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Abstract: Heterotopic ossification (HO) after elbow trauma can be responsible for significant motion
restrictions. The study’s primary aim was to develop a new X-ray-based classification for HO of the
elbow. This retrospective study analyzed elbow injury radiographs from 138 patients aged 6-85 years
(mean 45.9 £ 18) who underwent operative treatment. The new classification was applied at 6 weeks,
12 weeks, and 6 months postoperatively. The severity of HO was graded from 0 to 4 and localization
was defined as r (radial), p (posterior), u (ulnar) or a (anterior) by two observers. The patients were
categorized based on injury location and use of non-steroidal anti-inflammatory drugs (NSAIDs) for
HO prophylaxis. The correlations between the generated data sets were analyzed using Chi-square
tests (x?) with a significance level of p < 0.05. The inter- and intraobserver reliability was assessed
using Cohen’s Kappa. In 50.7% of the evaluated X-rays, the formation of HO could be detected after
12 weeks, and in 60% after 6 months. The analysis showed a significant correlation between the
injury’s location and the HO's location after 12 weeks (p = 0.003). The use of an NSAID prophylaxis
did not show a significant correlation with the severity of HO. The classification showed nearly
perfect inter- (k = 0.951, p < 0.001) and intrareliability (k = 0.946, p < 0.001) according to the criteria of
Landis and Koch. Based on the presented classification, the dimension and localization of HO in the
X-ray image can be described in more detail compared to previously established classifications and,
thus, can increase the comparability of results across studies.
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1. Introduction

Heterotopic ossifications (HO) can occur as a complication after elbow injuries. New
lamellar bone is formed in soft tissue, which can occur due to an accompanying inflam-
matory reaction to a trauma [1-3]. Severe forms in the joint area can lead to considerable
functional restrictions [4-6].

The prevalence of HO shows a wide variance of 10-20% after traumatic brain or
spinal cord injury; 20% after forearm fractures; up to 52% after femur fractures, total
hip arthroplasty or acetabular fractures; and up to 60% after severe burns [7]. HO’s
pathophysiology is not yet fully understood, but tissues prone to HO have excessive
inflammatory responses to injury. Recent studies show mesenchymal stem cells and their
increased bone morphogenic protein (BMP) activity lead to vascular proliferation and bone
formation in HO [8].

The incidence of HO at the elbow joint varies significantly. Douglas et al. reported that
35% of patients required surgical intervention of more severe ossifications after distal intra-
articular humerus fractures, while 26% needed the same procedure after elbow dislocation
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fractures [9]. Liu et al. conducted a systematic review involving over 2000 patients and
found that 10% developed radiologically visible HO after total elbow arthroplasty [10].
Wahl et al. investigated the incidence and location of HO after elbow injuries and found
that almost all patients developed HO, which could be statistically linked to the injury
site [11].

There are various ways to clinically measure the stiffness of an elbow joint. Morrey’s
scoring system divides elbow stiffness into three categories: intrinsic, extrinsic, and com-
bined stiffness [12]. Another scoring system, developed by Kay, classifies elbow stiffness
based on the involved anatomical structure, which could be soft tissue, bony stiffness, or a
combination of both [13]. In Kay’s system, HO refers to bony or combined elbow stiffness.

To radiologically define elbow stiffness and determine the presence of HO, two clas-
sifications are used: Brooker’s classification was originally designed for the hip joint and
is based on X-ray images in one plane. It presents five categories, from the absence of
HO to a bone brace [14]. The Hastings and Graham classification was designed for the
elbow. In this classification, a distinction between the presence or absence of HO is made
with focus on the functional limitations [15]. However, neither of these classifications
describe the localization of ossifications. This is especially relevant in the case of elbow
joint ossifications, as their location can be used to predict the extent of elbow functional
limitation and can also aid in planning revision surgery or radiotherapy. Furthermore,
utilizing standardized nomenclature can offer several benefits for the assessment of HO
and may assist in optimizing and standardizing therapy options [11].

Therapeutic options for expired HO are limited to surgical excision, which often
has unsatisfactory results [16,17]. Early detection and prevention of HO are therefore
the priority. Non-steroidal anti-inflammatory drugs (NSAIDs) and radiation are most
commonly used to prevent HO [18]. Several systematic reviews and meta-analyses have
shown that NSAIDs can prevent heterotopic ossification (HO), particularly after total
hip arthroplasty [19-21]. NSAIDs work by inhibiting the differentiation of mesenchymal
stem cells, which are the precursor cells of osteoblasts, and by reducing the production
of pro-inflammatory prostaglandins [22]. However, despite ongoing research, there is
significant inconsistency in the available evidence regarding their effectiveness after elbow
trauma [22-24].

This study presents a novel radiographic classification system that precisely describes
the degree and location of HO, thereby improving objectivity and functional assessment.
We aim to demonstrate, based on our hypothesis, that HO occurs at the same site as
the primary injury. Additionally, we aim to establish a correlation between the use of
ossification prophylaxis and the development of HO in our cohort.

2. Materials and Methods
2.1. Patient Collective and Study Design

This retrospective study was approved by the local ethics committee. The records of
273 patients with surgically treated elbow injuries between January 2015 and December
2020 were analyzed based on inclusion and exclusion criteria. Of the total number of
patients considered, 135 were disqualified due to reasons such as spinal cord injury (n = 1),
traumatic brain injury (n = 15), receiving treatment from a different hospital (n =11),
infections (n = 1), or a follow-up period of less than 12 weeks (n = 135). Consequently,
138 patients were deemed eligible and included in the study. Clinical and radiological
follow-up exams were conducted at 6 (n = 138) and 12 weeks (1 = 138) as well as 6 months
(n =75) post-surgery. The flowchart of patients is shown in Figure 1.

2.2. Radiographic Assessment

The analysis of the radiographs was performed initially by a single person using the
Xero Universal Viewer software Version 1.0.0.R812 (Xero Universal Viewer, Agfa Health
Care Corp. Greenville, SC, USA). For this purpose, standard X-rays of the elbow in
two planes (anterior to posterior (AP) and lateral radiographs) were performed two days
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after the initial surgery. Any preexisting bone avulsions, osteophytes, or ossifications were
defined. Follow-up radiographs were realized after six and twelve weeks (1 = 138), as well
as after six months (n = 75). After one year, two surgeons in different stages of training
reviewed all X-ray images again, blinded to the first interpretation. The images were then
analyzed and classified according to the following classification based on the apparent HO.

Hospitalized patients after elbow injury
(2015-2020)
n=312

Exclusion criteria n=39 (12.5%)

* spinal cord injury n=1

* craniocerebral trauma n=15

* external surgical treatment n=11
* infections n=1

* other injuries n=11

Exclusion criteria n=135 (43.3%)

* Follow-up <12 weeks

Statistical evaluation
n=138 (44.2%)

HO after 6 weeks No HO after 6 weeks
n=56 (40.6%) n=82 (59.4%)

Figure 1. Flowchart of analyzed patients.

2.3. Classification

For the new classification (Table 1), the localization of HO was defined as follows:
radial (r), posterior (p), ulnar (u), and anterior (a). The severity of HO was graded from 0
(no ossifications) to 4 (synostosis). The largest visible HO in terms of length was considered.
The classification was determined as follows: 0 means no HO; 1 means visible HO, which
is smaller in size than the diameter of the radial head; 2 means a larger diameter than the
radial head; 3 indicates a brace formation from the humerus to the forearm; and 4 describes
the synostosis radio-ulnar.

Table 1. HO classification.

Severity Localization
Absence of HO 0
<@ radial head 1 Lpua
> radial head 2 r,p,ua
Brace formation 3 L,p,ua
Synostosis radio-ulnar 4

r—radial, p—posterior, u—ulnar, a—anterior.
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Since regular radiographs usually do not have a reference sphere, the diameter of the
radial head was defined as the cutoff size between severity grades one and two. Thus, the
classification is independent of a reference sphere, and the size ratio from the examined
elbow is included. Examples of each grade of severity are shown in Figures 2-5.

Figure 2. (a) The AP and (b) the lateral X-ray with a radial HO smaller than the diameter of the radial
head, which represents an HO 1 r.

Figure 3. (a) shows the AP and (b) shows the lateral X-ray with an anterior HO (23.4 mm) which is
larger than the diameter of the radial head (19.2 mm) and represents an HO 2a.

2.4. Further Parameters

The study included a total of 138 patients who were categorized based on their age,
sex, and type of injury. We verified the use of ossification prophylaxis by checking the
hospital medication records and discharge letters. Ossification prophylaxis was considered
to be taken if prescribed for 14 days. Additionally, we determined the location of each
injury through a review of the initial X-ray and MRI images taken after the injury.

Five categories of injury were defined:

- Lateral: radial head fracture, LCL tear, lateral condyle fractures of the humerus.
- Ventral: Coronoid fractures.
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- Medial: MCL tear, medial condyle fractures of the humerus.

- Dorsal: Olecranon fractures.

- Multilateral: Distal humerus fractures (AO C 1-3), Monteggia fractures, Monteggia-
like-lesions, LCL, and MCL rupture at the same time.

Figure 4. (a) shows the AP and (b) shows the lateral X-ray with an anterior HO forming a brace from
the humerus to the forearm, representing an HO 3a.

a i b

Figure 5. (a) shows the AP and (b) shows the lateral X-ray with a brace formation radio-ulnar and

represents an HO 4.

2.5. Statistical Analysis

Descriptive statistics were performed using absolute and relative frequencies (1 (%))
or mean =+ standard deviation. The incidence of HO was measured after 6 weeks, 12 weeks,
and 6 months. The incidence of the injury location at the elbow and the injured structures
was calculated.

This study used Cohen’s Kappa coefficient k to determine the intra- and interobserver
reliability of HO severity and localization. Based on Landis and Koch’s method, values
were categorized as <0 (no agreement), 0.01-0.20 (none to slight), 0.21-0.40 (fair), 0.41-0.60
(moderate), 0.61-0.80 (substantial), and 0.81-1.00 (almost perfect agreement) [25].
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To examine the correlation between HO severity and the use of ossification prophylaxis
and between the location of the injury and the developed HO, four-field tables were
implemented to present the frequencies of the associations, and significance calculation was
performed using the Chi-squared test (x?). A significance level with p < 0.05 was defined.
The statistical analysis of the collected data was performed using a statistical program
(SPSS Statistics®, IBM, Armonk, NY, USA, version 28).

3. Results
3.1. Descriptive Statistics

Among the 138 patients included, 73 (52.9%) were male patients and 65 (47.1%) were
female patients. The mean age at trauma was 45.9 £ 18 years (6 to 85 years). The radial
head was affected in 61 (44.2%), the coronoid in 36 (26.1%), the olecranon in 22 (15.9%), and
the distal humerus in 34 (24.6%) cases. Regarding ligament injuries, the lateral collateral
ligament was considered unstable in 33 (23.9%), the lateral and medial collateral ligaments
in 38 (27.5%), and the medial collateral ligament alone in three cases (2.2%).

Of the total number of patients under observation, it was noted that a majority of
them (102 (73.9%) patients) received prophylaxis for ossification for 14 days, while the
remaining 36 (26.1%) did not receive any NSAID prophylaxis. Among the patients who
received prophylaxis, 47 (33.9%) were given Indomethacin (100 mg/day), 53 (64.5%) were
given Ibuprofen (800-1800 mg/day), and 1 patient each was given Etoricoxib (90 mg/day)
or Celecoxib (400 mg/day).

The incidence of HO after 6 weeks (5.8 & 2.3 weeks) was 40.6% (Grade I 35.5%, Grade
11 4.3% and Grade III 0.7%), after 12 weeks (16.4 + 10.9 weeks) 50.7% (Grade 1 41.3%, Grade
II 6.5% and Grade III 2.9%), and after 6 months (29.9 + 10.9 weeks) 60.0% (Grade I 40.0%,
Grade II 12.0%, Grade III 2.7%, and Grade IV 5.3%). Details regarding the location and
severity of HO are summarized in Table 2.

Table 2. HO Incidence after 6 and 12 weeks and 6 months.

Severity Incidence of HO

HO Incidence (%) Location Incidence of HO (%)

(%)
HO
HO Grade Localization

0 82 (59.4) r 18 (32.1)

1 49 (35.5) P 6 (10.7)
6 weeks 56 (40.6) 2 6 (4.3) u 11 (19.6)

3 1(07) a 21 (37.5)

0 68 (49.3) r 15 (26.8)

1 57 (41.3 5(8.9
12 weeks 70 (50.7) 2 9 26.5)) E 12 221.21)

3 4(2.9) a 23 (41.1)

0 30 (40.0) r 10 (31.3)

1 30 (40.0) P 1(3.1)
6 months 45 (60.0) 2 9 (12.0) u 5 (156)

3 2(2.7) a 16 (50.0)

4 4 (5.3)

r—radial, p—posterior, u—ulnar, a—anterior.

3.2. Relationship between Injury Localization and the Localization of HO

The study found a significant relation (x? = 28.3, p = 0.005) between the location of the
injury (lateral, posterior, medial, anterior, multilateral) and the location of a HO (radial,
posterior, ulnar, anterior) after 6 weeks. The correlation remained significant even after
12 weeks (x? = 25.5, p = 0.003). However, after 6 months, the correlation was no longer
significant (x> = 9.1, p = 0.421).
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3.3. Correlation between the Application of Ossification Prophylaxis and the Severity of HO

After 6 weeks, we found no significant correlation (x%=1.0, p = 0.797) between the
severity of HO and the application of ossification prophylaxis. The same results were
observed after 12 weeks (x? = 0.9, p = 0.876) and after 6 months (x> = 5.5, p = 0.244) in this
cohort. After comparing the two most commonly used methods for preventing ossification,
Indomethacin and Ibuprofen, it was found that there was no significant correlation between
the severity of HO and the medication taken. This was observed after 6 weeks (x> = 4.7,
p = 0.197), after 12 weeks (x> = 0.9, p = 0.819), and after 6 months (x> = 4.3, p = 0.363).

3.4. Intra- and Interobserver Reliability

The level of agreement between raters (interreliability) was found to be almost perfect
in both the categorization of the severe gradient (kx = 0.951, p < 0.001) and the classification
of the localization of HO (k = 0.953, p < 0.001). Similarly, the level of agreement within
the same rater (intrareliability) was almost perfect for both the severity grade (k = 0.946,
p < 0.001) and the localization (k = 0.949, p < 0.001) of HO.

4. Discussion

In the present study, the formation and extent of ossifications at the elbow joint were
investigated based on radiological signs concerning the injury pattern and localization.
Based on the analyzed data, a classification for HO at the elbow was developed. The
goal of the present study was to simplify and standardize the classification of HO around
the elbow.

4.1. Classification

The aim was to develop a classification that is easy to apply. The severity of HO was
divided into five different categories (0—4). Furthermore, the localization of the ossification
could be documented by the addition of the letters (anterior, posterior, radial, ulnar). This
differs from existing classifications, such as the Hastings and Graham classification, which
focuses predominantly on the restriction of movement [15]. The inter- and intrareliability
for both the severity level and localization of HO classification was almost perfect. Whether
the proposed classification can be easily applied in a clinical daily routine needs to be
shown by further studies and regular applications in clinical practice.

4.2. Incidences of HO

The incidence of HO after surgically treated elbow injuries in our collective (up to 60%)
is much higher than the average values presented in the literature. For example, Herman
et al. described an incidence of 28.7% after surgically treated elbow fractures [26]. Foruria
et al. studied distal humerus fractures that were primarily treated via osteosynthesis;
here, 42% showed HO at 12 weeks [27]. Hong et al. also examined elbows for HO with a
follow-up of 6 months. No ossification prophylaxis was taken by the 124 patients and only
30% showed HO [28].

The higher incidences found in this study may be due to the fact that all the patients
included in the study underwent surgical treatment. This could have triggered a second
inflammatory response in addition to the trauma, potentially leading to an increase in
HO [3]. Also, our cohort may be biased as it does not equally represent conservatively and
surgically treated elbow injuries.

Radiographic controls were conducted 6 and 12 weeks after the surgery, and out of
the 138 patients who were scheduled for these follow-ups, only 75 patients returned for
the examination after 6 months. It is possible that patients with mild symptoms did not
return for control, unlike those with more persistent complaints. Given the nature of our
data collection, it is important to note that our findings are limited to the analysis of elbow
injuries that have been treated surgically and may still exhibit residual symptoms. This
means that any conclusions drawn from our study should be considered within the context
of this specific population.
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Furthermore, a significant correlation was found between the location of the injury
and the localization of HO at 6 and 12 weeks. However, after 6 months, this correlation
was no longer significant. It was observed that HO is formed laterally in 30% of cases and
anteriorly in 50%. This suggests that in most elbow injuries, the ventral capsule might
also be affected, and the associated inflammatory reaction might trigger the formation of
HO. The same findings were described by Wahl et al., one of the very few studies that also
investigated elbow injuries and the localization of HO [11].

4.3. Prophylaxis of HO

In the study, the analysis did not show any significant difference in the development of
HO between the groups with NSAID prophylaxis and the one without. The literature on the
subject presents contradictory statements. For instance, Bochat et al. examined 153 patients
who underwent surgical treatment for elbow injuries, with 78 patients receiving ossification
prophylaxis and 72 not receiving it. Yet, again, no significant difference was found between
the two groups [22]. In a randomized controlled trial published in 2023, there was no
significant difference in the development of HO one year after elbow injury between
patients who received Indomethacin or a placebo [23]. On the other hand, Costopoulos
et al. found a significant difference in the development of radioulnar synostosis after distal
biceps tendon refixation between patients who received Indomethacin and those who did
not receive prophylaxis [29]. The available data on the efficacy of ossification prophylaxis
(NSAIDs) are still subject to controversy. Conclusions drawn for HO prophylaxis in the
context of surgical treatment of the hip joint cannot be transferred to the elbow without
further examinations based on our research and the data collected. Despite several studies
other studies showing no benefit of this treatment, its use remains widespread [30]. Further
randomized studies are necessary to clarify the situation and determine whether the
benefits outweigh the risks.

4.4. Limitations

This study aimed to propose a new classification system for elbow heterotopic ossifi-
cations and accepted its limitations, utilizing a retrospective study design.

One other limitation is that in some cases, the accurate classification of the location of
the injury was difficult due to unclear transitions. Patients with multiple bone injuries or
injuries in combination with a ligamentous lesion were classified as multilateral injuries.
Predominantly in elbow dislocations with or without fractures, the main injury could not
be clearly defined [31]. The classification of the injury was performed depending on the
available diagnostic data. X-rays and CT were performed on most patients after the accident.
An MRI examination, however, was only performed if there was a clinical suspicion of an
additional ligamentous or cartilage lesion. This may lead to some undocumented ligament
injuries.

In the future, for these cases, a prospective analysis of elbow injuries with a stan-
dardized diagnostic pathway including MRI might be an option to include these cases
more correctly in the data evaluation. Furthermore, only the radiological presence or
absence of HO was considered. The correlation with the functional limitation should be
investigated further to determine the clinical significance more precisely. Also, due to the
retrospective study design used to analyze the effectiveness of ossification prophylaxis, it
was not possible to evaluate the treatment duration and patient compliance, even though
it was recommended for 14 days. Therefore, further prospective studies are needed to
explore the prophylaxis’s efficacy more closely. And finally, it must be pointed out once
again that these were exclusively surgically treated patients and that the examined injuries
represented a very heterogeneous collective.

5. Conclusions

The current scientific understanding of the formation of HO in the elbow joint after
trauma is still incomplete. Nevertheless, our classification system can easily categorize
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HO, making it easier to evaluate. Hopefully, this study can assist in collecting more data
and conducting further research to gain a better understanding of HO. This is crucial in
reducing the risk of movement restrictions and revision surgery due to HO and providing
patients with evidence-based prevention and treatment.
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