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Case report
Heterotopic ossification of the elbow joint in a child: Successful
surgical resection - A case report
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ARTICLE INFO ABSTRACT

Keywords: Background: This case report describes the occurrence of a rare heterotopic ossification of the
Pediatrics elbow joint in a child, caused by inappropriate movement after trauma. A successful operation to
Elbow

remove heterotopic ossification was described in the report with satisfactory results.

Case presentation: A 7-year-old boy suffered a supracondylar fracture of the humerus after an
accidental fall, and after immobilization with a cast, improper movement resulted in heterotopic
ossification of the elbow joint, which severely affected joint function. The heterotopic ossification
was surgically removed and a complete recovery was demonstrated at 18 months follow-up. The
heterotopic ossification was successfully removed with good elbow function and no recurrence at
18 months follow-up.

Conclusions: The purpose of this report is to show the good results with surgical treatment of
heterotopic ossification of the elbow joint in children,when conservative treatment does not
work.

Heterotopic ossification
Surgical procedures
Case reports

1. Background

Heterotopic ossification (HO), first described by the German physician Riedel in 1883, is a common complication in the field of
rehabilitation, presenting as lesions similar to benign tumors [1]. It is characterized by ectopic ossification of collagen supporting
tissues such as tendons, ligamentum aponeurosis and skeletal muscle. The most commonly affected areas are the hip and elbow joints,
and occur mainly in young people, with a lower incidence in children.

HO can be divided into different types and classifications based on its underlying causes and anatomical site. Traumatic HO is
commonly seen in people who have suffered severe trauma, such as broken bones or burns. Neurogenic HO may be a complication of
central nervous system diseases such as spinal cord injury or traumatic brain injury. Hereditary HO, such as fibrodysplasia ossificans
progressiva, is very rare but causes extensive and progressive ossification of fibrous tissues such as muscle, tendons and ligaments
throughout the body [2].

The diagnosis of HO usually includes a combination of clinical evaluation, medical imaging (e.g. X-rays, CT scans), and laboratory
tests. X-rays is the usual diagnostic pathway for children with HO. Treatment options for HO are limited and often focus on controlling
symptoms, reducing inflammation, and preventing further ossification. Depending on the severity, type and location of the HO,
treatment options such as non-steroidal anti-inflammatory drugs (NSAIDs), physical therapy, and surgery may be considered [3]. The
diagnostic challenge lies in the fact that the interpretation of elbow radiographs in pediatric patients necessitates expertise from both
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imaging departments and clinicians with a comprehensive understanding of elbow development in children.

Although most cases of HO are self-limited, and some cases resolve on their own [4], surgical intervention for HO in children is rare.
Widespread HO in the elbow can lead to significant joint deformity and, in rare cases, complete ankylosis. The purpose of this study
was to follow up a case of HO caused by inappropriate movement at another hospital after trauma, resulting in decreased elbow
function. We provided scientific exercise instructions, however, HO did not naturally absorb, thus hindering joint mobility and
requiring surgical removal. The follow-up results were satisfactory. This case shows that elbow HO has a significant effect on the
function of children and can be surgically removed to achieve satisfactory results, but prevention should be the first priority. In
children after elbow joint trauma need through scientific exercise methods, should not be unprofessional rough methods, so as to
prevent the formation of elbow heterotopic ossification.

2. Case presentation
A six-year-old boy accidently fell while playing, injuring his right elbow. He was diagnosed with a supracondylar fracture of the

humerus at another hospital, which was not an open fracture, without nerve damage, and given a cast. Three weeks later, the cast was
removed, but the boy’s elbow was stiff. The patient had normal elbow joint activity before injury, no history of trauma or burns, no

Fig. 1. (A)(B) HO at first visit. (C)(D) Prior to surgery, HO had deteriorated to grade II. (E) (F) Complete surgical removal of the HO. (G)(H) There
was no recurrence of HO at last follow-up. (I) (J) Preoperative elbow range of motion: 45° (range 45°-90°). (K)(L) At last visit, elbow range of
motion: 140° (range 5°-145°).
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central nervous system diseases such as spinal cord injury or traumatic brain injury, and genetic diseases such asfibrodysplasia
ossificans progressiva, he underwent passive exercise as part of his rehabilitation. However, improper training caused the function of
his elbow joints to gradually deteriorate and caused the child pain, as his parents said. The patient underwent manual passive flexion
and extension of the elbow joints by other physicians, resulting in pain and discomfort with each session. This passive exercise was not
mechanically assisted, and had to be discontinued each time due to the patient’s pain.

At our hospital, X-rays showed HO at the elbow, which was grade I of the Brooker classification (Fig. 1A and B). The Brooker
classification of HO was initially used to describe the degree of HO around the hip joint, but now it is often used as a clinical clas-
sification for all cases of HO based on X-ray display. This condition results in limited flexion and extension of the elbow, which is
measured by computer aided measurements of approximately 80° (range 30°~110°). Mayo Elbow Performance Score (MEPS) is one of
the most commonly used instruments for the functional assessment of elbow joint, and MEPS of the patient is 80, the patient feels pain,
and the affected area can reach a mass. The doctor instructs the patient to exercise the elbow properly and conducts regular follow-up
visits. The patient was followed up seven times. At the last visit, the patient reported persistent elbow pain and significantly limited
flexion and extension with a flexion range of approximately 45° (range 45°-90°) (Fig. 1I and J). According to research on the
biomechanics of the elbow joint, a range of flexion and extension motion of 100° (30-130°) and a range of forearm rotation motion of
100° (50° forward rotation and 50° backward rotation) are sufficient to meet daily activity needs. The MEPS score is 60 points. The HO
of the elbow joint worsened to grade II (Fig. 1C and D).

During preoperative testing, Gc protein and RBP4 were not detected, and hemoglobin results were normal. Under general anes-
thesia, two experienced pediatric orthopedic surgeons operated on the child to remove the HO. During the operation, the ulnar nerve
was initially exposed for protection to prevent damage during the procedure. Subsequently, the base of HO was exposed, and the entire
HO was exposed using an electrosurgical unit along its surface, avoiding excessive exposure of growth plates, muscles and tendons. The
HO base was completely excised with an osteotome, hemostasis was achieved on the bony surfaces using bone wax, and thorough

hemostasis was ensured at muscular bleeding points with an electrosurgical unit. The joint capsule was repaired, and the HO was
completely resected (Fig. 1E and F). The surgical procedure was uneventful with no complications. The excised HO was sent for
pathology, and the pathological report showed dense connective tissue, with focal cartilage ossification. The patient began active
elbow movement 24 hours after surgery, including full range of flexion and extension, ensuring that the movements did not induce
local pain, for 20 minutes each session, twice daily. This was increased to thrice daily after 2 weeks and lasted for 6 months. Patients
are encouraged to use the operated arm in their daily routines, and took Ibuprofen for 3 weeks, 5ml each time, 3 times a day.
After 18 months of follow-up in the outpatient department, the patient had significantly improved elbow function, with a flexion

and extension Angle of approximately 140° (range 5°-145°) and a MEPS score of 100 (Fig. 1K and L). X-rays showed no recurrence of
HO (Fig. 1G and H). There were no adverse and unanticipated events throughout the process.
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Fig. 2. Schematic diagram of the relationship between TGF-§ and HO.
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3. Discussion and conclusions
3.1. Risk factors for HO of the elbow joint

This article describes a case of elbow joint HO caused by improper movement after trauma. It has been hypothesized that trauma
and improper exercise are associated with the development of elbow HO [5,6]. Studies have found that HO is related to TGF-p and
exhibits high levels of activity of TGF - f§ in the HO microenvironment [5]. We drew a figure to explain this mechanism (Fig. 2). Trauma
and excessive exercise cause muscle damage, leading to local increases in TGF-p(6). Due to the wide variation in muscle strength and
severity of HO in children of different ages, it is very difficult to control the application of force during artificial passive movement.
Excessive force can exacerbate local soft tissue damage [6]. To reduce this risk, continuous passive exercise machines are recom-
mended [7]. The case reported in this paper were given passive activities in other hospitals, and each passive activity caused elbow
joint pain in the patient. Pain means nerve stimulation and is a warning of tissue damage. Therefore, the degree of passive activities
could not be controlled, and should be individualized, so as not to cause pain and avoid aggravating soft tissue damage.

Ectopic bone formation requires the presence of osteoblasts, a suitable environment, and stimulating factors [8]. Chemical or
mechanical stimuli can serve as stimulating factors, such as alcohol, silver nitrate, and trauma. Osteoblasts are thought to be derived
from stroma and nerve cells [9]. Risk factors for elbow HO often include trauma, nerve damage, and burns. After trauma, local factors
such as hypoxia, pH, micronutrient supply, and mechanical stimulation induce progenitor cells to differentiate into preosteoblasts,
leading to HO [10]. Studies have shown that open fractures and delayed surgery may increase the likelihood of elbow HO [11].
Compared to patients who had surgery within one day, patients who had surgery eight or more days after injury had a 12 times higher
chance of developing HO [12]. Open fractures predict extensive soft tissue damage and the release of inflammatory factors, which
increases the incidence of HO [13].

Passive movement after fracture also increases the risk of developing HO [6,14]. Therefore, active movement is recommended after
fracture, while inappropriate movement should be avoided. Inappropriate passive exercise exacerbates secondary soft tissue injury,
thereby increasing the likelihood of HO [6]. In addition, studies have shown that among patients with fractures, there is a higher
incidence of HO among men, patients with open fractures, and patients not using NSAIDs [11]. In the case of nerve injury, bone tissue
may form in the soft tissues adjacent to the peripheral joint below the injury plane. This condition usually occurs within one to three
months of nerve injury, with an average incidence of 10 %-20 % [15]. Animal studies have shown a significant increase in HO at the
joint site after nerve injury [16]. However, the exact pathogenic mechanism remains unclear. Low expression levels of Ge¢ protein,
RBP4 and hemoglobin may be closely related to HO after TBI [17]. In the case reported here, the fractures were non-open fractures
with no neurological damage. Gc protein and RBP4 were not detected, and hemoglobin results were normal. Male gender, non-use of
NSaids, and excessive passive exercise are considered risk factors for HO, especially in patients with significant excessive passive
exercise.

For burn patients, studies have shown that the incidence of HO after severe burns is about 4.0 %. In addition to identified risk
factors such as length of stay in the burn intensive care unit, the extent and depth of the burn, and the presence of lung and skin
infections [18]. In addition, HO was experienced by more than 60 % of military personnel with explosion-related amputations,
suggesting that explosive effects are a risk factor for HO development [19]. Genetic factors, including but not limited to progressive
osteofibroplasia, Albers-Schonberg ossification, and progressive osteodystrophy, may also contribute to HO [20]. None of these risk
factors were present in the case reported in this paper.

3.2. Treatment of elbow HO in children

Elbow HO is rare in children [21], which presents a challenge for pediatric orthopedic surgeons to diagnose and treat. Improper
treatment can lead to elbow bone malformation and affect elbow function in children. Effective treatment is essential to stop the
progression of the disease and restore normal elbow function in children. At present, there are two main treatment methods for elbow
HO: conservative treatment and surgical treatment.

Conservative treatment focuses on controlling the progression of the disease through non-surgical means such as physical therapy
and medication. Traditional treatments include non-steroidal anti-inflammatory drugs (NSAIDs) and radiation therapy, but these have
had limited use in children due to drug toxicity and potential radiation damage. Several treatments have recently emerged, including
bisphosphonates, BMP inhibitors, and RARy agonists, but there is a lack of research specifically in children [22].

Surgical treatment is appropriate for severe cases where conservative treatment cannot control the progression of the disease.
According to Morrey’s study of the biomechanics of the elbow joint [23], the flexion range of 100° (30-130°) and the forearm rotation
range of 100° (50°-50°) (forward 50°, back 50°) are sufficient to meet the needs of daily activities. Therefore, surgical intervention
should only be considered in severely limited cases, as most cases can be effectively controlled with conservative treatment [24].
Surgical treatment mainly included ectopic osteotomy and joint capsulotomy. If the flexion range of motion does not improve, further
removal of the contractuated capsule may be necessary. Active activity under the guidance of an experienced therapist is recom-
mended after surgery. Although passive movement has been reported to be possible in post-operative care, active movement with pain
control is advocated to minimize the risk of exacerbating local soft tissue injury and HO recurrence [7].

A study by Eric K. Lee [25] of 384 surgically treated patients with elbow HO showed that the average flexion and extension of the
elbow before surgery was 53°/83°. After surgery, the patient’s range of motion improved significantly, with elbow flexion/extension
increasing to 75°/123°. After surgical removal of elbow HO, the patient’s functional range of motion improved significantly.
Arthroscopic HO of the elbow can reduce surgical trauma and the complication rate is comparable to that of traditional open surgery. A



X. Zhao and H. Xu Heliyon 10 (2024) e33756

study consisting of 213 elbow surgeries and 213 elbow surgeries in 211 patients found no statistically significant difference in com-
plications between open surgery and arthroscopic surgery [26].

In conclusion, the treatment of elbow HO in children should be based on the specific condition, considering the severity and
limitations of symptoms. Conservative treatment should be taken first, and surgical treatment should only be performed if conservative
treatment has failed. Careful postoperative management and active exercise are essential to optimize treatment outcomes and reduce
the risk of complications.

3.3. When to surgically remove HO of elbow joints

The traditional surgical treatment for elbow HO is to intervene one year after the injury. However, recent studies have shown that
early removal of ossified tissue has similar effects in terms of function and complications compared to delayed removal. For example, a
study by Shuai Chen [27] found that HO recurred in 30 (26.8 %) of 112 patients who underwent delayed surgery, compared with 15
(28.9 %) of 52 patients who underwent earlier surgery. There were no significant differences in HO recurrence, range of motion
(ROM), Mayo Elbow Function score (MEPS), or postoperative complications between the two groups. In another retrospective analysis
by Koh [28], researchers studied 77 patients with post-traumatic elbow stiffness due to HO. The final results were assessed according to
elbow range of motion and MEPS. Through univariate and multivariate analyses, it was determined that delaying surgery for more
than 19 months was an independent risk factor for HO recurrence. He Shukun [29] investigated 42 patients with elbow joint HO and
divided them into early operation group and late operation group with 12 months as the cut-off point. The study found that the average
preoperative ROM was higher in the late resection surgery group, suggesting that ROM could be improved even without surgery. Both
early and late surgery resulted in increased ROM and MEPS, but early surgery showed greater improvements in ROM and MEPS
compared to late surgery, suggesting that early HO ectomy provides better elbow function. In addition, a study of eight patients who
underwent HO surgical removal of elbow joints showed satisfactory follow-up results. The surgery was performed between 3 and 10
months (average 7 months) after the injury, and all patients received postoperative radiation therapy. Therefore, the study concludes
that the timing of elbow HO ectomy is not strictly limited to the traditionally recommended 12-18 months after injury [30].

3.4. How to prevent HO of elbow joints in children

At present, there are few studies on the prevention of elbow HO in children. Among adults who eventually develop HO, 86 % of
cases have imaging evidence within two weeks of surgery, underscoring the importance of early postoperative imaging [31]. Yangbai
Sun’s study showed that 200 mg of celecoxib taken daily for 28 days after elbow joint surgery significantly enhanced elbow flexion and
extension function [32]. The use of celecoxib immediately after elbow surgery can effectively inhibit HO formation. However, cele-
coxib has limited efficacy in reducing the development of HO once it has become apparent on imaging [33]. Unfortunately, no studies
have investigated the efficacy and safety of celecoxib in children under the age of 18.

Studies have also shown that prophylactic single-dose radiotherapy combined with NSAIDs is a safe and effective measure to
prevent HO after elbow joint surgery [34]. Radiation can inhibit the osteogenic differentiation of mesenchymal stem cells [35].
Nevertheless, a review of the literature showed that routine HO prevention after elbow replacement surgery in adults lacks existing
literature support, and the effectiveness of preventive measures in high-risk patients remains uncertain [36]. In a study involving
children with neurogenic hip dislocation, preventive radiation therapy was found to be ineffective in preventing post-operative HO
formation in any patient with neurogenic hip dislocation. Therefore, radiation prevention methods used in adults cannot be used in
children [37]. In addition, exposure to radiation can lead to radiation-induced cancer many years after treatment [38], and side effects
on the gastrointestinal tract, kidneys, and cardiovascular system [20]. Therefore, the risks and benefits of radiotherapy for elbow HO in
children need to be carefully considered. In the case reported in this paper, the authors concluded that radiation therapy would do
more harm than good in pediatric patients, so the patients were not treated with radiation therapy. Further research is needed to
develop prevention strategies for elbow HO after elbow surgery in children.

In addition to steroidal anti-inflammatory drugs and radiation therapy, bisphosphonates have also been studied for the prevention
of elbow pain, with results showing a significant reduction in the occurrence of post-traumatic elbow pain [39]. Exercise also plays a
crucial role in preventing elbow HO. Postoperative elbow activities can prevent joint adhesion and reduce the likelihood of HO.
However, care should be taken to avoid aggressive passive movements that aggravate the injury and increase the risk of developing
HO. Functional exercises can begin 24-72 hours after surgery, including active and gentle passive movements [40]. In the case re-
ported here, after surgical removal of HO, progressive painless active movement should be performed while ensuring that wound
healing is not affected. Excessive activity should be avoided to prevent wound cracking and soft tissue damage. In addition, excessive
activity before the wound heals may increase the tension of the incision, creating a risk of scar formation.

In conclusion, prevention of elbow joint HO in children should be done from two aspects. First, identifying and controlling risk
factors is essential to reduce the occurrence of HO. Second, the use of drugs and/or radiation therapy should be carefully evaluated,
taking into account the associated benefits and risks. Non-steroidal anti-inflammatory drugs and radiation therapy are not commonly
used in pediatric patients, so it is necessary to develop and evaluate a personalized prevention strategy for elbow HO based on the risk-
benefit ratio. In addition, in pediatric patients with multiple elbow fractures and severe soft tissue injuries, careful hemostasis and
minimization of soft tissue stripping during surgery are also important measures to prevent HO.

The significance of this study lies in its presentation of an exceptional case of the disease and demonstration of a successful surgical
procedure for excising heterotopic ossification from the elbow joint, resulting in satisfactory restoration of elbow function. These
findings provide valuable insights into the treatment of heterotopic ossification in pediatric patients; however, it is important to note
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that personalized treatment approaches may be necessary due to variations in each child’s condition.
4. Patient perspective

In my personal experience, my kid underwent a crucial elbow joint heterotopic ossification resection surgery, which significantly
improved the functionality of his elbow joint. Notably, He is now pain-free and the X-ray examination revealed complete realignment
of the heterotopic bone. This outcome has brought immense joy and satisfaction to my family. Throughout this process, I have wit-
nessed the selfless dedication and professional expertise of healthcare professionals who not only demonstrated exceptional surgical
skills but also provided my kid with attentive care and guidance during postoperative follow-up. I am deeply grateful for the hard work
and professional treatment delivered by the entire medical team.
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