Original Article

245

Early Surgical Management for Heterotopic Ossification about
the Elbow Presenting as Limited Range of Motion Associated
with Ulnar Neuropathy
Shih-Chieh Yang, MD; Alvin Chao-Yu Chen, MD; En-Kai Chao, MD; Li-Jen Yuan, MD;
Mel Shiuann-Sheng Lee, MD, PhD; Steve Wen-Neng Ueng, MD
Background: The formation of heterotopic ossification (HO) about the elbow after traumatic injury has been well documented in the literature. The optimal treatment, however, for ectopic bone associated with restricted range of motion
and ulnar nerve entrapment syndrome has not been established.
Methods:
Seven elbows with HO in 7 patients admitted to Chang Gung Memorial
Hospital from April 1998 to January 1999 presented with limited range of
motion and associated ulnar nerve neuropathy. All of these patients received
early surgical excision of HO combined with release of the encased ulnar
nerve and anterior transposition, followed by early gentle passive physical
therapy and active exercise within the pain-free range of motion postoperatively.
Results:
Almost full range of motion and complete functional ability following
surgery were recovered in 6 of the 7 patients, while 1 patient who suffered
from multiple traumatic injuries had limited improvement from 45o ankylosis
to 10o~90o of a flexion-extension motion arc.
Conclusion: Our results suggest that early surgical management combined with gentle
physical therapy postoperatively is a feasible modality for treating patients
with post-traumatic HO about the elbow presenting as limited range of
motion and associated ulnar nerve compression syndrome.
(Chang Gung Med J 2002;25:245-52)
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T

he formation of mature lamellar bone in
extraosseous soft tissue is termed heterotopic
ossification (HO). Its true mechanism remains
uncertain although many theories have been proposed.(1,2) HO can result from a variety of local or
systemic insults. Patients who sustain direct traumat-

ic injury (fracture, dislocation, or both), neurological
trauma, thermal burn, and some individuals with
genetic disease are at recognized high risks for HO.
In addition, certain surgical approaches and forceful
passive manipulation of affected joints stiffened by
previous long-term immobilization have been highly
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associated with the development of HO, and may
furthermore accelerate its formation.(3) However,
direct trauma is the most frequent cause of HO about
the elbow.(1) Thompson and Garcia reported that
approximately 3% of their patients with elbow injury
(fracture, dislocation, or both) developed HO. (4)
Josefsson et al. observed a 1.9% incidence of HO in
elbow dislocation patients.(5)
The unique anatomic relationship of the ulnar
nerve at the elbow places it at high risk for injury.(6,7)
Apfelberg and Larson described how the volume of
the cubital tunnel is greatest with the elbow held in
extension and that alteration of the cross section
occurs from a smooth rounded surface to a flattened
triangular or elliptic surface during elbow flexion.
This produces a 55% decrease in volume of the
cubital tunnel. Therefore, the ulnar nerve is subjected
to compression, traction, impaction, and friction
forces against unyielding structures within the normal range of motion of the elbow.(8) This explains
how cubital tunnel syndrome may develop when the
vulnerable ulnar nerve is entrapped due to the spaceoccupying nature of ectopic bone with its proclivity
to violate anatomic planes.(1)
Most investigators have agreed that resection of
HO is the mainstay of treatment, but the timing of
the operation is critical. The optimal timing has been
suggested to be a delay of 12 to 18 months until radiographic evidence of maturation of HO is apparent.(911)
This prolonged delay usually contributes to aggravation of pain, severe stiffness or muscular atrophy,
secondary contracture, and impaired function of the
affected upper extremity. Thus, early surgical management has been considered particularly in cases of
an entrapped ulnar nerve with poor progression
not amenable to conservative medical or physical
therapy.(12-14)

METHODS
We collected and analyzed the medical records
and radiographs of 7 patients including 5 male and 2
female, ranging in age from 17 to 46 years, who had
been treated at Chang Gung Memorial Hospital
between April 1998 and January 1999. All of these
patients had sustained a traumatic injury, resulting in
fracture or dislocation at the elbow (3 left elbow dis-
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locations, 1 right elbow dislocation, 1 medial epicondyle fracture of the left humerus, 1 coronoid fracture of the left ulna, and 1 left radial neck fracture).
They had initially received conservative treatment
consisting of splinting or casting after closed reduction, followed by a period of immobilization for
about 1 month, which caused stiffness or secondary
contracture with decreased range of motion in the
affected elbow. Chinese traditional medication or
physiotherapy by bone setters or physical therapists
was also given during this period. However, the
application of overly aggressive forceful manipulation had worsened the affected elbow, resulting in
progressive restriction of the range of motion and
ulnar nerve neuropathy in all patients. Clinical
symptoms and signs in these patients included stiffening of the elbow joint with limited range of
motion, secondary contracture, and tardy ulnar nerve
palsy with intrinsic muscle weakness and wasting.
Both Wartenberg's sign and Froment's sign were positive in all of these patients. The formation of HO
about the elbow was diagnosed based on careful
physical examination and radiographic evidence
(Fig. 1).(15,16) Serum alkaline phosphatase (SAP) was
also measured in 6 of the 7 patients allowing a definitive diagnosis.
Unlike classical treatment, our method consisted
of early surgical intervention via a posterior
approach, which involved delicate dissection and
resection of the HO (Fig. 2), meticulous hemostasis,
and evacuation of bone dust or demineralized bone
powder from the surgical wound, combined with
adhering soft tissue relief, ulnar nerve anterior transposition after adequate neurolysis, and good postoperative wound drainage.(17,18) Acceptable improvement in the restricted range of motion of the affected
elbow was achieved intraoperatively (with recovery
of nearly the full range of motion in 6 patients and
recovery from fixed 45o to 10o~90o in flexion-extension in 1 patient). Both gentle passive physical therapy or use of an assisted continuous passive motion
machine and active exercise within the pain-free
range of motion was begun immediately on the first
postoperative day. (2,12,19) Neither long-term
chemotherapy nor prophylactic radiotherapy was
used in these patients.
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Fig. 1 (A) Radiograph showing heterotopic ossification over the medial and lateral sides in a patient (no. 6) with limited elbow
motion. (B) CT revealing heterotopic ossification over the cubital tunnel. (C) Ulnar nerve palsy with adductor insufficiency. (D)
Ulnar nerve palsy with claw digit deformity.

RESULTS

Fig. 2 Arthrotomy via a posterior approach showing the
swollen ulnar nerve and extensive heterotopic ossification.

A decreased range of motion from 55o to 95o
preoperatively with nearly full recovery postoperatively in flexion-extension of an assumed 140o maximum range of motion was achieved in 6 of the 7
patients. Two elbows gained a 55o range of motion in
flexion-extension, while the others improved to 65o,
75 o, 85 o, and 95 o ranges, respectively. These 6
patients could perform normal functional activities
and maintain their independence or return to work as
before. Their results were satisfactory. One patient
who had suffered from multiple trauma including
skull bone fracture, cervical spine injury, and medial
epicondyle fracture of the left humerus had limited
improvement from complete ankylosis at 45o to a
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Table 1. Details of the Types of Injuries, Clinical Findings, Operative Timing, Comparison of Preoperative to Postoperative Range of
Motion of the Elbow, and Duration of Follow-up for 7 Patients
Case Age Gender
Injury
no. (y/o)
mechanism
1

28

M

motorcycle
accident
motorcycle
accident
motorcycle
accident

2

30

F

3

41

M

4

17

M

accidental fall

5

46

M

accidental fall

6

26

F

accidental fall

7

27

M

accidental fall

Injury pattern

SAP Tardy ulnar
Timing of
Pre-op ROM Post-op ROM Gain Follow up
palsy
operation since
(o)
(o)
(o)
(mon)
initial injury

right elbow
NA
dislocation
left ulnar coronoid 50
fracture
medial epicondyle 87
fracture of the
left humerus
left elbow
177
dislocation
left elbow
65
dislocation
left radial
45
neck fracture
left elbow
78
dislocation

positive

5 mon later

40 to 85

0 to 140

95

15

positive

4 mon later

25 to 90

0 to 130

65

15

positive

7 mon later

fixed 45

10 to 90

80

18

positive

12 mon later

5 to 90

0 to 140

55

18

positive

6 mon later

5 to 90

0 to 140

55

16

positive

5 mon later

30 to 85

0 to 130

75

18

positive

4 mon later

45 to 90

0 to 130

85

18

Abbreviations: M: male; F: female; SAP: serum alkaline phosphatase; OP: operation; NA: not available; Pre-op: preoperative; Post-op:
postoperative; ROM: range of motion.

neurolysis and nerve transposition in all patients
(Fig. 3). None of the patients complained of ulnar
nerve dysfunction in the outpatient department follow-up for over 12 months. Details of the injury
mechanism and pattern, clinical presentations, operative timing after initial injury, comparison of preoperative and postoperative range of motion of the
elbow, and duration of follow-up for these 7 patients
are shown in Table 1.

DISCUSSION
Fig. 3 Complete recovery of motor function.

10o~90o range of motion in flexion-extension. A
motion arc of 80o was insufficient to easily deal with
daily life. The delay in surgery may have been 1 of
the reasons responsible for this undesirable outcome.
The average preoperative range of motion in flexionextension was 54o compared to 127o postoperatively.
Ulnar nerve entrapment syndrome subsided and
recovered to normal motor and sensory function after
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The elbow is notorious for its propensity to
develop HO after fracture or dislocation, especially
in patients with either neurological injury or a thermal burn.(20-22) Fracture about the elbow is frequently
associated with HO adjacent to the fracture structure.
Simple elbow dislocation without fracture can incite
HO due to soft tissue trauma.(9) It also appears to be
correlated with the duration of immobilization and
the frequency of forceful passive manipulation.(3,4) In
our series, 4 patients with simple elbow dislocation,
1 with a radial neck fracture, 1 with an ulnar coronoid fracture, and 1 with a humeral medial epicondyle fracture developed HO after initial traumatic
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injury with closed reduction; their conditions were
probably aggravated by long-term immobilization
combined with excessive passive stretching manipulation. These patients presented with severe ankylosis with limited range of motion and ulnar nerve
compression neuropathy.(23,24)
The classification proposed by Hastings and
Graham is most frequently used to categorize the
progression and prognosis of HO for upper-extremity
lesions. Class I includes radiological evidence without functional deficit. Class II includes restriction of
motion in either flexion-extension, pronation-supination, or both. Class III includes almost complete
ankylosis of a particular joint.(1) Six patients in our
series were classified as class II, and only 1 patient
was class III preoperatively. This 41-year-old male
patient with complete ankylosis of the left elbow was
a victim of a motor vehicle accident. He had
sustained multiple traumatic injuries resulting in
skull bone fracture, cervical spine injury, and medial
epicondyle fracture of the left humerus.
Neurological injury may predispose a patient to the
development of HO as has been demonstrated in
many studies,(1,2,20) but the mechanism responsible for
this development remains uncertain. This patient
first underwent an operation for skull bone fracture
and cervical spine injury. After 7 months and several
attempts at aggressive manipulation for the progressively stiffening elbow, he complained of severe
ankylosis with compromised range of motion and
tardy ulnar nerve neuropathy. Plain film revealed a
large area of HO around the injured elbow joint in
the vicinity of the fracture. Surgical management
involved resection of the HO combined with ulnar
nerve anterior transposition after neurolysis of the
encircled ulnar nerve from severe scar tissue and VY flap lengthening of the triceps. Severe periarticular scarring and soft tissue ossification rendered surgical intervention difficult, and we were unable to
achieve an ideal functional range of motion.
The most popular assay to monitor patients at
high risk for the development of HO is SAP activity.(25) Orzel and Rudd reported that SAP is a sensitive
indicator of HO, rising well in advance of symptoms
and radiographic soft tissue calcification. In their
series, the average peak SAP was 3.5 times the normal level, beginning in the first month and peaking
in about 12 weeks, suggesting that it can be a reliable
screening tool.(26) Wittenberg et al. described how
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SAP significantly increased 6 weeks after initial
injury and was a useful investigation for diagnosis.(20)
SAP measurement was performed in 6 of 7 patients
in our series with normal results in 5 patients and an
elevated level in 1 patient. This finding is similar to
some other studies which demonstrated no significant difference in SAP levels between matched populations with or without HO.(2,21)
Current treatment or prevention strategies for
HO include various combinations of surgical, radiotherapeutic, physiatric, and pharmacological regimens, but an appropriate standard of care for specific
subsets of patients remains ill-defined.(2) Radiation
therapy provides effective prophylaxis for HO about
the hip in patients at high risk.(27,28) It decreases both
the incidence and severity of postoperative HO if
administered within 72 to 96 hours after injury.
Currently, a single dose of 700 to 800 rads appears to
be as effective as larger fractionated doses and provides much-simpler administration.(29,30) However, it
is not suitable for cases of fracture-dislocation at the
elbow after surgery. The surgical incision cannot be
easily isolated from the radiation ports, and therefore
wound healing may be compromised.(31) Although
some investigators have stated that wound healing is
not impaired regardless of whether radiation is delivered preoperatively or postoperatively because the
total dose to the surgical wound is low,(2) we did not
apply radiation therapy in our series.
Chemotherapeutic agents commonly used to
prevent HO include diphosphonates and nonsteroidal
anti-inflammatory drugs (NSAIDs). Diphosphonates
are no longer used due to rebounding calcification
after discontinuance and undesirable side effects of
gastrointestinal disturbance and osteomalacia. (1)
NSAIDs have been extensively tested and have
shown efficacy in preventing HO about the hip
joint.(32) Indomethacin is the most popular NSAID
used for prophylaxis. To our knowledge, there is no
study which specifically examines its effect on HO
about the elbow. Although some authors have recommended 75 mg indomethacin orally twice a day or
25 mg orally 3 times a day for 3 to 6 weeks postoperatively, the optimal timing and duration for the use of
NSAIDs to treat HO about the elbow have not been
thoroughly investigated.(2,33) In our series, NSAIDs
were administered for postoperative analgesia, but
not for as long a period as suggested by several previous studies.
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Early resection of HO before it matures can
greatly increase stiffness because of reformation.
The optimal time for resection is difficult to determine. The desire to delay surgery until HO has
become metabolically quiescent must be balanced
against the risks of progressive soft tissue
contracture, potential articular cartilage destruction,
and prolonged infirmity.(1) Resection of HO is generally delayed until 12 to 18 months after the past trauma.(9-11) The duration of the delay has been somewhat
correlated with the time required for maximal recovery after neurological injury and radiographic maturation of the HO. However, this delay usually causes
exacerbation of pain, severe stiffness, secondary contracture, and even complete ankylosis in the injured
elbow. Hastings and Graham advised that surgical
treatment be delayed for 6 months after the initial
trauma. (1) Recent reports have documented good
results with early intervention of from 4 to 8 months
after injury.(10,33) Our results support the findings of
those previous studies that HO about the elbow associated with restricted range of motion and neurovascular compression should be the standard indication
for surgical intervention.(9) In our series, surgery was
performed as early as the appearance of clinical progression complicated by HO. The mean time to
surgery was 6 months (4 to 12 months) after the initial traumatic injury, and the results were encouraging.
Appropriate management of HO of the elbow
requires the integration of surgery with a sequence of
postoperative adjuvant modalities. Surgery plays a
prominent role in treatment plans and is indicated if
the elbow is considered functionally impaired or if
there is intractable pain. A postoperative physical
therapeutic program is also necessary and can begin
as early 24 to 72 hours after surgery.(2,12,19) It involves
assisted active range-of-motion exercises, gentle passive stretching, and terminal resistance training.
Some authors even suggest that the range of motion
be maximized with gradual physical therapy rather
than using surgical excision to release the muscle
contracture.(2) However, passive stretching is contraindicated after HO is suspected, but continuous
active exercise within the pain-free range of motion
is recommended.(34,35)
Prevention of HO is always preferable to treatment.(9) High-risk injuries involving complex fracture or dislocation that are accompanied by signifi-
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cant soft tissue damage or hematoma formation at
the elbow should be carefully followed-up for the
development of HO. Preventive measures like minimizing additional traumatic insult by judicious surgical technique (including as much atraumatic practice
as possible, rigid fracture fixation, thorough irrigation of soft tissues after fracture repair, prevention of
bone dust deposition and deep infection, meticulous
hemostasis, and good postoperative wound drainage)
and avoiding prolonged immobilization and
overzealous passive stretching manipulation of the
injured extremity appear to help reduce the risk of
HO formation.(36) However, once a diagnosis of HO
about the elbow is confirmed, particularly in cases
associated with progressive restricted range of
motion and ulnar nerve compression neuropathy,
early surgical treatment followed by early gentle passive physical therapy and active exercise within the
pain-free range of motion postoperatively is a feasible modality which should be considered.(35,36)

REFERENCES
1. Hastings H II, Graham TJ. The classification and treatment of heterotopic ossification about the elbow and forearm. Hand Clinics 1994;10:417 -37.
2. Ellerin BE, Helfet D, Parikh S, Hotchkiss RN, Levin N,
Nisce L, Nori D, Moni J. Current therapy in the management of heterotopic ossification of the elbow: a review
with case studies. Am J Phys Med Rehabil 1999;78:25971.
3. Michelsson JE, Rauschning W. Pathogenesis of experimental heterotopic bone formation following temporary
forcible exercising of immobilized limbs. Clin Orthop
1983;176:265-72.
4. Thompson HC III, Garcia A. Myositis ossificans: aftermath of elbow injures. Clin Orthop 1967;50:129-34.
5. Josefsson PO, Johnell O, Gentz CF. Long-trem sequelae
of simple dislocation of the elbow. J Bone Joint Surg Am
1984;66:927-30.
6. Bozentka DJ. Cubtial tunnel syndrome pathophysiology.
Clin Orthop 1998;351:90-4.
7. Khoo D, Carmichael SW, Spinner RJ. Ulnar nerve anatomy and compression. Orthop Clin North Am 1996;27:
317-38.
8. Apfelberg DB, Larson SJ. Dynamic anatomy of the ulnar
nerve at the elbow. Plast Reconstr Surg 1973;51:76-1.
9. Summerfield SL, DiGiovanni C, Weiss APC. Heterotopic
ossification of the elbow. J Shoulder Elbow Surg 1997;
321-32.
10. Garland DE. A clinical perspective on common forms of
acquired heterotopic ossification. Clin Orthop 1991;

Shih-Chieh Yang, et al
Early surgical management for HO

263:13-9.
11. Vince KG, Miller JE. Cross-union complicating fracture
of the forearm. J Bone Joint Surg Am 1987;69:640-53.
12. Slobodan D, Meek RN, Snelling CFT, Broekhuyse HM,
Blachut PA, O'Brien PJ, Boyle JC. Range of motion and
complications after postburn heterotopic bone excision
about the elbow. J Trauma 1996;41:825-30.
13. Lundborg G. Surgical treatment for ulnar nerve entrapment at the elbow. J Hand Surg 1992;17B:245-47.
14. Hoffer MM, Brody G, Ferlic F. Excision of heterotopic
ossification about elbow in patients with thermal injury. J
Trauma 1978;18:667-70.
15. Mannerfelt LG. Studies on ulnar nerve compression neuropathies with a new computerised instrument-the intrinso-meter. Scand J Plast Reconstr Hand Surg 1997;31:25160.
16. Britz GW, Haynor DR, Kuntz C, Goodkin R, Gitter A,
Maravilla K, Kliot M. Ulnar nerve entrapment at the
elbow: correlation of magnetic resonance imaging, clinical, electrodiagnostic, and intraoperative findings.
Neurosurgery 1996;38:458-65.
17. Steiner HH, Haken MS, Steiner-Milz. Entrapment neuropathy at the cubital tunnel: simple decompression is the
method of choice. Acta Neurochir (Wien) 1996;138:30813.
18. Fernandez E, Pallini R, Lauretti L, Scogna A, Marca FL.
Neurosurgery of the peripheral nervous system: cubital
tunnel syndrome. Surg Neurol 1998;50:83-5.
19. Seradge H, City O. Cubital tunnel release and medial epicondylectomy: effect of timing of mobilization. J Hand
Surg AM 1997;22:863-6.
20. Wittenberg RH, Peschke U, Botel U. Heterotopic ossification after spinal cord injury. J Bone Joint Surg Br
1992;74:215-8.
21. Evans EB. Heterotopic bone formation in thermal burns.
Clin Orthop 1991;263:94-101.
22. VanLaeken N, Snelling CFT, Meek RN, Warren RJ, Foley
B. Heterotopic bone formation in the patients with burn
injuries. A retrospective assessment of contributing factors and methods of investigation. J Burn Care Rehabil
1989;10:331-5.
23. Bednar MS. Ulnar tunnel syndrome. Hand Clinics
1996;12:657-64.
24. Anto C, Aradhya P. Clinical diagnosis of peripheral nerve
compression in the upper extremity. Orthop Clin North
Am 1996;27:227-36.

251

25. Furman R, Nicholas JJ, Jivoff L. Elevation of the serum
alkaline phosphatase coincident with ectopic bone formation in paraplegic patients. J Bone Joint Surg Am 1970;
52:1131-7.
26. Orzel JA, Rudd TG. Heterotopic bone formation: clinical,
laboratory, and imaging correlation. J Nucl Med 1985;
26:125-32.
27. Seegenschmiedt MH, Keilholz L, Martus P, Goldmann A,
Wolfel R, Henning F, Sauer R. Prevention of heterotopic
ossification about the hip: final results of two randomized
trials in 410 patients using either preoperative or postoperative radiation therapy. Int J Radiat Oncol Biol Phys
1997;39:161-71.
28. Slawson RG, Poka A, Bathon H, Salazar OM, Bromback
RJ, Burgess AR. The role of post-operative radiation in
the prevention of heterotopic ossification in patients with
post-traumatic acetabular fracture. Int J Radiat Oncol Biol
Phys 1989;17:669-72.
29. Lo TCM, Healy WL, Covall DJ, Dotter WE, Pfeifer BA,
Torgerson WR, Wasilewski SA. Heterotopic bone formation after hip surgery: prevention with single-dose postoperative hip irradiation. Radiology 1988;168:851-4.
30. Pellegrini Jr VD, Konski AA, Gastel JA, Rubin P, Evarts
CM. Prevention of heterotopic ossification with irradiation after total hip arthroplasty. J Bone Joint Surg Am
1992;74:186-200.
31. Crenshaw AH, Jr. Fractures of shoulder girdle, arm, and
forearm. In Canale ST. ed. Campbell's Operative
Orthopaedics. 9th ed. USA: A Times Mirror Co., 1998:
2281-362.
32. Schmidt SA, Kjaersgaard-Anderson P, Pederson NW,
Kristensen SS, Pederson P, Nielsen JB. The use of
indomethacin to prevent the formation of heterotopic
bone after total hip replacement: a randomized, doubleblind clinical trial. J Bone Joint Surg Am 1988;70:834-8.
33. Viola RW, Hastings H. Treatment of ectopic ossification
about the elbow. Clin Orthop 2000;370:65-86.
34. Peterson SL, Mani MM, Crawford CM, Neff JR, Hiebert
JM. Postburn heterotopic ossification: insights for management decision making. J Trauma 1989;29:365-9.
35. Crawford CM, Varghese G, Mani MM, Neff JR.
Heterotopic ossification: are range of motion exercises
contraindicated? J Burn Care Rehabil 1986;7:323-7.
36. Garland DE. Surgical approaches for resection of heteroeopic ossification in traumatic brain-injured adults.
Clin Orthop 1991;263:59-70.

Chang Gung Med J Vol. 25 No. 4
April 2002

252

7
1999

1998

4

1

45

10

90

(طܜᗁᄫ 2002;25:245-52)

“ł' ‹ ' ´ |
¥x¥_|ˇ
'‹
90ƒ~8⁄º16⁄Ø¡F– ¤ ¥Z‚ ¡G¥` Œ
¤ ⁄ ⁄Ø·`¡G¥` Œ
fl`¤œ' ƒL¥»‡B¡G‡fl‹Lƒt´ fiv¡A“ł' ‹ ' ´ |
3278113; E-mail: yu9101@cgmh.org.tw

90ƒ~11⁄º19⁄Ø¡C
'‹ ¡Cfi ¶Ø¿⁄ 333 t⁄s¶m·_¿‡

5‚„¡C Tel.: 886-3-3281200 ext. 2420; Fax: 886-3-

