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Abstract

Heterotopic ossification (HO), a well-known sequela of
trauma, burns, head injury, and certain congenital or
acquired metabolic conditions, has a predilection for the
hip and the elbow. This disease has uncommonly been
found after elective open shoulder surgery but extremely
seldom after minimally invasive surgery. In our search
of the peer-reviewed literature, we found no reports of
HO after arthroscopic rotator cuff repair. The clinical
importance of heterotopic bone after shoulder surgery
remains unclear because of inconsistent definitions,
varying correlations of symptom severity and radio-
graphic findings, and lack of treatment efficacy data.
Here we report a case of severely symptomatic HO after
arthroscopic rotator cuff repair—successfully treated
with excision of the heterotopic bone, interval release,
and manipulation.

eterotopic ossification (HO), a well-known
sequela of trauma, burns, head injury,<and
certain congenital or acquired metabolic con-
ditions, has a predilection for the hip,and the
elbow.! This disease may have a gefietic; neurologic,
or traumatic origin, with trauma including orthopedic
surgery. Although the exact etiology of HO is unknown,
several predisposing factors have béen proposed: prosta-
glandin (specifically, prostaglandin E,) activity, hypercal-
cemia, tissue hypoxia, alterations in sympathetic nerve
activity, prolonged immbobilization, anid imbalances
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between parathyroid hormone activity and, caleitoning
All these factors have been shown to contribute to HO??

HO has uncommonly been found after electiveropen
shoulder surgery but extremely seldom after minimally
invasive surgery.® In our search ofl the peef-reviewed lit-
erature, we found no reports of HO,after arthroscopic
rotator cuff (RC) repair. The clinical importance of het-
erotopic bone after shoulder'surgery remains unclear
because of inconsistent definitions, varying correlations
of symptom severity ‘and radiographic findings, and
lack of treatment.efficacy:data.

Here we véport a case of severely symptomatic HO
after arthroscopic RC repair—successfully treated with
excision of therheterotopic bone, interval release, and
manipulation. The patient provided written informed
congent for print and electronic publication of this case
report.

CASE REPORT

The patient was a 65-year-old man with a 4-year history
of left, nondominant shoulder pain. Over the preceding
months, the pain had progressed to the point that it was
markedly limiting his recreational activities. He reported
experiencing loss of motion with weakness and managing
this condition with physical therapy (PT), acupuncture,
massage, and, over the past year, corticosteroid injections
(3). There was no significant medical history, though the
patient had undergone a successful arthroscopic right
subacromial decompression (SAD). He did not smoke.
Body mass index was 26.

The patient rated his pain on a verbal analog scale as
2/10 at rest and 7/10 with overhead activities. Cervical
spine examination was unremarkable. There was focal
tenderness over the
biceps tendon in
the proximal bicipi-
tal groove. Other
findings were active
range of motion
(ROM) of both
shoulders with for-
ward elevation (FE)
to 160°, abduction
to 160°, external

Figure 1. Initial antero-
posterior radiograph
shows no deltoid het-
erotopic ossification.
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Figure 2. Axial view computed tomography of deltoid hetero-
topic ossification. Arrow identifies area of deltoid ossification.

rotation (ER) of 90° at 0° of abduction, and internal
rotation (IR) reach behind the back to the vertebral
body of T8. Subscapularis function was normal with a
negative liftoff test, while Speed’s and O’Brien’s tests for
biceps dysfunction were positive. There was significant
pain with resisted supination but no pain with cross-
body adduction, negative anterior apprehension, load
and shift, and sulcus signs. RC strength was 4/5 for all
segments as assessed by standard manual muscle testing.
Left shoulder radiographs showed significant acromio-
clavicular joint degenerative arthritis but were otherwise
unremarkable (Figure 1). Magnetic resonance imaging
(MRI) of the left shoulder was significant for,RC ten-
dinosis and degenerative changes of the, biceps tendon.
Given the chronic shoulder pain, physical examination
findings, failure to progress with nonoperative,interven-
tion, and imaging findings, the surgical plan was set for a
left shoulder arthroscopy with biceps tenodesis, acromio-
plasty, and SAD. Surgical evaluation of the/integrity of
the RC would dictate further surgical intéfvention.

Examination with thé patient under interscalene anes-
thesia revealed ROM equivalent to that of the contralat-
eral side and good stability. Arthroscopic evaluation with
pump pressure maintained at 50 mm Hg demonstrated
pristine cartilage on glenoid and humeral head, intact
subscapularis, infraspinatus, and teres minor. The biceps
tendon, howevery was significantly degenerated. A full-
thickness crescent-type supraspinatus tear was identified.
The tear presented with fair tendon quality and had a
footprint of approximately 20 mm. The subacromial
space showed marked subacromial bursitis and a mod-
erate-size anterior inferior osteophyte on the acromion.
The supraspinatus tear had occurred during the delay
between diagnostic MRI and arthroscopic evaluation,
and the osteophyte had not been identifiable at the time
of the MRI. The surgeon performed arthroscopic RC
repair with 3 titanium anchors (Fastin RC; DePuy Mitek,
Raynham, Mass), sutures passed in mattress fashion, and
standard posterior and anterior portals.
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Figure 3. Anteroposterior computed tomography of heterotopic
ossification. Arrow identifies area of deltoid ossification.

For the acromioplasty and the SAD, a lateral portal
was used approximately 3rem below the acromion. The
coracoacromial ligament was left intact, and a standard
cutting block technique was used to resect the acromial
osteophyte. During the arthroscopy, a type II superior
labral ‘anterior to posterior (SLAP) tear was found.
This lesion was debrided back to the rim of the glenoid,
and a subpectoral biceps tenodesis was performed as
definitive management. The biceps tenodesis was com-
pleted through the lateral portal with a basket forceps
and allowed to retract on the intertubercular groove.
A separate incision was made through skin and subcu-
taneous tissue just under the pectoralis major tendon.
The biceps was identified, and an anchor (Bioraptor
Guide; Smith & Nephew, Andover, Mass) was inserted
in the usual fashion. Sutures were passed into the biceps
tendon with a single-pass technique at the musculoten-
dinous juncture using a locking suture.

There was no significant intraoperative bleeding or
postoperative hematoma associated with this procedure.
A pain pump was placed, no drain was used, and the
patient’s arm was immobilized in a standard abduction
sling (DonlJoy, San Diego, Calif).

On postoperative day 3, the patient started PT with
passive ROM as outlined by Millett and colleagues.*
He continued with passive ROM activities through
the first 4 postoperative weeks. At 1-month follow-up,
he had significant stiffness with FE at 90° and ER of
10° at 0° of abduction with capsular end feels. He was
advised to be more aggressive with ROM. Over the next
8 postoperative weeks, he developed significant pain
with ROM activities above 90° of FE or past 30° of ER.
Three months after surgery, plain radiographs showed
an ossification in the deltoid muscle. MRI showed an
intact, well-healed RC. Computed tomography showed
an ossification that seemed to be in the posterior surface
of the middle deltoid with extension into the infraspi-
natus (Figures 2, 3). Concern was raised as to whether
the patient had a history of diffuse idiopathic skeletal



Figure 4. One-year postoperative anteroposterior radiograph
shows no heterotopic ossification. Four suture anchors are visible.

hyperostosis (DISH) or previous HO episodes. The
patient denied previous issues. It was decided that he
should undergo a course of radiation to minimize the
likelihood of HO recurrence.>® The left shoulder was
preoperatively treated with 750 cGy for HO prophylaxis.
Data suggest that a single preoperative fraction dose of
radiation is as beneficial as multiple postoperative frac-
tion doses in minimizing HO recurrence.’!
Approximately 3 months after the initial arthroscopic
RC repair, the patient underwent open excision of het-
erotopic bone and an arthroscopic lysis of adhesions.
The lysis of adhesions was performed to avoid trau-
matic manipulation after RC repair, as suchymanipu-
lation may increase the chance of RE retearing.'!-!?
Examination with the patient under anesthesia revealed
FE of only 80° and ER of 10° at 0° of abduction. When
arthroscopic equipment was inserted into,the subacro-
mial space, thick scarring{was noted between the RC
and the acromion, and a marked amount of scar tissue
was seen in the anterior, middle, and lateral gutters. The
scar tissue was resected, divided, removed, and taken
sharply off its intersection into the undersurface of the
acromion. The heterotopic bone on the middle, deep
surface of the“deltoid did not involve any of the RC
and was not associated with the scar tissue from the
subacromial space. Given the size of the ossifications,
open excision of the heterotopic bone was performed
beginning with a saber-type incision in the shoulder.
The deltoid was split in line with its previous lateral
portal, and the calcifications were identified on the deep
surface of the deltoid. These ossifications were removed
with circumferential dissection, sent to pathology, and
determined to be benign. The deltoid was meticulously
reapproximated with specific attention given to repair-
ing the posterior fascia without tension using Vicryl 0
sutures. The subcutaneous tissue, the more superficial
tissues, and the saber incision were closed with Vicryl
0, Vicryl 3-0, and Monocryl 3-0 sutures, respectively.
Portals were closed and sterile dressings applied.
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Postoperative passive ROM demonstrated FE of
160° and ER of 90° at 0° of abduction. A Cryo/Cuff
(Aircast, Austin, Tex) was applied, and the patient’s
arm was immobilized in a standard abduction sling
(Donloy). Four hours after surgery, the patient began
postoperative rehabilitation with emphasis on passive
ROM and active assisted ROM in all planes. He report-
ed having none of the preoperative pain during thefirst
therapy session. He did PT twice daily for the fitst 4
postoperative days, was discharged home onpostopera-
tive day 4, and began outpatient PT on postoperative
day 5. His postoperative course was uneventfuls By 5
months after surgery, his Shoulder/Pain and Disability
Index (SPADI)!3 score was 17%, he was pain-free, and
he had resumed full golf activity. ‘ActiveAROM demon-
strated FE of 150°, ER of«70° at 0° abduction, and IR
reach behind the back to/T12! Radiographs showed no
HO recurrence. One.and 2 years after surgery, SPADI
score was 10%, and active ROM demonstrated FE of
150°, ER of 85%at 0° abduction, and IR reach behind
the back to T10. Radiographs at 1 and 2 years demon-
strated no recurrence of HO (Figure 4). Two years after
surgery, left external RC strength as assessed by isomet-
rie.handheld dynamometry was 6.4 kg compared with
6.7 kg on the right. Abduction strength in the plane of
thefscapula of the left shoulder was 4.77 kg compared
with 5.7 kg on the right.

DiscussioN

HO is abnormal formation of true bone in extraskeletal
soft tissue. The etiology is incompletely understood but
is thought to be multifactorial. Poorly understood sys-
temic factors, usually relating to pathology of the central
nervous system and genetic makeup, predispose to bone
formation. Local factors, including decreased local oxy-
gen tension,'* tissue trauma, and inappropriate expres-
sion of cellular signal proteins (eg, bone morphogenetic
protein),!>1¢ synergize with the systemic factors to cause
pluripotent mesenchymal stem cells to differentiate into
active osteoblasts. Spindle cell proliferation and primitive
osteoid formation initiate the histologic evolution of HO,
typically over the first week of the inciting event. By week
2, cartilage and woven bone are present. Finally, mature
trabecular bone forms 2 to 5 weeks after the inciting
trauma. After approximately 6 weeks, a zonal phenom-
enon can be seen with immature, undifferentiated, central
tissues and peripheral mature lamellar bone. Bone subse-
quently forms at triple the rate of normal bone, and it has
twice the number of osteoclasts of age-matched bone.!”-13

Mpyositis ossificans classically was used to describe
many diseases that result in abnormal bone formation.
More recently, this general term fell into disfavor, as
primary muscle inflammation is not a necessary condi-
tion for bone formation. In addition, ossification may
occur in a variety of nonbone tissues, including fas-
ciae, tendons, and other mesenchymal soft tissues. HO
should not be confused with another common shoulder
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pathology, dystrophic calcification (calcific tendonitis
or calciphylaxis). Mature bone trabeculae are formed in
HO, whereas acellular amorphous calcium is deposited
in dystrophic calcification.!® This physiologic difference
has implications for methods and timing of treatment.

The most common acquired risk factors for HO are
central nervous system injury, burns, and trauma with
resultant hematoma formation. In the setting of nervous
system injury with no surgical insult, HO in the shoul-
der occurs at a rate of 0.3% to 8%.!8:20-22 Postoperative
periarticular ossification about the shoulder has been
clinically recognized as a complication since it was
described by Smith?? in 1835, but the definition of HO
for the purposes of study is still heterogenous. Multiple
methods for grading HO have been used.’* Apparently,
the shoulder is predisposed to minor periosteal hetero-
topic bone formation after open surgery because of
extensive soft-tissue coverage.”> From the literature, the
incidence may be estimated at 30% to 40%.2%27 Erggelet
and colleagues®* reported a 26.7% incidence after open
acromioplasty and RC repair, with minor clinical impact.
Risk factors for HO were prolonged surgical time and
presence of osteoarthritis. Boehm and colleagues®®
found a 15% incidence of HO formation in patients
who underwent total shoulder arthroplasty (TSA) or
hemiarthroplasty—and no statistical difference between
the procedures. Patients who underwent cuff-tear TSA,
however, were at higher risk for HO formation (36%).
Sperling and colleagues® found a 24% incidence/of/HO
after TSA but did not note any preoperative riskefactors
or adverse effects on clinical outcomes. After conducting
a systematic review, they found a range of 0% to. 45%
HO after TSA. With a critical review, it 18 evident that
the trauma of open shoulder surgery may lead;relatively
frequently, to clinically insignificant ossification about
the shoulder.

Modern shoulder surgery‘has in large part evolved
into arthroscopic techniques, which aredmostly thought
to be as efficacious as but less morbid than their open
counterparts.’0-34 It is believed that, for HO, constant
irrigation with arthroscopic' fluid dilutes osteoinduc-
tive marrow eléments, eluted from bone after SAD,35-36
lessening the risk for HO formation in muscle adjacent
to the area of intramedullary penetration.”-3¥ Minimal
soft-tissue trauma should theoretically limit hematoma
formation and iatrogenic muscle damage as well, limit-
ing another osteogenic stimulus. It could be argued that
theinitial RC repair in this case could have contributed
to, the patient’s HO, but supporting data are minimal
because of the rarity of the situation. The effect of
accelerated rehabilitation after minimally invasive sur-
gery remains unknown; at present, no determination can
be made about the influence of rehabilitation on HO.?°

In multiple series,?**? investigators have analyzed
complications of arthroscopic shoulder surgery and
found no evidence of postoperative HO. Berg and
colleagues,** who first called attention to HO after
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arthroscopic treatment, thought it was a source of resid-
ual impingement and surgical failure. They described
their 10 patients as having ossicles that reformed in
the area of previous bone resection, such as the cora-
coacromial ligament and the acromioclavicular joint.
They believed this new periosteal bone formation may
have been a result of a patient profile of hypertrophic
pulmonary osteoarthropathy, obesity, diabetes mellitus,
and smoking. In contrast to Berg and colleagtes, who
reported mild periosteal bone formation insthe area of
previous local resection, Boynton and Enders'® reported
a severe case of HO after arthroscopic SAD,that ulti-
mately required fusion of the glenohumeral joint. This
clinical presentation seems distin¢t from that described
by Berg and colleagues in that there was immediate onset
of extremely painful bone formation in a nonperiosteal
location, the deltoid muscle bélly. Qur patient’s case was
similar—extreme pain presenting shortly after surgery,
plus radiographic ¢evidence that the deltoid muscle was
immediately adjacent to the RC. These findings lead
us to believe(that this type of severe HO is a separate
clinical entity related not to local bone resection but to
preexisting systemiC patient factors that may predispose
to-ossification after minor local trauma.

CONCLUSIONS

Our patient’s case is significant in several ways. First,
it _provides additional evidence that HO may occur in
the deltoid muscle even after the relatively mild trauma
imparted by arthroscopic surgery. Second, a review of
the literature suggests that 2 types of HO may arise after
elective shoulder surgery—a clinically benign type, which
occurs at muscle insertion and in periosteal locations after
local surgical trauma, and a severe type in which bone
forms in a diffuse periarticular pattern (the severe type is
more painful, and its onset more rapid). Third, we dem-
onstrate that the aggressive condition can be successfully
treated with resection of the pathologic bone and surgical
treatment of the ensuing soft-tissue contracture by con-
ventional open interval release and manipulation, with
adjuvant radiotherapy to the affected area. This treatment
preserves patients’ active function and mobility after elec-
tive surgery. Notably, passive ROM did not lead to further
HO formation in our patient, who had been treated with
radiation. External radiation therapy is a well-accepted
treatment for prophylaxis of heterotopic bone. Given
our patient’s long-term intolerance to nonsteroidal anti-
inflammatory drugs (NSAIDs) and the suboptimal results
of using NSAIDs for HO prophylaxis, radiation therapy
was selected. Although the data support administration
up to 24 hours after surgery, immediate preoperative
administration facilitates treatment and eliminates the
need to transport a sedated patient for this treatment.>*

This report should heighten awareness of the postop-
erative factors of atypical limited ROM and pain, which
hinder postoperative recovery and warrant radiologic
investigation. When HO occurs, it may be treated with



resection and early motion after prophylaxis. Capsular
ROM restrictions should also be addressed at the time
of surgical intervention.
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