high-energy mechanisms. Injuries that occurred

as the result of (1) motor vehicle or motorcycle collisions;

(2) pedestrian struck by a moving vehicle; or (3) collision

sports were considered high-energy. All other injury

mechanisms (eg, falls) were classified as low-energy.

Ligamentous injuries were classified according to the sys-

tem for knee dislocations developed by Schenck [10] and

was based on the individual ligament disruptions detected

on clinical examination and MRI. In this classification,

knee dislocation (KD) I describes a dislocation with one of

the cruciate ligaments intact (for example, a torn PCL,

posteromedial corner, and posterolateral corner [PLC] with

an intact anterior cruciate ligament [ACL]); KD II is a

bicruciate rupture with collaterals intact; in KD III, the

ACL, PCL, and one of the collateral ligaments are dis-

rupted (‘‘KD IIIL’’ for lateral and ‘‘KD IIIM’’ for medial);

and KD IV describes an injury where all four major liga-

ment groups are torn (both cruciates and both collaterals).

Subsequent modifications to the original classification

scheme have resulted in the addition of a further class, KD

V, to describe fracture dislocations [12]. For the purposes

of this study, we have used KD VI to refer to knee dislo-

cations with an associated vascular injury.

AP and lateral radiographs were reviewed and classified

according to the HO classification scheme developed by

Mills and Tejwani [5]: Type 0, no HO; Type I, medial and/

or lateral collateral or capsular HO; Type II, medial and/or

lateral collateral or capsular HO and posterior femoral HO;

Type III, medial and/or lateral collateral or capsular HO

and posterior tibial HO; and Type IV, knee spanning

medial, lateral, or posterior ankylosing HO.

Of the 88 patients whose records were analyzed, 69 of

88 patients (78%) were males and the average age was

33 years (range, 17–57 years). Injury occurred by a high-

energy mechanism in 49 of 88 patients (55%). Two of 88

patients (2%) had a significant closed head injury and 23 of

88 patients (26%) had an associated fracture. The most

common ligamentous injury pattern was KD IIIL, affecting

27 of 88 patients (31%). Six of 88 patients (7%) had an

associated vascular injury requiring surgery and 15 of 88

patients (17%) had a fibular head fracture. Sixteen of 88

patients (18%) had application of an external fixator as part

of the acute management after their injury. Sixty-eight of
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88 patients (77%) went on to have ligament reconstructive

surgery at an average of 242 days (range, 2–2006 days)

after the initial injury, whereas 20 of 88 patients (23%)

were managed nonoperatively (Table 1).

Data acquisition was performed by two authors (APD,

TT) and was done so in compliance with institutional

ethical requirements. All data were reviewed and verified

independently by the two authors. The knee dislocation

cohort was separated into two groups, based on the pre-

sence or absence of HO, for comparison. Means and SDs

were calculated for age; comparison was performed with

an independent sample Student’s t-test. The median and

interquartile range were calculated for time to reconstruc-

tion because of the nonnormal distribution; comparison

was performed using the Wilcoxon rank sum test. Fre-

quencies were calculated for categorical variables (sex,

mechanism of injury, injury classification, fibular head

fracture, and vascular injury) and compared using Fisher’s

exact test.

Radiographic evidence of HO on standard knee radio-

graphs was present in 30 of 88 patients (34%). Seventeen

of 30 patients developed Type 1 HO (57%), four of

30 patients developed Type II HO (13%), eight of 30

patients developed Type III HO (27%), and one of 30

patients developed Type IV HO (3%) according to the

Mills classification scheme [5]. Further characteristics of

the HO cohort are presented (Table 1).

In an exploratory univariate analyses (and using a

threshold significance level of p \ 0.05), we identified

potential variables for subsequent inclusion in a definitive

multivariate logistic regression model to identify inde-

pendent risk factors for development of HO. The predictor

variables we initially considered were age, sex, mechanism

of injury (by energy of trauma), and type of knee dislo-

cation (as per Schenk classification). If surgery was

performed, the time from injury to reconstructive surgery

and the specific ligaments that were addressed were also

considered as was the use of an external fixator. Other

potential risk factors for the development of HO were also

considered such as the presence of concomitant head

injury, vascular injury, or associated fractures. The choice

of predictor variables for the initial univariate model was

based on the senior author’s (DBW) experience as well as

other investigations, which have suggested these as

Table 1. Patient demographics and univariate analysis

Variable Knee dislocation cohort

(n = 88)

No HO cohort

(n = 58)

HO cohort

(n = 30)

p value

Age (mean [SD] in years) 33.4 (10.5) 31.8 (9.9) 36.7 (10.7) 0.031*

Sex (male) 69 (78.4%) 44 (76%) 25 (83.3%) 0.586

Head injury 2 (2.3%) 1 (1.7%) 1 (3.3%) 1.00

High-energy mechanism 49 (55.7%) 30 (51.7%) 19 (63.3%) 0.368

Associated fractures 23 (26.1%) 14 (24.1%) 9 (30%) 0.612

External fixator applied 16 (18.2%) 6 (10.3%) 10 (33.3%) 0.017�

Injury classification (Schenck)

KD I 19 (21.6%) 16 (27.6%) 3 (10%) 0.099

KD II 2 (2.2%) 1 (1.7%) 1 (3.3%) 1.00

KD IIIL 27 (30.7%) 17 (29.3%) 10 (33.3%) 0.808

KD IIIM 22 (35%) 18 (31%) 4 (13.3%) 0.076

KD IV 12 (13.6%) 4 (6.9%) 8 (25.7%) 0.018

KD V 6 (6.8%) 2 (3.4%) 4 (13.3%) 0.175

Vascular injury requiring reconstruction 6 (6.8%) 2 (3.4%) 4 (13.3%) 0.175

Fibular head fracture 15 (17%) 9 (15.5%) 6 (20%) 0.766

Reconstructive surgery 68 (77.4%) 44 (76%) 24 (80%) 0.791

PMC reconstruction or repair 25 (28.4%) 17 (29.3% 8 (25.7%) 1.00

PLC reconstruction or repair 39 (44.3%) 21 (36%) 18 (60%) 0.043�

PCL reconstruction 47 (53.4%) 26 (44.8%) 21 (70%) 0.042�

ACL reconstruction 53 (60.2%) 36 (62.1%) 17 (56.7%) 0.652

Time from injury to reconstruction

(median [IQR] in days)

242 (357.9) 311.3 (411.4) 136.2 (200.5) 0.046�

* Independent samples t-test; �Fisher’s exact test; �Wilcoxon rank sum test; HO = heterotopic ossification; KD = knee dislocation;

PMC = posteromedial corner; PLC = posterolateral corner; PCL = posterior cruciate ligament; ACL = anterior cruciate ligament;

IQR = interquartile range.
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important [5, 8, 13]. The outcome variable was the pre-

sence of HO on standard radiographs.

The preliminary univariate analysis comparing patients

with and without HO suggested statistically significant

differences between the two groups (HO versus no HO) in

age, external fixator application after the initial injury, time

from injury to surgical reconstruction, and percentage of

surgery involving PLC or PCL reconstruction. These

variables were subsequently included in the definitive

multivariate regression analysis model. The same pre-

liminary univariate comparison demonstrated the groups

were similar with respect to sex, presence of head injury,

mechanism of injury, presence of an associated fracture,

presence of vascular injury requiring surgery, and presence

of fibular head fracture. In terms of injury classification, the

only statistically significant difference between the two

groups was a higher frequency of KD Type IV injuries in

the HO cohort (p = 0.02). The numbers were small for this

particular comparison however (eight KD IV in the HO

group versus four KD IV patients in the non-HO group)

and it was not included on that basis.

The impact of HO on final ROM was also considered. Our

indication for MUA and arthroscopic lysis of adhesions was

an ROM arc \ 90� and/or a flexion contracture [ 20� at

3 months followup after the injury or after reconstructive

surgery. These groups were compared using Fisher’s exact

test. The primary goal of manipulation was to improve ROM.

Final ROM arcs were recorded for all patients and compar-

ison between the two groups was performed with an

independent sample Student’s t-test.

Results

PCL reconstruction was the only factor found to be an

independent predictor of HO in knee dislocation

(p = 0.025; odds ratio, 6.59; 95% confidence interval,

1.26–34.4) in the multivariate analysis. Age, external fix-

ator application, PLC reconstruction, and time from injury

to surgery did not demonstrate statistical significance in the

prediction of HO with other variables considered (Table 2).

A secondary exploratory analysis was performed to further

analyze the effect of time to surgery with more chronic

reconstructions omitted (wait time to surgery [ 500 days,

n = 13). The time to surgery threshold of 500 days was

chosen arbitrarily. The results of this secondary analysis

did not differ appreciably from the original in that time to

surgery was not found to be an independent risk factor for

the development of HO (Table 2).

Overall, 22 of 88 patients (25%) required surgery to

address knee stiffness (Table 3). Patients in the HO cohort

were more likely to undergo manipulation and/or arthro-

scopic débridement of arthrofibrosis (15 of 30 in HO cohort

[50%] versus seven of 58 in the non-HO group [12%];

p \ 0.001) (Table 3). The preoperative ROM arc in the

15 patients undergoing operative intervention to improve

their ROM was 61� (range, 15�–120�; SD = 31�), which

improved to 109� (range, 70�–140�; SD = 19�) postoper-

atively at final followup. Despite further operative

intervention intended to improve ROM in these 15 patients,

the final ROM arcs were still lower in the HO group than in

Table 3. Heterotopic ossification and ROM

Variable Knee dislocation cohort

(n = 88)

No HO cohort

(n = 58)

HO cohort

(n = 30)

p value

Stiffness requiring surgical intervention (MUA and arthroscopic

lysis of adhesions)

22 (25%) 7 (12.1%) 15 (50%) \ 0.001*

Final ROM arc 118.6 (15.8%) 123.2 (14.9) 111.7 (14.5) \ 0.001�

* Fisher’s exact test; �independent samples t-test; HO = heterotopic ossification; MUA = manipulation under anesthesia.

Table 2. Logistic regression modeling HO onto putative predictors

(n = 68)*

Independent factor OR for development

of HO (95% CI)

p value

Age, per year 1.04 (0.99–1.08) 0.162

External fixator applied 1.88 (0.43–8.27) 0.406

PLC reconstruction or repair 2.46 (0.65–9.28) 0.183

PCL reconstruction 6.59 (1.26–34.4) 0.025

Time from injury to

reconstruction, per week

0.99 (0.97–1.01) 0.159

After omitting individuals with a surgical waiting period [ 500 days

(n = 13 outliers)�

Age, per year 1.05 (0.99–1.11) 0.123

External fixator applied 1.82 (0.40–8.28) 0.439

PLC reconstruction or repair 2.33 (0.57–9.56) 0.241

PCL reconstruction 6.30 (1.17–34.06) 0.033

Time from injury to

reconstruction, per week

1.00 (0.97–1.04) 0.867

* Omnibus likelihood ratio test: v2(5) = 20.9, p = 0.001, c-statis-

tic = 0.82; �omnibus likelihood ratio test: v2(5) = 13.7, p = 0.018,

c-statistic = 0.77; HO = heterotopic ossification; OR = odds ratio;

CI = confidence interval; PLC = posterolateral corner; PCL = pos-

terior cruciate ligament.
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the non-HO group at last followup (123�; range, 85�–140�;

SD = 15� in the non-HO cohort versus 112�; range, 70�–

140�; SD = 14� in the HO cohort; p \ 0.05; Table 3).

Discussion

HO is an important complicating factor to consider when

managing patients after knee dislocation, but to our knowledge,

risk factors for its development have not been characterized in

large series. We were able to identify and quantify an

exhaustive list of possible risk factors for the development of

HO in a large cohort of patients with knee dislocation. A pre-

liminary univariate analysis identified potentially significant

variables for inclusion in a multiple regression analysis. When

we considered age, time to surgery, use of a fixator, and

whether a PLC or PCL reconstruction was performed for

multiligament knee injury, a multivariate regression analysis

demonstrated that concomitant PCL reconstruction was the

sole independent predictor for the development of HO.

Our retrospective cohort study has a number of notable

limitations. Many of the patients in our cohort were referred to

our Level I trauma center from other tertiary care institutions.

This selection bias may have resulted in a disproportionately

higher number of complicated knee dislocations with associ-

ated injuries. However, the rate of development of HO in our

cohort (34%; 30 of 88 patients) is comparable to the rates

described by Mills and Tejwani (43%) [5] and Stannard et al.

(26%) [13]. Our study is actually the largest cohort specifically

looking at HO. Despite our large numbers for a relatively

uncommon event, we are likely still underpowered given that

the optimal statistical model would include at least 10 events

for each variable of interest in the multivariate regression

model. Furthermore, we have considered HO as a binary, ‘‘yes

or no’’ event. In reality, the severity of the condition must also

be considered for its true impact to be realized. This would

undoubtedly take far more patients than were available to us at

a single center. Thirteen patients were lost as a result of

exclusions and issues with followup. This rate of loss,

although regrettable, is likely consistent with the traumatic

nature of the injury and followup in general for such patients

[7].

Patton and Tew [8] theorized a link between PCL

reconstruction and posterior capsular ossification in their

series of three patients who developed HO after knee dis-

location. Of note, the patients in this series underwent

surgical treatment at 16, 7, and 10 days after the injury,

further implicating the timing to surgery as a potential

factor in the development of HO after injury. Our analysis,

albeit potentially statistically underpowered, did not con-

firm time from injury to surgery as an independent risk

factor for postoperative HO development.

We found that patients with HO were more likely to

undergo further surgery to treat pain and functional limi-

tations and that even after repeat surgery, these patients had

less ROM than patients who never developed HO. We are

aware of two prior studies of HO after knee dislocation [5,

13]; however, those studies did not specifically address the

functional consequences of HO in this setting. We believe

this is an important area for future study given how often

these patients underwent further surgery to treat the

problem.

The risk of HO is an important consideration when

treating patients with knee dislocation and/or multiliga-

ment knee injuries. HO prophylaxis may be appropriate

if PCL reconstructions are considered part of surgical

treatment, but before a firm therapeutic recommendation

can be made on this point, prospective studies should be

performed; small numbers will almost certainly require

this work to be a collaborative multicenter trial. Imple-

mentation of prophylactic measures such as nonsteroidal

medications or radiotherapy must proceed with an

understanding of the potential risks involved. Should HO

develop after injury or surgery, ROM limitations can be

anticipated, and these may not respond to manipulation.
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