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Heterotopic ossification (HO) is characterized by the formation of
bone in extraosseous sites. Its etiology is multifactorial and typically
associated with an insult that results in an inflammatory cascade
involving prostaglandin release.12 Heterotopic ossification (HO) for-
mation is most commonly reported following significant brain or
spinal cord trauma.5,21 While some patients are asymptomatic,
others can experience significant bone formation resulting in severe
pain and dysfunction. Several case reports have documented HO
formation following COVID-19 infection, with an incidence of 19% in
those with severe illness.11,20 Heterotopic ossification (HO) of the
glenohumeral joint is a rare occurrence and has been described
following shoulder arthroscopy and total shoulder arthroplasty.14

The occurrence of glenohumeral HO resulting from trauma or
illness is rare and limited to case reports.16,17

Management of HO depends on its clinical manifestations.
Prevention is the ideal strategy for high-risk circumstances, such as
spinal cord injury and head trauma.21,22 While prevention mea-
sures are not possible, surgical excision may be required if HO is
severe enough to affect function. This is typically performed once
the HO is deemed mature, or sufficiently constituted for excision.1

In extreme cases, joint salvage procedures may be indicated to
optimize function. However, joint salvage is further complicated by
the status of the soft tissues and surrounding neurovascular
structures. In the case of reverse total shoulder arthroplasty (rTSA),
dislocation has been described as the most common complication
and is often multifactorial.4 It is important to consider the location
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of the HO during surgical planning and how this can contribute to
instability when determining surgical options.

We present the case of a 52-year-old male patient who devel-
oped HO resulting in loss of range of motion in his left shoulder
following severe COVID-19 infection. The patient required surgical
HO excision and rTSA to restore function, followed by a revision to
hemiarthroplasty (HA) due to subsequent instability.
Case presentation

A 52-year-old right handedominant male presented to the or-
thopedic clinic for evaluation of a 1-year history of left shoulder pain
and stiffness. Medical history was notable for morbid obesity (body
mass index55kg/m2),hypertension,andobstructivesleepapnea.One
year prior, he had been diagnosed with acute respiratory distress
syndrome due to COVID-19, resulting in prolonged immobilization
beginningon thedayof admissionwhenhewas intubated.During the
first 5 days of hospitalization, the patient was placed in the prone
position multiple times to optimize his ventilation. During the sixth
dayof his hospitalization, his respiratory status improved to the point
that he could tolerate being supine; however, he continued to require
intermittent paralytics, high-dose sedation, high levels of positive-
end expiratory pressure, and high fractions of inspired oxygen. On
day 14 of his hospitalization, he was transitioned to pressure support
modeon theventilator ashismental and respiratory status improved.
A tracheostomy was performed on day 20. At that time, the patient
complained of severe left shoulder pain and left-sided weakness and
swelling. He was placed on a heparin drip for management of a left
internal jugular vein thrombosis. Neurology was consulted and a
subsequent stroke workup was found to be negative.
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Figure 1 Antero-posterior (AP) of the chest obtained 1 year before hospitalization is
presented to evaluate the partially seen left glenohumeral joint. There is no evidence of
degenerative changes or ectopic ossification in this limited view.

Figure 2 (A) AP and (B) scapular-Y radiographs of the left glenohumeral joint 4 months afte
year after hospitalization. AP, antero-posterior.
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Physical therapy was initiated during hospitalization to address
his overall deconditioning and lack of left shoulder range of motion.
Thirty days after admission, the patient was discharged to a long-
term acute care hospital where he continued to participate in
therapy. However, he had increased stiffness and pain in his left
shoulder during the subsequent months. Recovery was also
complicated by left foot drop with subsequent electrodiagnostic
studies demonstrating a complete left peroneal nerve palsy. He
reported no symptoms in his shoulder before his COVID-19 diag-
nosis. There were no prior dedicated glenohumeral radiographs
available for comparison, however chest radiographs from 1 year
before hospitalization showed no abnormalities in his left gleno-
humeral joint (Fig. 1).

At the time of his first examination in our orthopedic clinic, the
patient’s glenohumeral joint was fixed at 45 degrees of internal
rotation with zero degrees of shoulder flexion and zero degrees of
abduction. Presumably, this was the position of his arm during
prolonged periods of prone intubation. Evaluation of radiographs
r hospitalization. (C) AP and (D) scapular-Y radiographs of the left glenohumeral joint 1



Figure 3 (A and B) Axial cuts of a left shoulder noncontrast computed tomography scan obtained 12 months after hospitalization showing glenohumeral heterotopic ossification
with bridging exostoses from the humeral head to the glenoid resulting in complete absence of glenohumeral motion. Figure A also shows bone formation around the insertion of
the subscapularis on the lesser tuberosity. Glenohumeral joint space is noted to be preserved. Given the maturity of the bone on imaging, a bone scan was not pursued. (C) 3D
reconstruction showing glenohumeral joint fusion anteriorly and (D) posteriorly.

Figure 4 (A) Internal rotation and (B) external rotation AP views of the glenohumeral joint which show widening of the distance between the glenosphere and the humeral tray. AP,
antero-posterior.
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obtained 16 months after his hospitalization showed progressive
autofusion of his left glenohumeral joint (Fig. 2). Additional workup
included electromyography (EMG) and nerve conduction studies
(NCS), which demonstrated intact axillary nerve function. A
computed tomography scan was performed to further evaluate the
88
heterotopic bone, which showed a cortical outline with cancellous
bone in the center, consistent with mature HO3 (Fig. 3).

Following his prolonged hospitalization, the patient also devel-
oped left foot dropwith EMG and NCS demonstrating a complete left
peroneal nerve palsy. The patient was hygienically unable to wash



Figure 5 (A) Internal rotation and (B) AP views of the glenohumeral joint showing a stable hemiarthroplasty 6 months postoperatively. AP, antero-posterior.
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under his arm or reach his face with his hand. A discussion of treat-
ments ensued, with the patient expressing a desire to have at a
minimum passive range of motion for hygiene and the ability to po-
sition his arm to allow him to reach his face. Although his preference
was for active motion, he understood his risk of implant instability
given his body habitus and increased fall risk with his foot drop.

The patient subsequently underwent HO excision and rTSA. At
the time of surgery, significant ossification of the rotator cuff
including the subscapularis, supraspinatus and infraspinatus ten-
dons was noted. Intraoperatively, a constrained liner was placed to
obtain stability, which was satisfactory during trialing of the com-
ponents. After excision of HO, insufficient tendinous insertions of the
rotator cuff remained to repair around the implant. Postoperatively,
the shoulder was noted to be dislocated. Given the severity of soft
tissue loss, the decision was made to treat this by implant revision.
The patient returned to the operating room the next day, where the
component sizes were increased, and a pectoralis major tendon
transfer to the remnant lesser tuberosity was performed to place an
internal rotation and compressive moment to the implant.

Over the next 4 months, the patient regained upper extremity
range of motion with therapy and was able to use his arm for ac-
tivities of daily living such as washing his contralateral side.
Approximately 6 months after his revision surgery, the patient
started experiencing instability in the shoulder. New imaging
showed gapping between the glenosphere and humeral tray (Fig. 4).
The decision was made to revise the rTSA. Intraoperatively, the
shoulder was noted to be unstable with minimal manipulation.
Heterotopic ossification (HO) was also noted on the posteroinferior
aspect of the glenoid, but it was not resected due to its proximity to
neurovascular structures. The patient already had the largest avail-
able components for the rTSA system in place; therefore, he was
converted to a HA. A metal augment was placed onto the humeral
stem and the glenoid was packed with bone graft. Intraoperative
range of motion showed a stable prosthesis, except with extremes of
extension. At the 6-month follow-up, imaging showed stable com-
ponents and the patient had painless active forward elevation of 30�

and abduction to 30� (Fig. 5).

Discussion

Heterotopic ossification (HO) develops in several stages. In the
early phase, symptoms are characterized by localized pain and
89
swelling, and radiographs may be negative. In this patient’s case,
the diagnosis of left internal jugular vein thrombosis was thought
to explain his left shoulder pain and symptoms, and therefore
additional workup was not pursued at that time. In the later stages,
as HO matures, the swelling becomes more localized, and as the
joint becomes affected limitations in range of motion become
evident. This explains the delayed presentation to clinic as the
patient experienced increasing stiffness, and the inability to use his
left upper extremity for activities of daily living. Various treatment
options were discussed with the patient including repositioning of
the glenohumeral fusion into a more functional position, resection
arthroplasty, HA, and total shoulder arthroplasty. Once electro-
diagnostic studies confirmed intact axillary nerve function, it was
decided that total shoulder arthroplasty would provide the greatest
range of motion out of these options.

Given the extensive involvement of the patient’s rotator cuff in
the HO, restoring stability during surgery was challenging. During
the initial revision, component sizes were increased, and a pec-
toralis major transfer was performed given a deficient sub-
scapularis tendon. Six months later, during the second revision, the
humeral component was noted to be dislocated anteriorly and the
glenosphere anteverted. The humeral stem was well fixed and
therefore the prosthesis was converted to a HA. Conversion from
rTSA to HA has been described in cases where there is insufficient
glenoid bone stock or stability from soft tissues. While patients
report improved pain scores, range of motion is typically un-
changed.10,19 In this patient’s case, the HA allows him limited but
painless range of motion and increased stability of his gleno-
humeral joint.

Treatment for glenohumeral HO initially consists of conserva-
tive management in the form of anti-inflammatory medications
and physical therapy. Once a patient is symptomatic and does not
respond to conservative treatment, they require excision of the
bony growth.8 In a case series of patients who developed gleno-
humeral HO after a traumatic brain injury, 90% of patients
improved their functional status after surgical HO resection.6 Polfer
et al also reported a successful result with HO excision in a patient
with glenohumeral HO after a traumatic event.17 In severe cases,
fusion procedures can be performed to provide pain relief and a
functional limb.2 This highlights that while surgical solutions may
offer some improvement in range of motion, restoring the pre-
morbid state of the glenohumeral joint is unlikely.
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Given the complications associated with HO excision, prophy-
laxis can be administered to patients who are deemed high risk.
This can be in the form of nonsteroidal anti-inflammatory medi-
cations or radiation. The specific choice of nonsteroidal anti-
inflammatory medication varies in the orthopedic literature.23

While radiation offers the advantage of a one-time treatment,
risks associated include wound complications and it is not feasible
in patients with systemic insults.

Several factors could have contributed to tissue injury in this
patient and subsequent HO formation. Extended ventilator times
can lead to inflammatory states and are associated with musculo-
skeletal challenges such as sarcopenia and osteoporosis.9,15 In
addition, this patient underwent several episodes of prone posi-
tioning, which has been shown to improve oxygenation and sur-
vival in severe acute respiratory distress syndrome.7,18 Risks of
prone positioning include peripheral nerve injuries or brachial
plexopathies13 due to traction on the upper extremity or inade-
quate padding or support of extremities, which was also considered
in this case and evaluated with EMG/NCS. In fact, this patient did
experience an ipsilateral common peroneal nerve palsy. Certainly,
his height and weight contributed to the challenges of safe venti-
lation and safety with prone positioning which were superseded by
life-saving measures.

Conclusion

Similar to this patient, reports of HO formation after COVID-19
infection are limited to case series in which patients required
prolongedmechanical ventilation and prone positioning.11,20 While
further studies are needed to define the pathophysiology of HO and
the long-term outcomes in patients with associated COVID-19
infection, this case highlights the importance of considering HO
formation in the differential diagnosis of a patient presenting with
severe musculoskeletal pain and associated stiffness after a pro-
longed illness, as well as the challenges associated with re-
establishing a functional joint once soft tissue stabilizers of the
glenohumeral joint are no longer competent.
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