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Abstract

Background Heterotopic ossification (HO) is a common
extrinsic cause of elbow stiffness after trauma. However,
factors associated with the development of HO are
incompletely understood.

Questions/purposes We retrospectively identified (1)
patient-related demographic factors, (2) injury-related
factors, and (3) treatment-related factors associated with
the development of HO severe enough to restrict motion
after surgery for elbow trauma. We also determined what
percentage of the variation in HO restricting motion was
explained by the variables studied.

Methods Between 2001 and 2007, we performed surgery
on 417 adult patients for elbow fractures; of these,
284 (68%) were available for radiographs at a minimum of
4 months and clinical review at a minimum of 6 months
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after surgery (mean, 7.9 months; range, 6-31 months). HO was
classified according to the Hastings and Graham system.
Patients with HO restricting motion (defined as a Hastings and
Graham Class II or IIT) were compared with patients without
HO restricting motion in terms of demographics, fracture
location, elbow dislocation, open wound, mechanism of injury,
ipsilateral fracture, head trauma, time from injury to surgery,
number of surgeries within 4 weeks, total number of surgeries,
bone graft, and infection, using bivariate and multivariable
analyses. A total of 96 patients had radiographic HO, and in
27 (10% of those available for followup), it restricted motion.
Results There were no patient-related demographic fac-
tors that predicted the formation of symptomatic HO.
Ulnohumeral dislocation in addition to fracture (odds ratio,
2.38; 95% CI, 1.01-5.64; p = 0.048) but not fracture loca-
tion was associated with HO. Longer time from injury to
definitive surgery and number of surgical procedures in the
first 4 weeks were also independent predictors of HO
(p = 0.01 and 0.004, respectively). These factors explained
20% of the variance in risk for HO restricting motion.
Conclusions HO restricting motion after operative elbow
fracture treatment associates with factors that seem related
to injury complexity, in particular, ulnohumeral dislocation,
delay, and number of early surgeries; however, a substantial
portion of the variation among patients with elbow fracture
who develop restrictive HO remains unexplained.

Level of Evidence Level III, therapeutic study. See
Instructions for Authors for a complete description of
levels of evidence.

Introduction

Heterotopic ossification (HO) is one of the most common
extrinsic causes of elbow contracture after elbow trauma,
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consisting of the pathologic formation of mature lamellar
bone that is histologically identical to native bone [14]. The
prevalence of HO of the elbow has been reported to range
from 3% in simple dislocations to 45% in patients with
distal humerus fractures [1, 12, 16]. Part of this wide
variation is due to variations in the definition of HO, with
some studies including even small amounts of HO in the
ligaments.

Proposed risk factors for HO after elbow trauma based
on relatively small case series include head trauma [7, 8],
spinal cord injury [7], fracture type [1], elbow dislocation
[12, 16], time from injury to surgery [3, 4, 6, 12], and
severe burn [5, 11, 13]. Although these factors have plau-
sible predictive capacity, it remains uncertain how much of
the variation in HO is explained with clinical factors.

We therefore identified (1) patient-related demographic
factors, (2) injury-related factors, and (3) treatment-related
factors associated with the development of HO severe
enough to restrict motion after surgery for elbow trauma.
We also determined what percentage of the variation in HO
restricting motion was explained by the variables studied.

Patients and Methods
Study Cohort

We identified patients who underwent surgery for elbow
fractures at our center by reviewing billing records and
a trauma database. This study was approved by our
Human Research Committee. Between 2001 and 2007, we
performed surgery on 604 patients for elbow fractures. A
total of 417 patients were adults; of these, 284 (68%) were
available for radiographs at a minimum of 4 months and
clinical followup at a minimum of 6 months after surgery.
General indications for surgery in these patients included
displaced intraarticular fractures, fractures related to elbow
instability, fractures unlikely to heal without surgery, and
fractures with deformity restricting motion; patients medi-
cally unfit for upper-extremity surgery generally were
managed nonoperatively. Inclusion criteria included fracture
of the distal humerus, proximal ulna, or proximal radius;
age of 18 years or greater; postoperative radiographs at a
minimum of 4 months after injury; and physical examination
a minimum of 6 months after injury. Exclusion criteria were
time from injury to initial surgery of more than 20 days,
pathologic fractures, gunshot and machete fractures, diaph-
yseal fractures of the radius or ulna with dislocation of the
distal or proximal radioulnar joint, patients whose fracture
were accompanied by burns, and reconstructive surgeries
(consisting of surgeries for stiffness, nonunion, or arthritis).
Three hundred twenty patients were excluded (Fig. 1),
leaving 284 patients to form the final study cohort.

The senior author (DR) reviewed preoperative radio-
graphs and CT scans when available to assess fracture
locations and classify them as involving the distal humerus,
radial head, olecranon, or coronoid. In case of combination
fractures, locations were separately classified. The injuries
included distal humerus fractures (n = 100, 35%), radial
head fractures (n = 94, 33%), olecranon fractures (n = 119,
42%), and coronoid fractures (n = 55, 19%); 73 patients
(26%) had more than one fracture; 119 patients (42%) had
traumatic elbow instability.

No patients received NSAID or radiation prophylaxis.
There were 270 definitive open reduction internal fixation
procedures in this series (Table 1); we performed a total
of 429 procedures on the 284 patients, for a mean of
1.4 procedures per patient (range, one to 14 procedures).
The 284 patients in the study were last evaluated an
average of 7.9 months after injury (range, 6-31 months).
There were no missing data.

Variables

Explanatory variables included in the analysis were
demographics, fracture location, fracture side, complete
ulnohumeral dislocation, open wound, fall from standing
height or higher-energy injury (motor vehicle crash, fall
from greater height, sports-related injury, etc), ipsilateral
injuries (nerve injury, fracture of another part of the
extremity, etc), central nervous system trauma, time from
injury to definitive surgery, total number of surgeries until
HO was diagnosed on radiographs, number of surgeries
within 4 weeks of injury, use of a bone graft, and infection
requiring operative débridement.

Classification

HO was identified on postoperative radiographs and graded
according to the classification of Hastings and Graham
[10], based on the ROM that was most recently recorded
but at least 6 months after treatment. This classification
distinguishes three grades of HO. Patients with Class I have
HO that does not cause functional limitation. Patients with
Class II HO have a functional limitation that blocks
motion: Class ITA represents ulnohumeral limitation of a
flexion contracture of 30° or greater and limitation of
flexion to less than 130°, Class IIB represents limitation of
forearm rotation of less than 50° of pronation or less than
50° of supination, and Class IIC represents heterotopic
bone causing limitation in both planes of motion. Patients
with Class III HO have ankylosis that prevents ulnohu-
meral motion (Class IIIA), forearm rotation (Class IIIB), or
both (Class IIIC). To distinguish HO from other factors
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Fig. 1 A flowchart shows the
process by which patients were
excluded and included in our

Patients with an operatively
treated elbow fracture
between 2001 and 2007

study. A total of 320 patients

were excluded. Two hundred n =604

eighty-four patients formed the
final study cohort.

Age > 18 years

n =187

No Yes
n =417

No

Treatment
within 20 days of
injury

Yes

n=13

n =404

Meeting secondary
exclusion criteria

n=14

Pathologic fracture n = 6
Reconstructive surgeryn =5
Gunshot/machete injury n = 3
Burnsn=0

Yes

n =390

restricting motion, only bone formations that were deemed
by the senior author to be highly likely to be the cause of
the observed motion restriction were classified as Class II
or higher. Patients with restricted motion and HO forma-
tions that had an unlikely causal relation were classified as
Class 1.

There were 27 patients with HO restricting motion
(Class 1II or III, 10% of patients in the series), of whom
nine (3.2%) developed ankylosis in at least one plane, and
257 patients without HO restricting motion. Ninety-six
patients were diagnosed with HO around the elbow,
including 69 patients with Class I, six with Class IIA, four
with Class IIB, eight with Class IIC, one with Class IIIA,
six with Class IIIB, and two with Class IIIC.

Statistical Analysis

Continuous data are presented as the median and inter-
quartile range because of nonnormal distribution of the
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Radiographic followup > 4
months and physical followup
> 6 months

n =106

n =284

data. To identify factors that were associated with HO
restricting motion and clinically relevant, patients with HO
that did not restrict motion (Hastings and Graham Class I)
were pooled with patients who had no HO (Hastings and
Graham Class 0). All other patients were pooled as having
HO restricting motion (Hastings and Graham Classes 11
and III).

In bivariate analysis, associations between the response
variable HO restricting motion and explanatory variables
were analyzed using the Mann-Whitney U test, Fisher’s
exact test, and Pearson chi-square test as applicable. We
considered p values of less than 0.05 significant. Explan-
atory variables with p values of less than 0.10 in bivariate
analysis were entered into a backward stepwise logistic
regression model for multivariable analysis. We used the
chi-square p value for the overall model to assess good-
ness-of-fit and the Nagelkerke R? to assess the percentage
of the variation in HO restricting motion that was explained
by the variables studied. Odds ratios (ORs) were calculated
with the 95% Cls for significant predictors.



Volume 472, Number 7, July 2014

Heterotopic Ossification After Elbow Trauma 2165

Table 1. Treatment of included patients

Treatment Number of
patients
Open injury: treatment at day of injury
Irrigation and débridement 20
Irrigation and débridement and fixation 16
Definitive treatment
Open reduction and internal fixation 270
Radial head resection 3
Radial head prosthetic arthroplasty 43
Total elbow arthroplasty 2
Subsequent surgeries within 4 weeks of injury
Irrigation and débridement of deep infection 22
Reduction of recurrent dislocation 2
Fasciotomy 2
External fixator removal 1
Wound closure 1
Subsequent surgeries 4 weeks or more after injury
Implant removal 51
Contracture release 23
Ulnar nerve transposition 20
Repeat irrigation and débridement of deep infection 3
Radial head resection
Nonunion repair 2

Results

No patient-related or demographic factors that we analyzed
were associated with HO restricting motion.

Ulnohumeral dislocation was independently associ-
ated with restrictive HO (OR, 2.38; 95% CI, 1.01-5.64;
p = 0.048). Coronoid fracture (p = 0.04) and olecranon
fracture (p = 0.07) were associated with a higher and lower
rate of restrictive HO in bivariate analysis (Table 2),
respectively, but in the more definitive multivariate ana-
lysis (Table 3), both were found to be nonsignificant
predictors of HO restricting motion. There was HO
restricting motion in 11 of 100 patients with distal humerus
fractures, 12 of 94 patients with radial head fractures, seven
of 119 patients with olecranon fractures, and nine of
55 patients with coronoid fractures.

Two treatment-related variables were associated with
symptomatic HO: number of surgeries within 4 weeks of
trauma and time from injury to surgery. Both variables
were retained in the multivariate model as independent
predictors of HO restricting motion (number of surgeries
within 4 weeks of trauma: OR, 2.88; 95% CI, 1.39-5.96;
p = 0.004; time from injury to surgery: OR, 1.12 per
day; 95% CI, 1.03-1.22; p = 0.01).

The three factors identified by the multivariable analysis
(ulnohumeral dislocation, number of subsequent surgical

procedures within 4 weeks, and time from injury to sur-
gery) explained 20% of the variance in risk for HO
restricting motion.

Discussion

HO is a common extrinsic cause of elbow stiffness. Recent
publications have reported a prevalence in 7% to 20% of
patients after surgically treated elbow trauma and assessed
clinical predictors of HO restricting motion [1, 3, 6], but
there is still uncertainty about the factors associated with
development of restrictive HO after elbow injury. We
determined whether any demographic, injury, or treatment
factors were associated with the development of HO
restricting motion after surgery for elbow trauma and how
much of the variation in restrictive HO was explained by
the variables studied.

This study should be interpreted in light of several
shortcomings. First, we relied on medical records, which
can be more limited and less accurate than prospective data
collection, but we believe that the important elements were
easily identified. In addition, many patients (106 of 390,
27%) were excluded from our analysis because they were
lost to followup before 4-month radiographic followup or
6-month clinical followup. Because followup in this series
was at short term and because not all patients were
accounted for, the actual frequency of severe HO is likely
higher than was estimated here. Nonetheless, most HO can
already be observed on radiographs at 2 weeks postoper-
atively [1], and it seems unlikely to us that inclusion of the
missing patients would have changed the analysis. We also
acknowledge the difficulty of demonstrating causation of
restricted motion and observed HO on radiographs amid
other potential contributors to elbow stiffness. Only
restrictive bony formations were included in this analysis.
Most of the specific injury types were too rare to allow
adequate power for study according to injury pattern, so we
studied injury components instead. In addition, we did not
have data available for all known clinical predictors.
Recently, longer time to mobilization after surgery has
been described as a predictor of clinically relevant HO [3],
but we suspect this variable would have had substantial
colinearity with variables included in our analysis (eg, total
number of surgeries). Likewise, the muscle interval used to
approach the elbow during the surgical dissection might
influence the development of HO; unfortunately, we were
not able to include this in the model. However, based on
the injury pattern, there is often not much choice about
what surgical approach one needs to use, and so this
information, even if included in a model, probably would
not influence the results to any large degree. Finally,
although ulnohumeral dislocation, number of surgeries
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Table 2. Bivariate analysis: comparison of patients with HO restricting motion versus no HO restricting motion

Variable All patients No HO or HO not HO restricting p value
(n = 284) restricting motion motion (n = 27)
(n = 257)
Demographics
Age (years)* 55 (28) 55 (28) 54 (24) 0.75
Sex (number of patients) 0.11
Female 137 128 (50%) 9 (33%)
Male 147 129 (50%) 18 (67%)
Injury (number of patients)
Type
Distal humerus fracture 100 98 (27%) 11 (28%) 0.53
Radial head fracture 94 82 (25%) 12 (31%) 0.2
Olecranon fracture 119 112 (34%) 7 (18%) 0.07
Coronoid fracture 55 46 (14%) 9 (23%) 0.04
Mechanism of injury 0.23
Fall from a standing height 129 120 (47%) 9 (33%)
Higher-energy injury 155 137 (53%) 18 (67%)
Side 0.69
Left 146 134 (52%) 12 (44%)
Right 138 123 (48%) 15 (56%)
Complete ulnohumeral dislocation 67 54 (21%) 13 (48%) 0.01
Open fracture 36 33 (13%) 3 (11%) 1
Ipsilateral injury 82 72 (28%) 10 (37%) 0.37
Central nervous system trauma 23 19 (7%) 4 (15%) 0.25
Treatment
Time from injury to surgery (days)* 3(6) 2(5) 54) 0.001
Number of surgeries within 4 weeks’ 1.11, 1 (0) 1.05, 1 (0) 1.57, 1 (0) 0.02
Number of total surgeries’ 144, 1 (1) 143, 1 (1) 1.50, 1 (1) 0.71
Number requiring bone graft 7 6 (2%) 1 (4%) 0.52
Infections requiring surgical débridement 22 19 (7%) 3 (11%) 0.45

* Values are expressed as median, with interquartile range in parentheses; T values are expressed as mean, median, with interquartile range in

parentheses; HO = heterotopic ossification.

Table 3. Multivariable analysis: independent predictors of HO
restricting motion

Variable p value Odds ratio
(95% CI)

Coronoid fracture NS

Olecranon fracture NS

Complete ulnohumeral dislocation 0.048 2.38 (1.01-5.64)

Time from injury to surgery 0.01 1.12 (1.03-1.22)

Number of surgeries within 0.004 2.88 (1.39-5.96)

4 weeks of injury

HO = heterotopic ossification; NS = not significant.

within 4 weeks of injury, and time from injury to surgery
were independent risk factors for HO restricting motion,
the CIs for the relevant ORs nearly passed through unity
(the threshold for significance), suggesting that their effect
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size may not be very large. It might be that the identified
independent risk factors for HO restricting motion reflect
the severity of the overall injury or at least the ligament/
soft tissue injury, though fracture location, open wound,
and associated ipsilateral nerve injuries or fractures (other
potential measure of injury severity) were not associated
with HO.

Among patient-related demographic factors, we found
that age and sex were not associated with restrictive HO.
This finding is consistent with previous literature, as no
studies of which we are aware have identified any demo-
graphic predictors [1, 12].

Of injury-related factors, the multivariable model iden-
tified complete ulnohumeral dislocation as a predictor of
HO restricting motion. Previous studies [6, 12, 16], but not
all [1, 3], have also shown that dislocation correlates with
restrictive HO. Complete ulnohumeral dislocation likely
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reflects greater soft tissue injury and a more severe injury,
which in itself was identified as a predictor by Douglas
et al. [4]. Indeed, Foruria et al. [6] recently showed that a
prognostic model, which included injury-related factors for
open fracture, elbow instability, and chest injury, was able
to discriminate between patients with and without restric-
tive HO. Also, the literature on HO after THA suggests that
soft tissue injury such as substantial muscle retraction
correlates with an increased risk of HO [2, 15, 17]. Some
authors have suggested that fracture type rather than dis-
location is a predictor of HO [1]. Our results suggest a
variation in the rate of HO restricting motion among dif-
ferent fracture types, ranging from 6% for olecranon
fractures to 20% for coronoid fractures. Although this
variation seems to reflect the severity of the injury, fracture
location was not an independent predictor in the analysis.

We showed in this analysis that there were two treatment-
related predictors of restrictive HO: time from injury to
surgery and number of surgical procedures within 4 weeks of
the injury. The first factor, longer time from injury to surgery,
has previously been shown to associate with HO after elbow
trauma [3, 4, 6, 12]. We speculate that the delay often relates
to referral of more complex fractures through the office or
prioritizing in multiply injured patients. Patients with a
longer interval between injury and surgery might be con-
sidered for prophylaxis against HO formation, although the
risk of fracture nonunion must also be considered [9]. Our
analysis adds to the current literature that a second treatment-
related predictor of restrictive HO is number of surgeries
within 4 weeks of injury. Hence, repeat elbow surgery with
muscle manipulation and retraction with repeated early
surgeries may increase the risk of HO. Alternatively, repeat
surgery may reflect more complex injuries that were either
staged or experienced adverse events.

The studied clinical variables explained only 20% of the
variation in HO restricting motion. No other studies have
previously addressed this question, except Foruria et al. [6]
who demonstrated that their clinical prognostic model had
discriminative power with an area under the curve of 0.78.
Validation of that model in larger datasets is needed, and
given the low percentage of variation in restrictive HO that
was explained in our analysis, additional research is mer-
ited on factors other than our studied clinical variables.

We found that 33% of patients who had operative
treatment of an elbow fracture and radiographs at least
4 months after injury had radiographic HO, but that HO
restricted motion in only 10% overall or just less than 5 of
patients with HO. Because followup in this series was at
short term and because not all patients were accounted for,
the actual frequency of severe HO is likely higher than was
estimated here. We found that ulnohumeral dislocation,
number of subsequent surgical procedures within 4 weeks,
and time from injury to surgery were associated with HO

that restricted motion after elbow trauma, but these vari-
ables accounted for only 20% of the variation in the risk of
HO formation at a level severe enough to cause stiffness.
This suggests the need for more research on the topic to try
to identify what, we hope, will be modifiable risk factors;
in our opinion, none of the risk factors we identified is
easily modifiable.
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