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Introduction

Post-traumatic elbow stiffness is a common complication among 
patients with injuries or burns to the elbow joint and the surrounding 
tissues that leads to limited flexion and extension of the elbow joint, 
and even limited forearm rotation in some patients, thus severely 
affecting patients’ daily activities. Heterotopic ossification (HO) is one 
of the most important causes of post-traumatic elbow stiffness. In 
general, for patients with stiff elbow joint injuries and mild HO who 
can still perform elbow joint function training, it is recommended 
that elbow joint function be restored through rehabilitation training, 
being careful of the intensity of manual treatment. However, for 
patients with post-traumatic elbow stiffness and severe HO or 
patients with nonsevere HO during preoperative examination but 
with poor long-term treatment effects, the usual recommendation is 
surgical excision of heterotopic bones and elbow contracture release. 
However, there is still much controversy regarding the timing of sur-
gical resection, postoperative elbow functional training techniques, 
and measures to prevent HO recurrence [1–3]. Since 2007, we have 
simultaneously performed surgical excision of heterotopic bones and 
elbow contracture release to treat patients with post-traumatic elbow 
stiffness and HO, along with using active rehabilitation therapy early 
after surgery to restore elbow function. Combining radiotherapy and 
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oral drug therapy, as well as making corresponding changes in reha-
bilitation training techniques, can comprehensively prevent HO 
recurrence. So, the purpose of this study was to analyze the effect of 
post-traumatic stiffness by taking operation and postoperative 
rehabilitation.

Materials and methods

General information

From February 2007 to November 2021, we performed surgical 
release on 17 patients (20 elbows) who were unable to recover func-
tional elbow stiffness through rehabilitation and brace treatment, 
among which 15 cases (18 elbows) were associated with various 
degrees of HO, accounting for 90% (18/20) of the total number of 
treated elbows. Among the 15 patients with HO and elbow stiffness, 
12 were male and 3 females, with the age range of 21–62 (mean 41.1 
years). The stiffness time ranged from 6 to 36 months, with an aver-
age of 15.1 months. The cases were classified by injury type as fol-
lows: two cases of olecranon fracture, one case of distal humerus 
fracture, one case of olecranon fracture combined with distal 
humerus fracture, three cases of soft tissue injuries around the 
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Figure 2.  X-ray examination of a patient did not reveal HO, but pathological examination after surgery indicated that the submitted sample contained bone.

elbow, and eight cases of elbow stiffness and HO secondary to 
large-area burns, including a case of bony ankylosis. The fractures 
were treated with open reduction and internal fixation (ORIF). Three 
olecranon fractures were fixed with tension band wiring or plate fix-
ation, and two distal humerus fractures with plate fixation. The 
causes for injury were classified as follows: two vehicle accidents, 
four falls, eight burns, and one cutting injury. HO was diagnosed in 
14 out of 15 patients (Figure 1) and was not found through preoper-
ative X-ray on the other patient. However, bony tissue was found in 
the posterior region of elbow during intraoperative release for the 
patient without HO, which confirmed to be cartilage tissues by post-
operative pathological examination (Figure 2). HO was found in the 
anterior region in only 1 case, in the posterior region in 6 cases, and 
in the medial region in 11 cases. The severity of HO in 17 elbows was 
determined according to the Hasting and Graham classification [4]. 
Class I (n = 0): Radiographic evidence without functional deficit; 
Class IIA (n = 15): Radiographic evidence with limitation in the flex-
ion–extension axis; Class IIB (n = 0): Radiographic evidence with lim-
itation in the pronation–supination axis; Class IIIA (n = 2): Ectopic 
bone formation and ankylosis of the joint in the flexion–extension 

axis; Class IIIB (n = 0): Ectopic bone formation and ankylosis of the 
joint in the pronation–supination axis; Class IIIC (n = 0): Ectopic 
bone formation and ankylosis of the joint in the pronation–supina-
tion and flexion–extension axes (Table 1). Flexion and extension 
dysfunction to different degrees was also discovered in most 
patients (Figure 3). The preoperative flexion–extension arc of the 
elbow ranged from 0° to 70°, with an average of 22.8°. The func-
tional score ranged from 39 to 72 points, with a mean of 51.6 points. 
Elbow flexion ranged from 0 to 90 degrees, with a mean of 46.1 
degrees. A written informed consent was obtained from each 
patient.

Ethical statement

This study was conducted in accordance with the declaration of 
Helsinki. This study was conducted with approval from the Ethics 
Committee of the Fourth Medical Center of Chinese PLA General 
Hospital NO: 2022KY059-KS001, and an informed consent was 
obtained from all patients.

Figure 1.  The preoperative radiograph showed HO in the medial and posterior elbow, as indicated by the arrows. (a) The X-ray shows HO on the ulnar side of the 
elbow joint in the anteroposterior projection. (b) The X-ray shows HO on the ulnar side of the elbow joint in the lateral projection.
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Treatment

Operative method: We used the original surgical incision, and surgical 
approaches were individualized considering the HO location. The 
skin and subcutaneous tissues were directly incised to the deep fascia 
and muscles, and entry through the intermuscular space was used to 
expose the joint capsule and HO. Resection of heterotopic bones 
affects elbow motion (Figure 4) and incises the contracture joint cap-
sule tissues. Passive flexion and extension of the elbow joint can be 
performed many times during the release process to explore possible 
factors of stiffness, which should be subsequently eliminated. When 
performed, passive flexion and extension should be gentle, and the 
use of force should be avoided. The drainage tube is conventionally 
placed during surgery. A patient-controlled analgesia pump should 
be installed immediately after operation.

Postoperative management and rehabilitation: All patients 
performed exercises for isometric contraction of limb muscles when 

pain-free on the 2nd postoperative day, if the wound was stable after 
surgery. To increase the range of motion of the elbow, patients also 
received gentle active and passive function training after the removal 
of the drainage tube and continued to perform muscle-strength 
training for elbow flexion and extension. A professional rehabilitation 
team administered comprehensive rehabilitation treatment. The 
patients were strongly encouraged to carry out active training to 
increase the range of joint motion. Adjuvant therapy with 
semiconductor laser irradiation and intermediate frequency 
electrotherapy were also performed to relieve pain, relax adhesion, 
and promote tissue repair. Stitches were removed 2 weeks after 
operation. For patients whose straightening or flexion angles were 
not progressing significantly, the elbow joint was fixed for 2–6 h a day 
at the maximum extension or flexion angle reached during 
rehabilitation training with an orthosis made of low-temperature 
thermoplastic panels to help improve the range of joint mobility 
(Figure 5).

Measures to prevent HO recurrence: (1) Radiation therapy at 500–
800 rad was performed once within 24 h before operation. Three 
patients (4 elbows) received radiation therapy once within 24 h 
before operation, and the two patients with severe HO received an 
additional single dose of radiation therapy of 500–800 rad after 
operation. The patient for whom HO was observed during operation 
received radiation therapy once within 24 h after operation. (2) 
Patients were administered 0.2 g of ibuprofen three times daily for 
2–3 months postoperatively. If gastrointestinal reactions occurred 
while under medication, the medication was accordingly 
discontinued. (3) For passive joint activity training in rehabilitation 
therapy, gentle manual treatment was used to prevent excessive pain 
reactions, and routine cold compressions were administered for 15 to 
20 minutes after training. (4) Joint physiotherapies with thermogenic 
factors, such as wax therapy and infrared radiation therapy, were 
avoided, and nonheating semiconductor laser irradiation and 
intermediate frequency electrotherapy were recommended.

Functional assessment

The flexion-extension arc and functional score of the elbow joint 
were measured after treatment and compared with the measure-
ments before treatment. The Hospital for Special Surgery (HSS) elbow 
assessment scoring system (with a maximum score of 100) was used 
to assess elbow joint function, including pain, function, range of 
motion in the sagittal plane, muscle strength, flexion contracture, 
extension contracture, pronation, and supination. X-ray examination 
was performed to observe HO recurrence in the elbow joint and adja-
cent tissues.

Table 1.  Patient demographics.
Number or 
Mean (±SD)

Percent or range

Gender (n = 15)
Male 12 80
Female 3 20
Injury type (n = 15)
Olecranon fracture 2 13.3
Fractures of the distal humerus 1 6.7
Olecranon fracture combined with 
distal humerus fracture 

1 6.7

Elbow soft tissue injuries 3 20
Burns secondary elbow stiffness 8 53.3
Causes (n = 15)
Vehicle accidents 2 13.3
Falling 4 26.7
Burns 8 53.3
Cutting injury 1 6.7
Hasting and Graham classification  
(n = 17)
ΙI A 15 88.2
ΙII A 2 11.8
HO location (n = 18)
anterior 1 5.6
posterior 6 33.3
lateral 0 0
medial 11 61.1
Radiotherapy (Y/N)
Y 4 22.2
N 14 77.8
Age, Y 41.1±12.3 21–62
Stiffness time, month 15.1±7.7 6–36
Follow-up time, month 31.2±12.3 3–52
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Figure 3.  Preoperative examination showed limited degrees of flexion–extension arc of the elbow. (a) Preoperative observation of clear extension problems 
with the elbow joint. (b) The range of motion for active flexion of the joint is significantly limited.
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Figure 6.  Postoperative active joint range of motion. (a) There was clear improvement in the elbow extension after operation. (b) The range of motion of elbow 
joint flexion was significantly improved after operation.
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Statistical analysis

The paired-samples t-test was used to determine statistical signifi-
cance, and the categorical variables were compared by chi-square 
test. We considered p < 0.05 to be statistically significant and used 
two-sided tests.

Results

We analyzed the differences of location and extent of HO between 
burns and other traumas and found that the locations of burn-in-
duced Hos mainly located in the medial side of the elbow, whereas 
HOs caused by other traumas, such as fractures and soft tissue injuries, 
generally located in the posterior side (p < 0.01) (Table 2). The severity 
of HO was not statistically significant between burns and other trau-
mas (p > 0.05) (Table 2). All the patients’ incisions healed well. After 
surgical treatment and postoperative rehabilitation, joint function 

was significantly improved (Figure 6). The follow-up time ranged from 
3 to 52, with a mean of 31.2 months. The elbow flexion–extension arc 
after treatment ranged from 75° to 140°, with a mean of 105.8°. The 
functional score of the elbow joint ranged from 64 to 100 points, with 
a mean of 88.7 points. The increase in both the flexion–extension arc 
and functional score of the elbow joint after treatment was statistically 
significant (p < 0.01) (Table 3). Roentgenographic examination showed 
no HO recurrence during the follow-up period (Figure 7).

Discussion

Fractures, dislocations, soft tissue injuries, and burns of the elbow joint 
can cause elbow joint stiffness, commonly known as post-traumatic 
elbow stiffness [5]. The main manifestations of elbow joint stiffness 
include that the elbow joint and its surrounding tissues become indu-
rated and contracted and lack softness and ductility, and there is lim-
ited flexion and extension of the elbow joint, combined with forearm 
rotation dysfunction in a few patients. The main pathological basis of 
post-traumatic elbow stiffness is the formation of scars around the joint 
caused by injury or surgery and the shortening of soft tissues around 
the joint caused by long-term immobilization, and HO of the tissues 
around the joint is also a very important pathological factor [6,7]. HO is 
commonly observed in limb joints suffering severe trauma, burns, and 
central-nervous-system injury and mainly occurs in the knee and hip 
joints and, in particular, the elbow joint. Currently, the pathogenesis of 
HO is still not fully understood, and various theories have been put for-
ward. The reaction after local tissue damage, local immobilization, limb 
spasticity, etc. plays a central role in the development of HO. It has been 
suggested that HO in patients with severe local trauma is related to an 
increase in local endogenous bone morphogenic protein, fibroblast 
growth factors, and other biological factors that facilitate bone forma-
tion [8–10]. However, this theory makes it difficult to explain why HO 
occurs in limb joints with central-nervous-system injury. Although HO 
formation involves many factors, restricted activity or immobilization 
may be a very important coexisting factor. This factor mainly includes 

Table 2.  HO location and extent among traumas.
Burns Others χ2 p

HO Location (n = 18) 18.635 0.000
medial 11 0
lateral 0 0
anterior 0 1
posterior 0 6

Extent of HO (n = 17†) - 1.000
IIA 10 5
IIIA 1 1

†n = 17, patient with chondrogenic ossification was excluded due to no preoperative 
X-ray evidence.

Figure 4.  Heterotopic bones were resected during operation.

Figure 5.  The orthosis employed for extension.
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two aspects. One is the limitation of movement caused by various 
internal and external fixations required for treatment; the other is the 
active pain resulting from severe trauma and burns and the limitation 
of passive movement by increased muscle tension of the limbs result-
ing from injury to the central nervous system.

For patients with post-traumatic elbow stiffness combined with HO 
who need surgical treatment, it is important to determine when to 
perform surgical excision of heterotopic bones and how to perform 
intraoperative release of elbow contracture. It is generally believed that 
it is necessary to wait until the heterotopic bones become mature to 
perform surgical excision. However, it is difficult to establish a unified 
standard for heterotopic bone maturity in clinical practice. Surgical 
excision is generally performed at least 8 months after the diagnosis of 
heterotopic bones, and laboratory test results, such as erythrocyte 
sedimentation rate, C-reactive protein, and alkaline phosphatase, must 
be normal [11,12]. Another problem that should be noted is that, in 
most cases, joint stiffness tends to be last longer when surgical excision 
is performed after heterotopic bones are mature. Contracture and 
shortening of the joint capsule, ligaments around the joint and muscle, 
and tendon tissues must be observed at the time of release. Therefore, 
surgical treatment of post-traumatic elbow stiffness combined with HO 
should consist not only of resection of the heterotopic bones affecting 
the range of joint motion but also the release of the contracture and 
shortening of the joint capsule and the soft tissues around the joint to 
create good conditions for postoperative rehabilitation of joint function 
[11,13,14]. In addition, we observed a very important clinical 
phenomenon: once ectopic ossification has resulted in complete 
ankylosis of the elbow joint, disappearance and fibrosis of articular 
cartilage are imminent. Therefore, we suggest that heterotopic bone 
be removed as soon as possible to avoid joint fusion and disappearance 

of articular cartilage and further affect the treatment effect, irrespective 
of 8 months maturity of heterotopic bone.

Despite the excellent range of passive motion of a joint resulting 
from surgical excision of heterotopic bone and soft-tissue loosening, 
postoperative rehabilitation is still considered to be a very difficult 
process. The main manifestations of this difficulty are as follows: (1) the 
patient feels pain during the training process, and the active and 
passive ranges of motion decrease soon after operation; (2) the ductility 
and compliance of the soft tissues around the joints make it necessary 
to wait to perform rehabilitation until sufficient stretching and 
functional activities have been performed. As joint recovery takes a 
long time, there is a very clear rebound of the joint range of motion. The 
patient’s range of motion increases immediately after training but 
returns to its original level after a night’s rest. This behavior often 
confuses therapists as well as patients, who sometimes even lose 
confidence in recovery. In rehabilitation training, priority should be 
given to restoring flexion function, when necessary, to ensure that 
patients can perform some functional activities as soon as possible to 
enhance their confidence in rehabilitation [15]. To alleviate the rebound 
degree, a static orthosis made of a low-temperature thermoplastic 
plate can be used after joint-motion training to significantly increase 
the time of tissue remodeling and promote the gradual extension of 
the structures around the elbow joint. A characteristic feature of an 
orthosis made of the aforementioned material is that the angle of the 
orthosis can be adjusted over time by heating and shaping according 
to the progress of the patient’s joint motion, which can promote 
rehabilitation. The orthosis should be worn intermittently. Intermittent 
fixation of the orthosis can increase the length of time that shortened 
tissues lacking ductility can be maintained in a drawn state, thereby 
increasing tissue ductility as soon as possible and reducing the 
rehabilitation time. Another advantage of intermittent fixation is that 
the restoration of a different orthosis angle is not affected by external 
fixation of the orthosis during the night and removal the next morning 
to carry out extension or flexion training.

Preventing the recurrence of ectopic bone is an important and 
arduous task in the treatment of patients with elbow stiffness. We 
successfully prevented the recurrence of ectopic ossification by 

Table 3.  Pre versus postoperative functional evaluation.
Preoperative Follow-up p

Flexion-Extension 
Arc

22.8 ± 18.8 105.8 ± 20.8 0.000﹤0.01

HSS Score 51.6 ± 8.1 88.7 ± 9.5 0.000﹤0.01

Figure 7.  At follow-up, X-ray examination showed no HO recurrence, either in the anteroposterior projection (a) or the lateral projection (b).

a b
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and heterotopic ossification. Hand Clin. 2017;33(2):375–388. 
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org/10.1097/BPO.0000000000000923
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combining administration of oral ibuprofen for 2–3 months [3] with 
the protection of soft tissue during operation, thorough drainage of 
hemorrhage after operation, and attention to the training strength of 
passive joint motion after operation. It has been reported in many 
studies that a single dose of radiation can effectively prevent the 
occurrence of HO or recurrence after heterotopic osteotomy [16,17]. 
However, only three patients in this group were treated with 
preoperative or postoperative radiotherapy to prevent the recurrence 
of HO, whereas none of our patient’s experienced recurrence of HO. 
Therefore, it is difficult for us to make a comprehensive and accurate 
evaluation of the effect of radiotherapy. Note that there is no problem 
with fracture healing in patients treated with radiation and oral 
ibuprofen, whereas radiation may otherwise affect the final healing of 
a fracture [18]. Neither a definite conclusion nor research reports have 
been published regarding the causal relationship between HO and 
the passive motion of the elbow joint. The purpose of passive motion 
is quite clear, that is, shortening of the elbow joint capsule and the 
surrounding soft tissues. The problem of shortened tissues must be 
resolved through mechanical drawing by passive motion, whereas the 
use of active motion is currently often very limited in rehabilitation 
and sometimes even ineffective. However, there is a consensus that 
the use of excessive external force during the rehabilitation of the 
elbow joint should be avoided in case of an increased risk of HO in the 
soft tissues around the joint. Our treatment experience has shown 
that satisfactory therapeutic effects can be achieved by controlling 
the intensity of passive motion and degree of pain experienced by the 
patient in combination with applying ice compresses after training 
based on reasonable physical factors; thus, the incidence of HO caused 
by passive motion is effectively reduced and can even be prevented.

However, this study has some limitations. The number of cases 
was small, so the distribution characteristics of HO in the elbow joint 
due to different causes were not analyzed. Additionally, this study 
applied multiple measures to prevent HO recurrence and reconstruct 
elbow function, and it was not possible to analyze the role of a single 
measure. Therefore, we will enroll more patients and optimize the 
study protocol in further study, to observe the important role of HO in 
causing post-traumatic elbow stiffness and find out more targeted 
preventive measures.

Conclusion

Most of traumatic elbow stiffness that required surgical release is 
combined with heterotopic or chondrolated heterotopic bone forma-
tion. Surgical excision of heterotopic bones and elbow contracture 
release combined with postoperative rehabilitation and preventative 
HO measures can be an effective treatment for cases of post-trau-
matic elbow stiffness combined with HO for which conservative treat-
ment is ineffective.
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