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Abstract
Background

None of the existing classi�cations of heterotopic ossi�cation (HO) of the elbow is based on anatomy, therefore they cannot
accurately guide or predict excision. This study was to evaluate the anatomical morphology of HO of the elbow resulting from
different etiologies and to propose a new HO classi�cation system based on three-dimensional (3D) mapping technology.

Methods

We retrospectively included 76 cases of HO of the elbow from 2014 to 2021. All their demographic and etiologic information were
collected and imported into medical imaging software. The distribution of the HO of the elbows and the 3D heat map was then
created to evaluate the location and pattern of the HO. The volume of each HO based on mapping model and the length of the HO
were measured to better analyze the characteristics of different types of HO.

Results

From the aggregated 3D image of the 76 HO cases, 85.53% have affected the dorsal side of the elbow, especially on the
humeroulnar side (81.58%). And 26.32% have involved the anterior part of elbow, few cases were distributed among the radial head
(10.53%) and olecranon fossa (1.32%). Subsequently, in accordance with the anatomical and morphological characteristics, a new
HO classi�cation of the elbow was proposed. The kappa score for inter- and intra-observer agreement of this classi�cation system
was 0.86 (95% CI, 0.72 -1.00) and 0.90 (95% CI, 0.78 -1.00), respectively.

Conclusion

This new HO classi�cation system of the elbow may help surgeons to speculate the possible pathological anatomy and to design
the best preoperative plan for excision.

Background
Heterotopic ossi�cation (HO) refers to pathological bone formation in soft tissues that develops after trauma such as bone fracture
and dislocation, joint replacement, muscle injury, traumatic brain injury, spinal cord injury, combat injury and explosion injury. HO is
associated with localized pain and limited joint mobility[1]. Elbow is the most common joint that for HO formation. Its prevalence is
relatively high[2], with the radiologic incidence of 37% among surgically treated elbow fractures[3]. Over 20% of HO patients report
varying degrees of dysfunction such as chronic pain, skin ulcers, vascular nerve compression, joint contractures and stiffness[4].
However, the speci�c pathogenesis, mechanisms, morphology, and the distribution of trauma induced HO remains poorly
understood. For instance, neurogenic HO, surgical HO, burn HO, and fracture-dislocation may not share a common etiology.
Furthermore, there is a paucity of studies reporting the characteristics of HO of the elbow including its speci�c spatial distribution
and morphology.

Although there are several classi�cation systems for HO of the elbow, such as the Ilahi, Hastings and the Graham system, and the
Brooker classi�cation[5–7], none of them is based on anatomic distribution; hence they cannot improve surgical planning or guide
excision operation.

Fracture mapping was initially used to describe the morphology of bone structures[8], which can reveal the frequency of fracture
lines and the comminution zones. Several studies have utilized these techniques for characterizing the different types of
fractures[9, 10], however, no studies have been published on its application in measuring HO of the elbow joint. Through 3D
reconstruction of CT images and the use of fracture mapping analysis technology, the anatomical and morphological
characteristics of HO can be accurately described leading to accurate HO classi�cation and treatment. In this study, we set out to
use to establish the anatomical morphology of HO of the elbow using a 3D mapping technology and to propose a new
classi�cation that will guide surgical resection of HO.

Methods
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Subjects
In this retrospective study, a total of 82 patients with clinically symptomatic elbow HO were treated from 2014 to 2021 in [removed
for blind peer review]. We excluded those younger than 18 years of age (5 patients) and those without CT scan reports (2 patients).
Finally, we enrolled 75 patients (28 female, 47 male) with a mean age of 42 years (range, 18–57 years). Among which, 36 patients
had right HO, 40 with left HO, and 1 patient had bilateral HO of the elbow. All patients had no CT artifacts. And all patients signed an
informed consent before entering the study.

Ho Mapping Models
All patients had their CT scans performed using a standardized protocol in our hospital, and the DICOM (Digital Imaging and
Communications in Medicine) raw data of the elbow imported into Mimics Software (Materialise NV, Leuven, Belgium). And then we
divided each model into 4 parts: humerus, radius, ulnar and HO. Speci�cally, HO was divided as per the difference of bone mineral
density (BMD) between ossi�cation and normal bone tissue. The angle of longitudinal axis of the humerus and the forearm of each
HO elbow was adjusted to 135°, based on a normal standard elbow model. We mirrored the left elbow models to the right and
matched each model with the normal standard elbow model. We imported all the adjusted models into the E3D medical imaging
software (E3D, Central South University, Changsha, China) and evaluated the pattern and location of the HO. We aggregated all 76
HO 3D images and stacked them on a normal elbow template, then we marked each HO part with a translucent red color, so that
overlapping parts was conspicuous (Fig. 1). Subsequently, we created 3D heat maps for the relative frequency of HO formation, in
which blue indicated lower incidence and red indicated higher incidence (Fig. 2).

To better analyze the characteristics of different types of HO, we measured the volume of each HO based on mapping model and
the length (L) of the HO when it is on the posterior part of the humerus. Speci�cally, we measured the length (L) of HO by drawing a
perpendicular line on the dorsal side of the axis of the humerus and choose the intersection of this vertical line and HO as a;
subsequently, we chose the intersection point of the ulnar shaft axis and olecranon cortex as b (olecranon apex). Finally, we de�ned
the distance between ab as the length (L) of the HO (Fig. 3).

Statistical analysis
To validate our classi�cation system, two independent orthopedic surgeons and one radiologist who were blinded to the surgical
procedures evaluated all the HO CT scan data and classi�ed them into different types. Inter and intra-observer variations were
assessed by calculating the kappa correlation coe�cient.

Results
A total of 75 patients with 76 HO elbows were enrolled (28 women, 47 men), including 40 (52.63%) left elbows, 36 (47.37%) right
elbows. From the aggregated 3D image (Fig. 1), the most overlapping parts were the dorsal side of the elbow (65 cases, 85.53%),
especially on the humeroulnar side (62 cases, 81.58%), which is the most common site of HO. 20 cases (26.32%) affected anterior
part of elbow, and few cases were distributed among the radial head (8 cases, 10.53%) and olecranon fossa (1 case, 1.32%). On 3D
heat mapping (Figs. 2), correspondingly, the hot zones were mainly concentrated around the dorsal medial condyle of the humerus
and olecranon apex, and the cold zones were scattered in the anterior and the radial side of the elbow.

Thus, in accordance with the anatomical and morphological characteristics of HO, we propose a new HO classi�cation of the elbow
by means of 3D mapping technology. These include: anterior ossi�cation (AO), posterior ossi�cation (PO), peri-radial head
ossi�cation (PRHO), mixed pattern ossi�cation (MO), and circumferential ossi�cation (CO) (Table 1, Fig. 4). Each HO pattern was
further subdivided according to its speci�c anatomical location (Table 2). The difference between MO and CO was that MO
affected not only the anterior and posterior side of elbow, but also lateral and/or medial side of elbow (i.e., encircling the elbow).
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Table 1
Anatomical classi�cation based on 3D-CT reconstructed HO of elbow

Classi�cation of HO N (%) Volume (mm3) Surface (mm2) Length (mm)

Anterior ossi�cation (AO) 4 (5.26) 6078.61 3654.45 -

Posterior ossi�cation (PO) 45 (59.21) 7522.43 3728.50 28.70

Peri-radial head ossi�cation (PRHO) 4 (5.26) 7622.49 3602.13 -

Mixed pattern ossi�cation (MO) 16 (21.06) 19766.54 8922.08 40.87

Circumferential ossi�cation (CO) 7 (9.21) 9994.94 9027.70 13.85

Table 2
Speci�c anatomical location of each HO classi�cation

Classi�cation of
HO

Speci�c location of HO N Volume (mm3) Surface (mm2) Length (mm)

AO Anterior humerus 3 4233.51 2853.85 -

Anterior humerus and ulnar 1 11613.90 6056.25 -

PO Posterior ulnar 23 4657.01 2806.66 26.44

Posterior radius 1 963.76 738.56 0

Posterior ulnar and radius 7 2909.10 2227.74 21.43

Posterior ulnar and middle 2 7201.07 4260.37 27.7

Posterior middle 2 9316.26 4643.75 48.53

Posterior full 10 17703.58 6908.82 41.50

PRHO Around radial head 4 7622.49 3602.13 -

MO AO + PO Anterior radius + Posterior ulnar 1 5380.78 4034.55 37.26

Anterior ulnar + Posterior ulnar 2 5193.41 10291.45 32.32

Anterior ulnar + Posterior full 3 7593.99 15789.79 55.14

Anterior humerus + Posterior ulnar and
middle

3 2559.99 3112.21 15.94

Anterior humerus + Posterior full 3 7633.72 13472.47 30.16

Olecranon fossa + Coronoid fossa 1 3826.09 3754.96 23.61

PO + PRHO Posterior full + Peri-radial head 3 20779.73 57272.87 69.21

CO Circumferential 7 9127.05 8646.50 15.07

On the etiology of HO, 46 patients had different types of fractures, 7 patients were injured by simple elbow dislocation, 11 patients
had explosive burn, 5 patients had crushing injury of the elbow, and 4 patients (5 elbows) had a craniocerebral injury (Table 3).
Among these 46 fracture-inducing patients, the speci�c pathogenesis were quite different. In patients with the PRHO, radial head
was always injured. For instance, both the Monteggia fracture (2 cases) and radial head fracture (2 cases) had a varying degree of
radial head injuries. CO was strongly associated with elbow dislocation. For example, among the 7 cases of CO, 5 had elbow
dislocation, and the other 2 had coronoid fracture and humeral medial epicondyle fracture. The volume of HO induced by
craniocerebral injury was the highest among all pathogenesis (26302.09 mm3).
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Table 3
Etiology of different patterns of HO

Damage reason AO PO PRHO CO MO Total
(%)

Volume (mm3) Surface (mm2)

Fractures Anterior
transolecranon
fracture-
dislocations

1 2   1   46
(60.53)

4873.83 8908.64 3516.99 4447.90

Avulsion
fracture of
lateral collateral
ligament

  1       963.76 738.56

Coronoid
fracture

  2   1   2375.57 2196.90

Distal humerus
fracture

  3     1 4922.94 2840.90

Humeral medial
epicondyle
fracture

  2   1 3 23958.24 10185.27

Humeral medial
epicondyle
fracture-
dislocations

        1 10291.45 5193.41

Monteggia
fracture

  3 2     15667.16 6248.78

Olecranon
fracture

  5       9941.64 4914.77

Radial head
fracture

  4 2        

Supracondylar
fracture

2         7978.72 4083.40

Terrible elbow
triad

  7   1 1 4538.07 2555.11

Simple elbow
dislocation

  1 2   3 3 9
(11.84)

7732.44 5791.37

Explosion
burn

    8     3 11
(14.47)

7961.88 4357.44

Craniocerebral
injury

    1     4 5
(65.79)

26302.09 12508.92

Crushing
injury of the
elbow

    5       5
(6.58)

7261.07 4111.77

AO, anterior ossi�cation; PO, posterior ossi�cation; PRHO, peri-radial head ossi�cation; CO, circumferential ossi�cation; MO,
mixed pattern ossi�cation.

Compared to previous studies, we found that most of our patients (97.37%) did not have an olecranon fossa etiology. Olecranon
fossa was rarely involved no matter the type of underlying HO etiology (Fig. 5). However, only two cases had an olecranon fossa
involvement: one with olecranon and coronoid fossa ossi�cation due to burn, and another one with posterior middle ossi�cation
resulting from distal humeral fracture.

The kappa score and the related 95% con�dence interval (CI) for inter-observer agreement was 0.86 (0.72-1.00), whereas those for
intra-observer agreement was 0.90 (95% CI, 0.78-1.00). The highest percentage of differences in the new classi�cation system was
for circumferential and mixed patterns HO.
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Discussion
In previous studies, the most commonly reported site of HO is the posterolateral aspect of the elbow, where a bridge of bone
typically spans from the lateral humeral condyle to the posterolateral olecranon process, �lling the olecranon fossa[1, 6]. However,
in our study, the olecranon fossa was not involved in most of cases (97.37%), making the posteromedial aspect of the elbow the
most frequent HO site, speci�cally along the triceps. Similarly, Foruria et al.[3] reported that ectopic bone was particularly common
around the posterior aspect of the ulna and the neck of the radius, yet in our study we found many cases developing on the ulnar
side of the distal humerus.

This may be due to recent advancement in imaging technology as compared to the data used in previous studies since it was
mainly based on plain radiographs with poor anatomical delineation as compared to 3D-CT. Compared to plain radiographs, CT
scans can detect the subtle focal mineralization with superior spatial and contrast resolution. On the other hand, the 3D-CT images
can be viewed at a 360° without overlapping on the radiograph[11], therefore, HO grade classi�cation based on CT imaging is more
accurate. To our knowledge, this is the �rst study that utilized 3D fracture mapping technique to detect the morphology and the
anatomy of HO.

Another plausible reason on the higher incidence of HO on the ulnar side of the distal humerus could be the differences in
anatomical characteristics of the ulnar and radial sides. On the ulnar side, there are no obvious muscle attachment in the ulnar
nerve groove, making it suitable for the development of HO. As commonly seen during surgery, HO rarely invloves the ulnar nerve,
instead it grows in the groove thereby displacing the ulnar nerve. On the radial side, however, the anconeus muscle is attached to
the dorsal side of the humeral head, thereby depriving viable space for HO formation unless fracture or dislocation occurs in this
area.

There was no HO involving the olecranon fossa in our study, and we hypothesize that it may due to the presence of a fat pad in the
olecranon which acts as a barrier between the bone and the muscles. But when we reviewed the cases of double plate �xation of
comminuted intercondylar fracture of the humerus, in which fat pad in the olecranon fossa was missing, we found no obvious HO
formation in their olecranon fossa, either. In addition, during HO excision, we found that HO was not directly involving the muscles
nor the tendons, instead, it was always adhered to the bony surface. Thus, our hypothesis is that HO formation could be induced by
the interaction between muscles and bone. Furthermore, due to elbow instability and dislocation, involved muscles and tendons are
passively and forcibly stretched leading to re-injuries, thereby causing HO formation. Intriguingly, PRHO secondary to Monteggia
fractures is rare in children[12], but was paradoxically prevalent in our adult cohort manifesting as radial head fracture with or
without dislocation. Moreover, the volume of HO induced by craniocerebral injury was far greater than the volume induced by
fractures, therefore further studies should be carried out to detect the true incidence of HO in relation to the different underlying
etiologies.

Kamineni et al.[13, 14] reported the absolute safe zone for pin placement into the lateral distal humerus to be the area lying within
the 70% of the caudad line, equivalent in length to the patient’s trans-epicondylar distance (57.47mm). In our study, the average and
maximum length of HO was 28.40mm and 69.21mm, respectively, thus avoiding radial nerve injury during HO excision is very
important.

Previous traditional classi�cations of HO were unbale to delineate the anatomic distribution and provide guidance for excision, due
to various reasons. The Ilahi classi�cation of HO includes four grades of HO, with grade I indicating the largest with an angle of < 
30° as measured from the center of the capitellum; grade II 30°-60°; grade III an angle > 60° without bony ankylosis, and grade IV
indicating frank bony ankyloses (humeroulnar or humeroradial) on any radiographic view[5]. This grading system is only useful in
identifying anterior HO of the elbow, whereas in our study we found HO is mostly located posteriorly. As for the Hastings and the
Graham HO classi�cation, grade I indicates ectopic bone without functional limitation, grade II includes HO patients with limited
range of motion which is further subdivided into three categories depending on different affected planes of motion, and grade III
includes patients with both HO and ankylosis[6]. This classi�cation system is mainly based on the degree of functional limitation,
which has minimal association with anatomical characteristics and does not guide surgical approach. The widespread used
Brooker classi�cation is mainly used to stratify the degree of hip HO and not that of the elbow[7]. Another HO classi�cation system
of the elbow was de�ned according to the anatomic location and severity such as the degree of articular damage, range of motion
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and clinical and radiographic characteristics[3]. But the inter-and intra-observer reliability of this system is high, with minimal
�exibility in interpretation.

Our new classi�cation system which is based on the anatomic distribution of HO, can guide surgical approach and excision with
high precision. The surgical approach of PO is relatively simple, and it involves HO excision by a posterior approach. As for the CO,
single surgical approach, without considering the joint mobility, may not be effective. After the excision of the HO, ligament
reconstruction needs to be performed if the elbow is unstable, and an internal joint stabilizer or articulated hinge external �xation of
the elbow is needed for temporary protection. In addition, measurements of length, volume and surface area of HO are also helpful
for precise excision and avoidance of neurovascular injuries.

Limitations of this study include relatively small sample size that could lead to higher variability and bias. Also, since the patients
we retrospectively included in our study were severely injured and needed surgical intervention, there could be a selection bias by
missing to enroll patients with mild HO who did not require surgery, therefore, our �ndings should be interpreted with caution.

Conclusion
Based on the 3D-CT technology, anatomical and morphological characteristics of HO can be accurately described. Our new HO
classi�cation system of the elbow may help surgeons to speculate the possible pathological anatomy and to design the best
preoperative plan for excision.

Abbreviations
AO
anterior ossi�cation
CO
circumferential ossi�cation
CT
computed tomography
HO
heterotopic ossi�cation
MO
mixed pattern ossi�cation
PO
posterior ossi�cation
PRHO
peri-radial head ossi�cation
3D
three-dimensional.
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Figures

Figure 1

The distribution of the HO of the elbows

HO is marked in red, with overlapping cases allocated darker color. The de�ned views are: A anterior, B ulnar, C posterior, D radial.

Figure 2

The 3D heat mapping of the HO of the elbows
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Different colors indicate the relative frequency of HO formation (blue to red: low to high incidence). The de�ned views are: A
anterior, B ulnar, C posterior, D radial.

Figure 3

The length (L, mm) of HO on the back side of humerus

a. the intersection point of the perpendicular on the dorsal side of the axis of humerus and HO; b. the intersection point of the ulnar
shaft axis and olecranon cortex (olecranon apex); L, the distance (mm) between ab, represent as the length of HO. The de�ned
views are: A posterior, B ulnar.

Figure 4

Anatomical classi�cation based on 3D-CT reconstructed HO of elbow

A. AO, anterior ossi�cation; B. PO, posterior ossi�cation; C. PRHO, peri-radial head ossi�cation; D. CO, circumferential ossi�cation; E.
MO, mixed pattern ossi�cation.
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Figure 5

Anatomical features of olecranon fossa HO of the elbow

A. A 51-year-old male patient, injured from craniocerebral injury. The Classi�cation of HO of the elbow was MO (PO + PRHO); B. A
56-year-old male patient, injured from elbow dislocation. The Classi�cation of HO was MO (AO + PO); C. A 52-year-old female
patient, injured from medial humeral epicondylar fracture. The Classi�cation of HO was PO. Olecranon fossa was not involved in all
patients, as shown in the sagittal and axial images.


