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a b s t r a c t 

Heterotopic ossification is often associated with trauma and surgery, and infrequently re- 

ported with immobilization due to critical illness. We present 2 patients who developed 

heterotopic ossification following severe COVID-19 infection. Both patients were middle- 

aged females who were hospitalized for one month or greater due to COVID-19 requiring 

mechanical ventilation. Both developed shoulder pain and/or stiffness a few months after 

discharge, with imaging studies clearly illustrating development of heterotopic ossification 

around the shoulders. The etiology is unclear, with immobilization and hypoxia being the 

primary considerations. Physical examination and radiography are essential to diagnosis. 

Awareness of this complication and early diagnosis may help minimize functional impair- 

ment. 

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

Background 

Heterotopic ossification (HO) is the deposition of mature or
immature bone within soft tissue, often in a periarticular loca-
tion [1] . It has been associated with musculoskeletal trauma,
surgery, burns, neurologic injury, immobilization, and congen-
ital and metabolic disorders. It has rarely been described as a
complication of critical illness. Recently, a case series was pub-
lished demonstrating HO around the shoulder and hips in four
patients with history of COVID-19 requiring mechanical venti-
Abbreviations: HO, heterotopic ossification; RT-PCR, reverse transcrip
ARDS, acute respiratory distress syndrome; GFR, glomerular filtration r

✩ Formal consents are not required for the use of entirely anonymi
example, xrays, ultrasound images, pathology slides or laparoscopic im
and are not accompanied by text that might identify the individual con

∗ Corresponding author. 
E-mail address: emad.allam@lumc.edu (E. Allam). 

https://doi.org/10.1016/j.radcr.2020.12.002 
1930-0433/© 2020 The Authors. Published by Elsevier Inc. on behalf of U
CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4
lation [2] . We present 2 patients with HO around the shoulders
after prolonged hospitalization for COVID-19. 

Case presentations 

Patient 1 
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Fig 1 – Patient 1 : Chest radiograph obtained 42 days after admission date demonstrates no evidence of HO around the 
shoulders. Tracheostomy tube, left subclavian approach central venous catheter, and bilateral pulmonary opacities 
compatible with infection/ARDS are noted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

breath and cough. She was diagnosed with COVID-19 by
molecular RT-PCR test from nasal swab. Due to increased
work of breathing and worsening hypoxia, she was intubated
with high FiO 2 requirements and prolonged ICU stay. Treat-
ment included a single dose of tocilizumab (an IL-6 recep-
tor inhibitor), single administration of COVID-19 convalescent
plasma, 5-day course of methylprednisolone, and statins (for
anti-inflammatory effect). Supportive care included prone po-
sitioning. Hospital course was complicated by septic shock,
catheter-associated Enterobacter bacteremia and Klebsiella
urinary tract infection, requiring administration of antibi-
otics and vasopressors (norepinephrine). She was intermit-
tently febrile with temperature measured as high as 103.9 °F.
Due to prolonged intubation and requirement for tube feed-
ing, tracheostomy, and percutaneous gastrostomy tube were
placed. 

There was mild transient elevation of serum alkaline phos-
phatase for 2 days, with a maximum value of 148 U/L, with
other liver enzymes (AST and ALT) being elevated after the
alkaline phosphatase peak. Serum creatine kinase was ele-
vated up to 968 U/L around the same time. Serum calcium was
decreased throughout the stay, with a minimum value of 7.3
mg/dL observed at the same time as the alkaline phosphatase
peak. Serum phosphorus level and renal function remained
within normal limits. 

The patient was hospitalized for 47 days. She was dis-
charged to a long term acute care facility. Tracheostomy and
gastrostomy tubes were removed 1 month after discharge
from the hospital, although she continued to require supple-
mental oxygen at 2 L/min via nasal cannula even 4 months
after discharge. She underwent physical therapy and reported
bilateral shoulder pain and stiffness following discharge. A
chest radiograph obtained 4 months after discharge inciden-
 

tally demonstrated HO around both shoulders, which was
subsequently confirmed with bilateral shoulder radiographs
and CTs ( Figs. 1-5 ). She was referred to an orthopedic surgeon
with plan for surgical excision of the HO. The patient did not
report symptoms of pain or stiffness in any other joints. 

Patient 2 

A 43-year-old female with past medical history of hyperten-
sion presented with shortness of breath, cough, and chest
pain. She was diagnosed with COVID-19 by rapid antigen test
from nasal swab. On admission, she required oxygen at 15
L/min with progression of symptoms requiring intubation and
high FiO 2 ventilation. Clinical and radiographic findings were
consistent with infection/ARDS. Treatment included a sin-
gle dose of tocilizumab, 4-day course of prednisone, 5-day
course of ceftriaxone/doxycycline, and diuresis. Additional
antibiotics were administered for presumed ventilator associ-
ated pneumonia. Supportive care included prone positioning.
She suffered from septic shock requiring vasopressor support
(norepinephrine). Fevers were recorded as high as 104.5 °F. 

Serum alkaline phosphatase remained within normal lim-
its. Serum creatine kinase was markedly elevated up to 2199
U/L. Serum calcium was decreased throughout her hospital
course with a minimum value of 7.7 mg/dL. Fluctuations in
serum phosphorus level were seen, including values above
and below the reference range. Renal function was decreased,
with GFR down to 52. 

The patient underwent tracheostomy 1 month after ad-
mission, and was subsequently discharged to a long term
acute care facility 33 days after admission. About 5 months
after discharge, the patient presented to the orthopedic clinic
with right shoulder pain. Radiographs of the right shoulder
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Fig 2 – Patient 1 : Chest radiograph obtained 5.5 months post admission date. Interval development of HO around the 
bilateral glenohumeral joints. Interval removal of tracheostomy tube and central line, and clearing of previously seen 

bilateral pulmonary opacities. 

Fig 3 – Patient 1 : AP radiographs of the (A) right and (B) left shoulders demonstrating mature HO around both glenohumeral 
joints, particularly inferiorly, with bridging or near-bridging. These radiographs were obtained 6 months post admission 

date. 

 

 

 

 

 

 

 

 

revealed development of HO around the right glenohumeral
joint without bony bridging, new since the time of hospital-
ization ( Figs. 6 and 7 ). She was treated with a corticosteroid
injection of the right glenohumeral joint and is currently un-
dergoing physical therapy. The patient did not report signifi-
cant pain or stiffness in any other joints. 
Discussion 

The pathophysiology of HO is multifactorial. HO is often in-
cited by tissue injury, followed by an influx of inflammatory
cells and subsequent downstream signaling events that inap-
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Fig 4 – Patient 1 : Axial CT images of the (A) right and (B) left shoulders demonstrating near-bridging mature HO across the 
posterior aspects of the bilateral glenohumeral joints, with minimal HO anteriorly. The CTs were obtained 6.5 months post 
admission date. 

Fig 5 – Patient 1 : Three-dimensional shaded surface displays of the CT of the (A) right and (B) left shoulders from a posterior 
perspective demonstrating near-bridging HO across the posterior and inferior aspects of the bilateral glenohumeral joints 
(arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

propriately activate an osteogenic or osteochondrogenic path-
way [1] . The pathways can be triggered by a variety of stim-
uli [3] . Established risk factors for HO include trauma, spinal
cord injury, brain injury, arthroplasty, tissue hypoxia, immo-
bilization with limitation of joint movement, hypermetabolic
status, fever lasting more than 5 days, bone demineraliza-
tion from prolonged bed rest, male sex, and age over 60 years
[4] . Regional neurogenic, circulatory, metabolic, and biochem-
ical changes have been implicated, as have genetic factors.
Within the subset of metabolic disorders, alterations in cal-
cium homeostasis may play a role in the development of HO.
Similarly, the depletion or repletion of calcium during critical
illness or bed rest may precipitate HO [5] . 

The common symptoms in HO are pain, swelling, warmth,
and stiffness, which typically manifest 8-10 weeks after the
initial insult. The most frequent physical exam finding is de-
creased range of motion in the affected joints. An acute rise
in serum alkaline phosphatase and a transient depression in
serum calcium may occur within the first 2 weeks [6] . Ele-
vated alkaline phosphatase presumably reflects increased os-
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Fig 6 – Patient 2 : Chest radiograph obtained 29 days after admission date demonstrates no evidence of HO around the 
shoulders, particularly the right shoulder. Endotracheal tube, enteric tube, left internal jugular approach central venous 
catheter, and bilateral pulmonary opacities compatible with infection/ARDS are noted. 

Fig 7 – Patient 2 : (A) AP radiograph of the right shoulder demonstrating non-bridging HO around the inferior aspect of the 
glenohumeral joint (arrows). (B) Axillary view of the right shoulder demonstrating mild non-bridging HO around the 
posterior aspect of the glenohumeral joint (arrow). These radiographs were obtained 6 months post admission date. 
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teoblastic activity in the region of HO and has been associ-
ated with clinically significant HO [4] . However, alkaline phos-
phatase elevation can be seen with other entities resulting in
increased bone turnover, such as skeletal trauma and bone
metastases. Elevated creatine kinase may serve as marker for
aggressive HO with extensive muscle involvement [7] . 

The development of HO after critical illness, prolonged
paralysis, or immobilization must be recognized at an early
stage to prevent functional loss. Alkaline phosphatase may
serve as a useful screening tool, in addition to physical exam-
ination of proximal joints to assess range of motion [4] . Radio-
graphs and CT are the primary imaging modalities for diagno-
sis of HO. Bone scan, ultrasonography, and MRI are sensitive
for detection of early HO, although nonspecific. Bone scans
may also be used to demonstrate quiescence of the HO prior
to surgical excision [8] . 

Prophylaxis or treatment of HO can be done with radio-
therapy, NSAIDs (particularly indomethacin) and bisphos-
phonates. After a long period of immobility, avoidance of
aggressive mobilization has been suggested, as such local
microtrauma may shear the soft tissues and provoke the
pathogenesis of HO [9] . While most advise against passive
exercises, which may exacerbate inflammation and poten-
tiate HO, others recommend a physical therapy protocol to
improve range of motion and limit contractures [1] . Therefore,
clinical management in maturing HO differs. 

In October 2020, Meyer et al described 4 cases of periartic-
ular HO, 3 around the hip and 1 around the shoulder, in pa-
tients with recent history of COVID-19 with mechanical venti-
lation and prone positioning [2] . The 2 cases from our institu-
tion confirm that HO may be seen following COVID-19 critical
illness. In our 2 cases, we suspect that chronic immobiliza-
tion and hypoxia were involved in triggering HO. COVID-19 re-
lated restrictions may have limited mobilization of these pa-
tients by staff during hospitalization, resulting in greater im-
mobility than occurs with other critical illnesses. It is possible
that COVID-19 infection itself or novel treatment contributed
to the pattern of HO, as global inflammation and the neuro-
invasive potential of COVID-19 may incite HO [2] . The cytokine
storm associated with COVID-19 includes upregulation of fac-
tors that have been previously associated with the formation
of HO. Specifically, the coronavirus spike protein results in ac-
tivation of the IL-6/TNF- α axis, causing elevated concentra-
tions of these cytokines in critical COVID-19 patients; simi-
lar cytokines have been observed in the pathogenesis of HO
[1 ,10] . Immunosuppressive drugs targeting these pathways
in COVID-19 may therefore also theoretically inhibit HO, al-
though further investigation is necessary. 
Conclusion 

Patients who have recovered from COVID-19 should be fol-
lowed for symptoms of joint stiffness or pain. Such symptoms
warrant imaging to evaluate for HO, with radiographs being
the mainstay of diagnosis. Radiologists are advised to pay par-
ticular attention to the partially imaged shoulders on follow-
up chest radiographs that may be obtained. It is unclear if HO
can be prevented by prophylactic use of NSAIDS or bisphos-
phonates during hospitalization for COVID-19. Avoidance of
aggressive physical therapy after prolonged immobilization
has been suggested [1] . Steroid injections may help reduce
pain. Further research is required to elucidate any specific
relation between COVID-19 and the development of HO. 
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