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Heterotopic mesenteric ossification (HMO) refers to the ab-
normal formation of bone in tissues which usually do not un-
dergo ossification. It was first described in 1883 by Riedel, as a 
sequela after spinal cord injury [1,2]. One hundred years later in 
1983, Lemeshev et al. [3] and Hansen et al. [4] each published 
a report of heterotopic ossification of the mesentery, and Wilson 
et al. [5] coined the term “heterotopic mesenteric ossification” 
in 1999. Ever since, approximately 75 cases had been reported 
in literature worldwide [6-8]. In most of those cases, an injury, 
trauma, or surgery to the abdomen preceded the development of 
HMO [9]. The latter can occur as early as 11 days or as late as a 
month after surgery or trauma [10,11]. In 1983, Hansen et al. [4] 
reported the occurrence of HMO in a 55-year-old man 2 weeks 
after a coloproctectomy for ulcerative colitis. 

Patients usually present with signs and symptoms of small 
bowel obstruction, such as nausea, vomiting, abdominal pain, 
and abdominal distension. On imaging, small bowel thickening 
is commonly seen, and in rare cases, calcifications can be appre-

ciated on computed tomography (CT). There are various theories 
as to the pathophysiology of this disorder. First, it is postulated 
that HMO forms as a result of stimulation of pluripotent mes-
enchymal stem cells due to inflammation from an inciting event, 
causing differentiation of those stem cells into osteoblasts and os-
teocytes, aided by osteogenic differentiation factors [12]. Other 
factors such as ischemia and infection, which cause inflammation, 
have been hypothesized as well. Nevertheless, given the rarity 
and possible underreporting of HMO, no clearly defined mech-
anism has been established [13]. Overall, median age at presen-
tation is 48.28 ± 18.27 years, with a male predominance [8,14]. 

Here, we describe two cases of HMO; one is a case of a 39-year-
old man who presented with a chief complaint of abdominal pain 
of 2-day duration. A CT scan of the abdomen and pelvis revealed 
segmental concentric thickening of a small bowel loop and an 
apple core lesion resulting in obstruction. Laparoscopic small 
bowel resection was performed. Histopathologic examination 
showed an area of mucosal erosion with acute and chronic inflam-
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mation in the surrounding peri-intestinal soft and adipose tissue, 
granulation tissue, fat necrosis, and new bone formation within 
the mesentery. The second case is that of a 36-year-old woman 
who underwent gastric sleeve resection and presented two 
months later complaining of weakness and emesis. An esophago-
gram demonstrated kinking at the level of distal esophagus at the 
gastroesophageal junction. Despite multiple attempts with endo-
scopic interventions and an esophageal stent, the esophageal 
stricture persisted. Exploratory laparoscopy and an esophagoje-
junostomy was performed with resection of the esophageal 
stricture and gastroesophageal junction. Histopathologic exam-
ination showed suture granulomas and foreign body giant cell re-
action as well as new bone formation within the perigastric tis-
sue. The diagnosis of HMO was made in both cases. 

CASE REPORT

Case 1

A 39-year-old man, non-smoker, presented with epigastric ab-
dominal pain of 2-day duration. The pain was sharp in quality, 
and intermittent in frequency. There were no aggravating or re-
lieving factors. The patient reported one episode of diarrhea but 
denied fever, chills, nausea, or vomiting. One month prior to his 
presentation, the patient does admit to having a car accident with-
out any obvious injuries. 

The patient had a history of anxiety and panic attacks (on cita-
lopram 20 mg and clonazepam 0.5 mg). There is no significant 
surgical or family histories and no known allergies. Vital signs 
on admission were as follows: blood pressure 101/54 mm Hg, 
pulse 57 beats per minute, respiratory rate 14 per minute, tem-
perature 36°C, and SpO2 97%. Body mass index (BMI) was 
28.06 kg/m2. Physical examination revealed a soft abdomen 
that was tender to deep palpation in the pre-umbilical area with 
hyperactive bowel sounds. 

Laboratory studies showed leukocytosis with a white blood 
cell count of 13.47 × 103/μL (reference range, 4.8 × 103/μL to 
10.8 × 103/μL) and neutrophilia with left shift (80.7% segmented 
neutrophils (reference range, 42% to 75%). The absolute neu-
trophil count was 10.87 × 103/μL (reference range, 1.8 × 103/μL 
to 7.2 × 103/μL), and lymphocytes were decreased at 12.3% (ref-
erence range, 16.0% to 45.0%). Red cell indices and electrolytes 
were within normal limits. Urine toxicology screen was negative. 
Other relevant laboratory results of patient 1 are summarized in 
Table 1. 

A CT scan with intravenous contrast of the abdomen and pel-
vis was performed, showing segmental concentric thickening of 

the jejunum in the right upper quadrant of the abdomen (with 
apple core configuration) resulting in small bowel obstruction. 
Additionally, there was stranding of the surrounding mesentery 
(Fig. 1). Radiologic findings raised suspicion of adenocarcinoma, 
and other etiologies such as vascular, inflammatory, or infectious 
process within the differential diagnosis. Laparoscopic small bowel 
resection was performed. 

A resected segment of the small bowel was sent to pathology. It 
measured 12.5 cm in length and approximately 3.5 cm in average 
diameter. An area of narrowing was identified at 6.5 cm from 
one end. Opening the specimen revealed an area of constriction 
corresponding to the area of narrowing identified on the external 
surface. Sectioning through this area revealed a thickened bowel 
wall and an area of induration in the mesenteric fat with chalky 
white cut surface (Fig. 2). Microscopic examination showed focal 

Fig. 1. Computerized tomography scan of the abdomen and pelvis 
with intravenous contrast. Results showed segmental concentric 
thickening of the jejunum in the right upper quadrant of the abdomen 
(with apple core configuration, white arrowhead) resulting in small 
bowel obstruction and stranding of the surrounding mesentery.

 Table 1. Relevant laboratory results of patient 1 on admission

Patient laboratory 
value

Reference 
range

White blood cell count (× 103/μL) 13.47 4.8–10.8 
Segmented neutrophils (%) 80.7 42–75
Absolute neutrophil count (× 103/μL) 10.87 1.8–7.2 
Lymphocytes (%) 12.3 16.0–45.0 
Red blood cell count (× 106/μL) 5.08 3.93–5.22 
Hemoglobin (g/dL) 15.0 12.0–16.0 
Hematocrit (%) 45.7 37.0–47.0 
Serum creatinine (mg/dL) 1.06 0.55–1.02 
Blood urea nitrogen (mg/dL) 20.0 7–18 
Alkaline phosphatase level (U/L) 141 46–116 
Lactate level (mmol/L) 0.4 0.4–2.0 
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mucosal erosion with acute and chronic inflammation in the sur-
rounding peri-intestinal soft and adipose tissue, granulation tissue, 
fat necrosis, fibrosis, hemosiderin deposition, focal foreign body 
giant cell reaction, and new bone formation (Fig. 3). A diagno-
sis of HMO was made. On follow up, the patient reported feel-
ing much better, having normal bowel movements, and no pain.

Case 2

A 36-year-old woman, non-smoker, presented with weakness 
and vomiting two months after undergoing robotic gastric sleeve 
resection with hiatal hernia repair due to morbid obesity, hiatal 
hernia, and symptomatic gastroesophageal reflux disease. The pa-
tient had multiple radiographic studies showing a stricture at the 
distal esophagus causing a kinking of the gastroesophageal junc-
tion. She had an esophageal stent placed across this stricture in 
an effort to correct the stricture/kinking. A repeat esophagogas-
troduodenoscopy was performed showing that the previously 
placed esophageal stent had migrated distally into the stomach 
with inability to reach the stent for repositioning. A deformed 
esophagogastric junction was also noted causing stenosis and 
deformity of the lumen, not allowing for any instrument ad-
vancement into the stomach body. An exploratory laparoscopy 
was performed showing an esophageal stricture due to significant 
abdominal scar tissue, migrated esophageal stent placed to straight-
en out the esophagus and significant intra-abdominal scar tissue 
(Fig. 4). Consequently, she required a resection of the stricutred 
distal esophagus, gastroesophageal junction and stomach and her 
alimentary tract was reconstructed with Roux-en-Y esophagoje-
junostomy.

The patient had a surgical history of a breast reduction and ce-

sarean section aside from her most recent sleeve gastrectomy pro-
cedure. She had no significant family history and no known aller-
gies. Vital signs on admission were as follows: blood pressure 
145/100 mm Hg, pulse 92 beats per minute, respiratory rate 
18 per minute, temperature 36.3°C, and SpO2 98%. BMI was 
45.59 kg/m2 (height 157.5 cm and weight 113.8 kg). Physical 
examination revealed a soft abdomen that is tender to deep palpa-
tion in the gastric region. Relevant laboratory results of patient 2 
are summarized in Table 2. Red cell indices and electrolyte levels 
were within normal limits.

A resected segment of the distal esophagus, gastroesophageal 
junction, stomach, and segments of small bowel were sent to pa-
thology. The specimens were opened to reveal a tan-pink focally 
disrupted mucosae with rugae and areas with thickened wall mea-
suring up to 1 cm in maximum thickness. Microscopic examina-
tion showed gastric and small intestinal mucosae with suture 
granulomas, foreign body giant cell reaction, and new bone for-
mation (Fig. 5). The diagnosis of HMO was made. On follow 
up, the patient reported feeling better, and tolerating oral intake 
without any further issues.

DISCUSSION

HMO is a rare pathologic entity with approximately 75 cases 
reported to date [7,8]. In a comprehensive review by Althaqafi 
al. [7], HMO was found to occur during mid-to-late adulthood, 
with a predilection in the male gender (90.4%, 66/73 patients). 
The common complaint amongst those with HMO tends to be 
bowel obstruction (41.1%) or the presence of an enterocutaneous 
fistula (6.8%) [7]. The diagnosis of HMO can be challenging; 

Fig. 2. Gross examination of the resected segment of small intestine. (A) An area of luminal constriction is seen. (B) Induration in the sur-
rounding mesenteric fat showing chalky white cut surface.
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Fig. 3. Microscopic examination showing heterotopic ossification. Histopathologic examination of the resected segment of small intestine 
demonstrated focal mucosal erosion (A) with acute and chronic inflammation in the surrounding peri-intestinal soft and adipose tissue, gran-
ulation tissue, fat necrosis (B), fibrosis, hemosiderin deposition, focal foreign body giant cell reaction (C), and new bone formation (D). 

rarely, HMO can be diagnosed based on an incidental CT scan 
finding showing dense calcified shadows which aid in its preop-
erative identification. However, the differential diagnosis in such 
cases includes dystrophic calcification, bone neoplasms, leakage 
of contrast, foreign material, or extra-skeletal osteosarcoma [7]. 
Ossification occurs in the mesentery and omentum in the majority 
of the diagnosed cases (89%) [7]. 

The pathophysiology of HMO has not been well defined yet, 
but there are several mechanisms that have been postulated. 
The process of ectopic ossification is classified into two categories 
based on the histologic features: dystrophic and heterotopic [13]. 
The reasons as to the involvement versus the lack of involvement 
of these cells remains to be investigated. Leblanc et al. [15] 

found a relationship between bone morphogenic proteins (BMPs) 
and peripheral cellular stress pathways. Specifically, BMP-9 pos-
sessed a strong osteoinductive capacity only in damaged muscle, 
whereas BMP-2 promoted ossification in skeletal muscle regard-
less of its state [15]. BMPs are cytokines belonging to the trans-
forming growth factor-β family [16]; they are released from in-
flammatory cells when there is stress at the site of the cellular 
damage. This, in turn, through a series of proliferative mecha-
nisms, results in the formation of supplementary cartilage and 
bone [15]. 

It is postulated that HMO forms due to the stimulation of 
pluripotent mesenchymal stem cells in response to inflammation 
from an inciting event, causing differentiation of those stem cells 

A

C

B

D
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into osteoblasts and osteocytes, aided by osteogenic differentia-
tion factors. In one theory, it is hypothesized that ‘seeding’ of the 
mesentery/omentum with activated osteoprogenitor cells during 
surgery can induce formation of heterotopic bone [17]. Another 
theory put forward is that immature pluripotent mesenchymal 
cells, localized within the mesentery and omentum, differentiate 
into osteoblasts or chondroblasts and induce bone formation, a 
process called osteogenic induction [13]. Differentiation of those 
cells takes place as a result of certain mechanical stimuli from 
previous surgery or trauma, or due to a combination of multiple 
stimuli. We hypothesize that there is inflammation from an incit-
ing event (trauma/surgery) that stimulates the pluripotent mesen-
chymal stem cells causing their differentiation into osteoblasts 

and osteocytes, aided by osteogenic differentiation factors pres-
ent within the mesentery (Fig. 6). Interestingly, in one study by 
Kan et al. [18], substance P, a neuropeptide responsible for the 
sensation of pain, was found to be dramatically increased in ear-
ly lesioned tissues in patients who have either fibrodysplasia os-
sificans progressiva or acquired heterotopic ossification, and in 
three independent mouse models of heterotopic ossification. Fur-
thermore, levels of alkaline phosphatase and calcium were found 
to be elevated in several cases of HMO post-surgical intervention; 
these markers were indicative of its recurrence [7]. This signifies 
a potent neuro-inflammatory induction and amplification circuit 
for BMP-dependent heterotopic ossification lesion formation, 
identifying novel molecular targets for prevention of this condition 
and its recurrence [18]. 

Considering all of this, physicians should not overlook this 
rare but significant condition and use of immunomodulators as 
well as thorough laboratory analysis and follow up in patients 
with HMO. Continuous monitoring and controlling of the in-
flammatory cytokines for an extended post-operative, rather than 
a shorter time frame, may theoretically prevent or delay the HMO 

Table 2. Relevant laboratory results of patient 2 on admission

Patient laboratory 
value

Reference 
range

White blood cell count (× 103/μL) 8.47 4.8–10.8 
Red blood cell count (× 106/μL) 4.43 3.93–5.22 
Hemoglobin (g/dL) 14.7 12.0–16.0 
Hematocrit (%) 45.6 37.0–47.0 
Serum creatinine (mg/dL) 1.21 0.55–1.02 
Blood urea nitrogen (mg/dL) 18.0 7–18 

Fig. 5. Microscopic examination showing heterotopic ossification. Histopathologic examination of the resected segments of stomach and 
small intestine demonstrated chronic inflammation, suture granulomas, foreign body giant cell reaction (A), and new bone formation (B). 

A B

Fig. 4. Exploratory laparoscopy showing significant abdominal 
scar tissue and previous sleeve gastrectomy.
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formation. Although there are no recommendations at this time 
other than surgical intervention for treatment of HMO, further 
research elucidating the involvement of cytokines and potential 
immunomodulators must be completed given that there are 
promising future outcomes with these interventions. Also, the-
oretically, treatment should be conservative whenever possible 
to prevent further ossification from surgical intervention.
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Fig. 6. Schematic diagram illustrating the proposed hypotheses for the formation of heterotopic mesenteric ossification. ECM, extracellular 
matrix; ALP, alkaline phosphatase; BMP, bone morphogenetic protein; TGF-β, transforming growth factor-β; PTH, parathyroid hormone; 
IGH-1, insulin-like growth factor 1; FGF, fibroblast growth factor.
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