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Abstract
Objective Heterotopic ossification (HO) of the knee joint is
seen in up to 42% of patients following total knee arthroplasty
(TKA). Despite this prevalence, there is a paucity of data to
validate the efficacy and after effects of prophylactic radio-
therapy (PRT) to the knee to prevent HO. We report retro-
spectively our institution’s experience with 12 patients treated
with PRT of the knee joint. We also present a classification
scheme and review the indications for PRT following TKA.
Methods Between 1999 and 2010, 112 patients were treated
at our institution with PRT for prevention of HO. Of these
patients, 12 underwent PRT to the knee joint and were
included in our analysis. All patients were treated with one
fraction of PRT to a total dose of 700 cGy. Primary end
points were joint range of motion (ROM) and HO forma-
tion. ROM was evaluated as “limited” or “full” by the
patient’s surgeon or primary care provider at the most recent
follow-up examination. The most recent radiograph was
evaluated for presence of HO.
Results With a median follow-up time of 78 months (range,
1–132 months), 0/12 patients had evidence of HO on x-ray

imaging. Full ROM was documented in 11/12 patients. One
patient had limited ROM at the most recent follow-up due to
severe osteoarthritis. No patient had impaired mobility or
ROM directly attributed to fibrosis or late effects of PRT.
Conclusion Based on our retrospective analysis, PRT
appears to be a safe, effective treatment for prophylaxis of
HO in the knee joint.
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Introduction

Although heterotopic ossification (HO) is a common, well-
characterized phenomenon in the hip joint, data regarding
the classification and natural progression of HO in the knee
joint are scarce. Given the abundance of information about
the hip in the literature, patients at high risk for HO forma-
tion in the hip joint are now identified with relative ease, and
prophylactic radiotherapy (PRT) or nonsteroidal anti-
inflammatory drugs (NSAIDs) are offered routinely. Con-
versely, there is a paucity of data to support PRT or NSAID
prophylaxis in patients undergoing surgical manipulation of
the knee joint.

Similar to HO of the hip, HO of the knee consists of
idiopathic bone formation in soft-tissue structures, which can
cause nerve entrapment, joint dysfunction, or ankylosis. It is
most commonly observed following surgery, trauma, neuro-
logical injury, or burns [1–3]. Rare hereditary forms such as
fibrodysplasia ossificans progressiva, progressive osseous
heteroplasia, and Albright’s hereditary osteodystrophy have
also been described [4]. HO of the knee has been reported in
patients with severe arthritis, hyperostosis, ankylosing
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spondylitis, infection, manipulation of the distal femur during
surgery (for example, the “press-fit” surgical technique), and
in patients who previously had HO of any joint [1, 4–6].

Primary prevention of HO has routinely been offered to
high-risk patients because the incidence of HO following
total hip arthroplasty (THA) has been reported to be as high
as 50 % [7, 8]. Similarly, HO following total knee arthro-
plasty (TKA) has been observed in up to 42 % of patients
[9–12]; however, prophylaxis for HO has only been reported
as secondary prevention following surgical resection of
clinically apparent HO [13] but never as primary prevention
in high-risk patients. Indeed, at least one author has argued
against HO prophylaxis in the knee joint because its clinical
significance was perceived as questionable [14]. Whereas
HO of the knee is commonly a self-limited process that
spontaneously resolves in some patients, multiple studies
now report significant morbidity related to knee HO, such
as pain, decreased range of motion (ROM), impaired ambu-
lation, and ankylosis of the knee joint [12, 13, 15–23].

The pattern of HO formation in the knee joint follows a
distinctly different process from that observed in the hip joint.
HO of the knee is most commonly observed initially either in
the periarticular soft tissues or along the anterior edge of the
distal femur. Deposits of HO are frequently observed in the
medial aspect of the knee joint in the area known as the
quadriceps expansion [13]. HO following TKA appears to
depend in part on the surgical technique used, such as splitting
of the quadriceps tendon and notching of the femur, which
have been associated with high rates of HO [1, 6].

Because the hip joint is the most common site of HO, the
majority of data regarding HO prophylaxis and treatment
have been focused there. Although surgery remains the most
effective salvage treatment for HO, radiation therapy (RT)
and NSAIDs have proven to be effective prophylactic meas-
ures for patients at high risk of developing HO around the
hip joint [24]. Clinicians have feared that RT prophylaxis
may cause radiation-induced fibrosis and malignancy, but
several studies have found that the incidence of such com-
plications is extremely low [13, 25–30]. Furthermore, many
clinicians prefer RT because of the increased risk of non-
union with the use of NSAIDs [31, 32].

Whereas the classification scheme devised by Brooker et
al. [33] has become the accepted standard for HO of the hip
joint, classification of HO in the knee joint is poorly described.
Prior attempts at classification of the disease have failed to
detail the full spectrum of clinical presentations and have been
criticized for their limited practical utility [9–12, 34].

The only scientific data that exist on HO of the knee
consist of retrospective studies examining its incidence after
TKA [7–12] and the use of RT for secondary prophylaxis
after HO excision [13]. In this retrospective analysis, we
present our experience with primary prevention of HO in the
knee joint in 12 patients who received RT for HO

prophylaxis. We found no reports in the literature on use
of RT as primary prophylaxis of HO rather than as second-
ary prevention following HO formation. We also propose a
novel yet comprehensive classification system for HO of the
knee and identify comprehensive risk factors that can guide
the clinician in offering RT for primary prevention follow-
ing TKA.

Methods

Between 1999 and 2010, 112 patients were treated prophy-
lactically at Drexel University College of Medicine, Hahne-
mann University Hospital for HO. Of these patients, 91
underwent RT for HO prophylaxis in the hip joint and nine
patients, in the elbow joint. We identified retrospectively 12
patients who underwent PRT for HO of the knee joint.
Patients included eight men and four women. Median age
was 46 years (range, 32–62 years). Follow-up was at the
discretion of the surgeon. All patients were seen within
1 year of surgery. Median follow-up time was 78 months
(range, 1–132 months). All patients had at least one high-
risk feature for HO formation in the knee. Patient character-
istics are shown in Table 1.

Simulation and treatment were performed within 72 h of
surgery in all patients. All patients were treated with op-
posed anterior and posterior fields measuring a median of
10.5 cm wide (range, 8.5–11.5 cm)×12.0 cm long (range,
10.0–16.0 cm). We made sure that our treatment fields
included the quadriceps expansion and patellar tendon.

Skin-sparing technique was employed, with a minimum
of a 1-cm strip of skin spared on either side of the patella to

Table 1 Patient characteristics

Patient Sex Age
(years)

Knee
undergoing
RT

Indication for RT
prophylaxis

1 F 32 Left Trauma

2 M 43 Right Ankylosing spondylitis

3 M 36 Left Trauma

4 F 58 Right Prior HO in hip joint

5 M 62 Right Severe OA

6 F 51 Left TKA revision, OA

7 M 49 Left Surgical technique

8 M 38 Left Trauma

9 M 34 Right Trauma

10 F 57 Right Severe OA

11 M 52 Right Surgical technique

12 F 33 Left Trauma

HO heterotopic ossification, OA osteoarthritis, RT radiotherapy, TKA
total knee arthoplasty
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prevent impaired lymphatic drainage. All patients were
treated with one fractional dose of radiation using a high-
energy linear accelerator to a total dose of 700 cGy. Dose
was prescribed to midplane with equally weighted fields.
Pretreatment portal films were obtained to ensure accuracy
of RT delivery. Primary end points were joint ROM and HO
formation. Both active and passive ROM were evaluated
and documented as either “limited” or “full” ROM at the
time of the most recent follow-up with either the patient’s
surgeon or primary care provider. All radiographs of the
involved joint from the time of surgery until the most recent
follow-up were evaluated for HO formation.

Results

With a median follow-up time of 78 months, none of our 12
patients had radiographic evidence of HO at any point from
the time of RT administration until the most recent follow-
up (Table 2). ROM was reported as “full” in 11 of the 12
patients. At the most recent follow-up visit, one patient
reported “limited” ROM that was attributed to severe oste-
oarthritis (OA). None of the patients had impaired mobility
or impaired ROM directly attributed to fibrosis or late
effects of RT. No secondary malignancies were identified.

Discussion

Our study demonstrates that PRT is a safe and effective
therapy for HO prevention in the knee joint. In comparison
with HO of the hip joint, HO of the knee joint has been a
poorly defined entity. Whereas identification of high-risk
patients and indications for prophylaxis in the hip joint are

widely accepted, HO of the knee joint remains more mys-
terious. Classification of the disease and indications for
treatment of HO of the knee joint has largely been borrowed
from the literature about the hip, despite the fact that each
condition follows a distinct clinical course. The goal of this
study was to demonstrate the safety and efficacy of RT
prophylaxis as primary prevention of HO of the knee joint.
We also sought to put forth indications for RT prophylaxis
as well as a classification system for HO of the knee, based
on a review of published literature.

Incidence of clinically significant HO of the knee

Heterotopic ossification is a well-documented phenomenon
associated with joint surgery, traumatic fracture, spinal cord
trauma, burns, and head injury [15]. Although HO is known
to occur in all large joints in high-risk patients, the majority
of published articles pertain only to the hip joint, in which
the incidence of HO following THA is at least 50 % [7].
Whereas many patients who develop HO in the hip joint are
asymptomatic, nearly 25 % of patients who develop HO in
the hip joint will develop joint pain, decreased ROM, or
even ankylosis [26].

Indications for HO prophylaxis in the hip joint are likewise
well documented. In 1981, Coventry and Scanlon [27] were the
first to document the effectiveness of RT as postoperative
prophylaxis for HO in the hip joint. Subsequent investigators
have also demonstrated the effectiveness of this technique [26,
28]. Equivalence of a single fraction over multiple fractions of
radiation has also been demonstrated [28, 29]. Many institu-
tions extrapolate data from the hip literature to other joints;
however, there is a paucity of data to support HO prophylaxis in
joints other than the hip. The use of RT for primary prevention
of HO in the knee joint is limited to a single case report [30].

Table 2 Results of range of
motion and radiographic review

HO heterotopic ossification, RT
radiotherapy

Patient Sex Age
(years)

Knee
undergoing
RT

Range
of motion

Radiographic
evidence
of HO

Follow-
up (month)

1 F 32 Left Full No 1

2 M 43 Right Full No 18

3 M 36 Left Limited No 96

4 F 58 Right Full No 53

5 M 62 Right Full No 72

6 F 51 Left Full No 48

7 M 49 Left Full No 132

8 M 38 Left Full No 96

9 M 34 Right Full No 106

10 F 57 Right Full No 84

11 M 52 Right Full No 94

12 F 33 Left knee Full No 12
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HO is known to develop in 4 to 42 % of patients follow-
ing TKA [9–12]. From experience at a Japanese hospital,
Toyoda et al. [14] reported an incidence of HO in 39 % of
patients at an average of 4 weeks postoperatively following
TKA. Risk factors significant for HO formation included
severe OA, press-fit fixation of the tibia during TKA, and
preoperative osteophyte formation. However, despite the
high incidence of HO, examination of patients at 1 year
demonstrated no effect of HO on range of motion. The
extent of HO was noted to stabilize at 1 year, and HO even
resolved spontaneously in several patients. Although the
authors of this study did not examine other symptoms relat-
ed to HO (for example, pain in the joint), they concluded
that prophylaxis, including postoperative RT, was not
recommended.

The Japanese experience is inconsistent with that of
several other researchers who have reported cases of symp-
tomatic HO in the knee joint. Rader et al. [12] published a
large retrospective report of 615 TKA procedures performed
in 558 patients. The authors reported an incidence of HO in
54/615 patients (9 %). Four of the patients who developed
HO had severe pain and limited ROM with dysfunction of
the extensor apparatus. Surgical excision and administration
of indomethacin were successful in alleviating symptoms in
two of the four patients. The authors concluded that HO
prophylaxis should be considered in high-risk patients, in-
cluding those with marked hypertrophic arthrosis or marked
periosteal damage during TKA (for example, press-fit sur-
gical technique).

In a retrospective study, Fuller et al. [16] reported on 17
patients (22 knees) who developed HO of the knee follow-
ing neurological injury. The patients in this study reported
pain and demonstrated decreased ROM. Surgical excision of
HO was used to alleviate these symptoms.

In a small case series reported by Chidel et al. [13],
symptomatic HO of the knee was treated in five patients
(sic knees). In addition to reports of pain and decreased
ROM, one patient had near ankylosis of the posterior aspect
of the joint with severely limited ROM.

Mitsionis et al. [35] retrospectively analyzed all cases of
HO from a single institution from 1999 to 2006. During this
period, 117 joints were identified with the presence of HO.
Clinically significant HO of the knee was reported in 20 %
of all joints analyzed. Surgical debulking of knee HO was
performed on 23 joints, and postoperative ROM improved
in 82 %. Patients also had improved ambulation in 57 % of
cases and improved sitting ability in 93 % of cases.

Based on this evidence, it is clear that HO of the knee joint
is not only common but also commonly problematic. Given
the lack of comprehensive guidelines to identify at-risk
patients, current practice does not involve HO prophylaxis
of the knee in most patients. Instead, treatment is delayed until
HO manifests itself—a dramatically different approach to HO

treatment in the hip joint. Although most patients can be
effectively salvaged with a combination of surgery and either
postoperative RT or NSAIDs (such as indomethacin), a more
prudent approach would be to prevent HO formation, effec-
tively sparing patients further surgery.

Chalidis et al. [36] recently investigated the issue of early
compared with late intervention of HO. Their study was
designed to address whether there is a benefit in allowing
HO to fully develop before offering surgical therapy. In this
meta-analysis, the authors reviewed all surgical literature in
an attempt to determine whether patients could be treated
“too early” for HO formation. In their review of 255 patients
across 16 studies, the authors reported no difference in
functional outcomes in patients who underwent HO excision
within 13 months of diagnosis versus 30 months of diagno-
sis. In each of the 16 studies examined, patients undergoing
surgical treatment of HO were thereafter treated with either
RT or NSAIDs for further HO prophylaxis. The meta-
analysis suggests that PRT, whether offered early or late in
the course of HO pathogenesis, is effective in preventing
further HO, as long as no gross disease is apparent (for
example, following surgical excision of HO).

Thus it makes sense to offer HO prophylaxis as early as
possible —including before HO is even clinically apparent
—in high-risk patients. This approach would spare many
patients the morbidity of invasive surgery and the morbidity
of potentially irreversible joint damage from ectopic bone.
Such an approach has been successful in the hip joint and
lends itself to investigation in other large joints, such as the
knee, where HO commonly occurs.

Indications for HO prophylaxis in the knee joint

In Table 3, we propose indications for HO prophylaxis in the
knee joint. Although prior publications have identified indi-
vidual risk factors for HO of the knee following TKA [7,
9–16, 35–38], our report represents the first comprehensive
attempt to offer guidelines for HO prophylaxis in the knee
joint. Although our review of the literature was as complete
as possible, given the relative rarity of HO of the knee, the
sparse data may not have allowed us to identify every
possible risk factor for HO formation in the knee joint. For
example, HO of the knee joint has been reported following
traumatic brain injury and spinal cord injury; however,
further studies are needed to identify which patients among
this cohort with neurological injury would benefit from
prophylaxis via RT or NSAID administration.

Justification for these indications stems from a comprehen-
sive review of the published literature pertaining to HO of the
knee joint. Severe OA has been recognized in multiple studies
as a risk factor for HO formation following TKA [9–16,
35–38]. Scott et al. [37] demonstrated that postoperative HO
formation occurred in 76 % of patients with OA and
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osteophyte formation. Trauma was identified as a risk factor
by Potter et al. [38], who demonstrated the presence of HO in
64% of patients following trauma to the joint, with severe HO
in 34 %. In multiple studies, patients with a history of HO
have shown a predilection for future HO [13, 15].

We found no other reports in the literature of the use of RTas
primary prevention of HO in the knee joint. Chidel et al. [13]
demonstrated the effectiveness of RT in the postoperative set-
ting following TKA. However, all patients reported in this
study were offered RT as secondary prevention following ex-
cision of preexisting HO in the knee joint. Seventeen percent of
the patients reported in Chidel’s study had persistently impaired
ROM, lending support to the idea of primary prevention over
secondary prevention of HO. It stands to reason that sparing
patient’s surgical excision as salvage, which is not always
effective, would be an attractive option. Prevention of HO
could drastically improve quality of life in patients who, with-
out effective prophylaxis, would develop symptomatic HO
with pain and impaired ROM. Patients selected for RT prophy-
laxis in our study were deemed high risk owing to the presence
of severe OA and a history of HO formation, trauma, and the
surgical technique used.

Classification of HO of the knee joint

In addition to unclear indications for HO prophylaxis, over-
all classification of HO of the knee joint has not been widely
adopted as has classification of HO of the hip joint. Since

1973, the Brooker classification of HO of the hip joint [33]
has been widely accepted and adopted in documenting both
location and severity of HO within the hip joint. However,
there is no uniformly accepted classification system for HO
of the knee joint. Two authors have introduced grading
systems based on observational studies of HO development
in small samples of patients (Table 4) [9, 11]. However, the
so-called Figgie and Harwin grading systems have been
criticized as inadequate in classifying all patients with HO
of the knee. In attempting to apply either or both of these
schemes to patients for whom RT prophylaxis was being
considered, one author noted that “neither of these systems
was adequate in evaluating all of [his] patients” [13].

For a classification system to be useful and recognized, it
must be a valuable tool for both the radiotherapist and the
surgeon. We present a model of HO classification specific to
the knee joint in Table 5. Figure 1 represents an illustrated
version of the classification system.

Similar to the Brooker classification system, we outline
classes from 0 to 4 with a grade of “0” representing no
evidence of HO and a grade of “4” representing complete
ankylosis of the knee joint due to HO. Each class is further
subdivided into “A,” for no symptoms related to HO, or “B,”
for any patient with symptomatic HO of the knee (for exam-
ple, pain or limited ROM).

Classes 1–3 of our system were derived from a thorough
review of the literature in an attempt to identify all known
prognostic features of the disease. We emphasized function

Table 3 Indications for RT pro-
phylaxis for HO in the knee joint

HO heterotopic ossification, RT
radiotherapy, TKA total knee
arthroplasty

Preoperative diagnosis of osteoarthritis with osteophyte formation

Surgical manipulation of the knee following traumatic injury

TKA with known history of HO in any joint

TKA revision

Periosteal damage via surgical technique (including notching of anterior femur and cementing of tibia)

Elevated lumbar bone mineral density

Ankylosing spondylitis

Table 4 Comparison of Figgie and Harwin classification schemes for heterotopic ossification of the knee joint

Figgie
grade

Description Harwin
grade

Description

0 No evidence of HO 0 No evidence of HO

I Progressive HO in at least 1 compartment
of the knee, without spur formation

I Sessile HO attached to the periosteum of the anterior femur, limited to
suprapatellar pouch

II Progressive HO in at least 1 compartment
of the knee, with spur formation (>1 mm)

II Amorphous or globular HO pattern limited to the quadriceps expansion

III Complete bony ankylosis IIIa Combination of sessile and globular pattern, involvement of <75 % of
the height of the soft tissues on lateral radiograph

IIIb Combination of grades 1 and 2 with involvement of >75 % of the height
of the soft tissues on lateral radiograph

HO heterotopic ossification
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over form because, in tailoring a treatment approach, the
location of HO is not nearly as important as the symptoms
of HO to either the surgeon or the radiotherapist.

In keeping with this philosophy, Daugherty/Bell class 1
HO of the knee represents the presence of HO that is least
likely to cause the patient any symptoms. It is well docu-
mented that HO of the knee commonly arises in the area of
the quadriceps expansion. Early (or clinically insignificant)
HO has also been documented in the periarticular knee. Many
of the patients with this condition can likely be spared surgical
intervention in favor of observation, because many authors
have reported stability in the growth of this type of HO at
1 year or even spontaneous resolution. Our class 1B category
stratifies the rare patient with patchy HO of the periarticular
knee that causes symptoms. Surgical intervention, followed
by radiation prophylaxis, seems prudent in this cohort.

Daugherty/Bell classes 2 and 3 represent HO that is more
likely to be clinically significant. In class 2, HO begins to
involve the major bones of the knee joint with spur formation
limited to a size of 5 cm. The size cutoff of 5 cm was selected
because of the data presented by Furia and Pellegrini [15],
who identified this size criterion as most likely to affect ROM
of the joint. If HO involves more than one bone in the knee
joint, a gap of >1 or <1 cm distinguishes class 2 from class 3
and was incorporated from the Brooker system for the hip
[33]. HO class 2 may be observed in select patients with
complete ROM and no reported pain. Patients with class 3
HO would likely always benefit from surgical excision fol-
lowed by RT prophylaxis. Certainly patients in either cohort
with a subclass “B” assignment (symptomatic) would benefit
from treatment. All patients with class 4 HO require treatment
to alleviate ankylosis.

Table 5 Daugherty/Bell classification of HO of the knee

0 No evidence of HO

1 Bone islands in periarticular soft tissue (no involvement of femur, patella, or tibia) or HO within quadriceps expansion measuring <1 cm

2 Spur formation measuring <5 cm that involves the femur, patella, or tibia; if more than one bone demonstrates HO, separation of HO spurs
measure >1 cm or HO within quadriceps expansion measuring ≥1 cm but <3 cm

3 Spur formation >5 cm involving femur, patella, or tibia; if more than one bone demonstrates HO, separation of HO spurs measure <1 cm or HO
within quadriceps expansion measuring ≥3 cm

4 Extensive HO of the knee causing ankylosis

HO heterotopic ossification

Fig. 1 X classification system
for HO of the knee joint. a
Grade 1 HO; b grade 2 HO; c
grade 3 HO; d grade 4 HO. See
Table 5 for detailed descriptions
of respective grades
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In all patients, prophylaxis of HO would be preferable to
salvage treatment after development of symptomatic HO in
the knee joint. However, some physicians are leery of RT
prophylaxis because they are concerned about the side
effects of RT, primarily fibrosis and secondary malignancy.
In our series of 12 patients, the largest published series to
date for RT prophylaxis in the knee joint, no patient devel-
oped limited ROM attributable to RT. In the only other
reported series of RT for HO prevention, Chidel et al.
demonstrated similar results in six patients and reported no
clinically significant fibrosis. Although the risk of radiation-
induced fibrosis is certainly not zero after a single dose of
700 to 800 cGy, the preceding data corroborate the reported
fibrosis dose threshold of 10 to 20 Gy for single-fraction
treatment and >50 Gy for fractionated RT [39].

Even more concerning than fibrosis would be the develop-
ment of a secondary malignancy. Radiation-induced malig-
nancy is a rare occurrence, but there is no threshold dose
below which there is no risk. In our study, no malignant
tumors were reported to develop within the treatment portal.
Our data are consistent with those of the Memorial-Sloan
Kettering Cancer Center, which has reported no cases of
radiation-associated tumors with doses <30 Gy [30].

Conclusion

Radiotherapy delivered in a single fraction of external beam
treatment has been proven effective following THA in high-
risk patients. Many clinicians extrapolate this experience to
non-hip joints, despite limited published clinical experience.
HO of the knee is a separate and distinct entity, which has
been shown to follow a clinical course different from that of
HO of the hip. Accordingly, HO in non-hip joints, including
the knee, merits distinct indications for RT prophylaxis and
a distinct classification system. In our series of 12 patients,
RT prophylaxis was shown to be safe and effective in
preventing HO formation in high-risk patients.
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