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Abstract 

Background Inflammatory bowel disease is an inflammatory disorder that primarily impacts the gastrointestinal 
tract, leading to malnutrition and chronic microscopic intestinal blood loss. Uncontrolled systemic inflammation can 
impact other parts of the body, known as extraintestinal manifestations. Up to 25% of patients with inflammatory 
bowel disease are reported to have these complications in their skin, joints, bones, eyes, liver, lung, and pancreas 
(Rogler et al. in Gastroenterology 161(4):1118–1132, 2021). Neurologic involvement as extraintestinal manifestations 
are less common, reported at 3–19%, including neuropathies, demyelination, and cerebrovascular events (Morís in 
World J Gastroenterol. 20(5):1228–1237, 2014).

Case presentation A 13-year-old Caucasian boy presented with 1 month of progressive lower-extremity pain, weak-
ness, and weight loss. His physical examination was notable for cachexia, lower-extremity weakness, and chorea. Labs 
revealed normocytic anemia and systemic inflammation. Imaging revealed symmetric abnormal marrow signal in the 
pelvis and upper femurs. Pathologic examination of the bone revealed chronic inflammation consistent with chronic 
nonbacterial osteitis. Endoscopy revealed colonic inflammation consistent with inflammatory bowel disease.

Conclusions Children and adolescents with musculoskeletal pain lasting more than 2 weeks with systemic signs or 
symptoms like weight loss should prompt evaluation for systemic inflammatory disorders such as chronic nonbacte-
rial osteitis, which can occur in isolation or associated with inflammatory bowel disease. This patient also had a non-
specific neurologic abnormality, chorea, which resolved with treatment of underlying inflammatory disorder. These 
extraintestinal manifestations may be concurrent with or precede intestinal inflammation, requiring a high index of 
suspicion when investigating nonspecific systemic inflammation.
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Background
Acute weight loss in children has a broad differential 
diagnosis, depending on whether there is adequate or 
inadequate caloric intake. Ongoing weight loss despite 
adequate caloric intake can be caused by malabsorp-
tion, increased caloric demand, or abnormalities in the 
metabolic pathways that convert food to usable energy. 
One cause of malabsorptive weight loss, inflammatory 
bowel disease (IBD), classically presents with weight loss, 
abdominal pain, and bloody diarrhea. However, this dis-
ease can also present atypically without intestinal com-
plaints and only nonspecific symptoms such as weight 
loss and anemia. Up to 25% of patients who will later 
be diagnosed with IBD can present with extraintestinal 
manifestations (EIM): inflammatory disorders of various 
other organ systems, including the skin, musculoskeletal 
system, lung, liver, and pancreas. Even more rarely, neu-
rologic disorders such as neuropathies, demyelinating 
disorders, and cerebrovascular events have been reported 
as EIM associated with IBD [1–5]. Because EIM can pre-
cede the diagnosis of IBD by months to years, these con-
ditions are diagnostically challenging and require a high 
index of suspicion.

Case presentation
A 13-year-old Caucasian boy with well-controlled 
attention-deficit/hyperactivity disorder presented with 
1  month of progressive bilateral lower-extremity pain 
and weakness. He had difficulty standing from a sitting or 
crouching position due to bilateral buttock and leg pain. 
He described his pain as sharp, radiating through the but-
tocks in a sciatic pattern. He denied abdominal pain, con-
stipation, diarrhea, or hematochezia. He had no bowel or 
bladder incontinence or retention and denied numbness 
or paresthesias. Associated symptoms included fatigue 
and an 8-pound weight loss (3.6 kg, then at the 4th per-
centile, Z = −1.74) without fever or a change in appetite.

On examination, he was afebrile with normal vital 
signs. He appeared cachectic with reduced muscle bulk. 
He had no rash, palpable lymph nodes, joint swelling, or 
oral ulcerations; he had no murmur on cardiac examina-
tion. Bilateral hip and knee strength was reduced (4/5, 
both flexion and extension), though distal lower extrem-
ity strength was preserved. Pain was exacerbated with 
both passive and active movement of his hips. When 
walking, his gait was waddling, antalgic, and wide-based. 
He had preserved reflexes and sensation to light touch 
and proprioception throughout.

Initial testing was notable for an elevated C-reactive 
protein (CRP, 4.0 mg/dL; normal 0–1 mg/dL), markedly 
elevated erythrocyte sedimentation rate (ESR, 78  mm/
hour; normal, 0–15  mm/hour), normocytic anemia 
(hemoglobin 11.6  g/dL; normal, 12.4–16.3  g/dL), and 

hypoalbuminemia (3.1  g/dL; normal, 3.6–5.1  g/dL). He 
had normal platelets, electrolytes, liver enzymes, and cre-
atine kinase levels. Magnetic resonance imaging (MRI) of 
the brain and full spine, electroencephalogram, lumbar 
puncture (basic indices as well as oligoclonal bands), and 
electromyogram with nerve conduction study were unre-
markable. An abdominal ultrasound was negative for any 
solid mass, infiltrative tumor, or abscesses. Screening for 
vitamin deficiencies was negative. His pain and mobility 
slowly improved with physical and occupational therapy 
over 4  days, so he was discharged home with close fol-
low-up of his weight and nutritional status.

Four  weeks later, he returned with acutely worsening 
symptoms of bilateral lower-extremity pain and weak-
ness, and his weight had not changed. He continued to 
show evidence of systemic inflammation with elevated 
CRP (peak 4.99  mg/dL; normal, 0–1  mg/dL), elevated 
ESR (peak 92  mm/hour; normal, 0–15  mm/hour), and 
normocytic anemia (9.9  g/dL; normal, 12.4–16.3  g/dL). 
On physical examination, he was noted to be ill-appear-
ing, with cachexia, bilateral lower-extremity proximal 
weakness to resistance, and a positive Gower sign, as well 
as low-amplitude chorea evident in the face, the tongue, 
and the upper extremities more than lower extremities 
(Additional file  1: Video S1). The focality of his buttock 
pain (bilateral, 3–4  cm lateral to the lumbosacral junc-
tion) suggested the need for MRI of the pelvis, which 
demonstrated symmetric, bilateral abnormal marrow 
signal in the medial iliac bones and greater trochanters 
(Fig. 1).

This marrow infiltrative process prompted whole-body 
MRI to evaluate for oncologic, infectious, metabolic/
toxic, and rheumatologic etiologies. No mass lesions were 
identified; however, there were multiple foci of abnormal 
marrow signal in the bilateral distal fibular metaphyses 
and epiphyses and left tibial epiphysis (Fig. 1), and a sub-
tle abnormality in the proximal left radius. Whole-body 
positron emission tomography–computed tomography 
(PET–CT) revealed normal metabolic activity in these 
areas of abnormal MRI signal. Bone marrow aspirate and 
biopsy showed evidence of histiocytic chronic inflam-
matory changes (Fig.  2), though stains were negative 
for malignancy, including Langerhans cell histiocytosis 
(LCH) and hemophagocytic lymphohistiocytosis (HLH).

Infectious evaluation included bacterial [cat scratch 
disease (Bartonella  henselae) and brucellosis (Bru-
cella  spp)], mycobacterial (tuberculosis and nontu-
berculous mycobacteria), fungal (coccidiomycosis, 
histoplasmosis, and aspergillosis), viral (Epstein–Barr 
virus, cytomegalovirus, and human immunodeficiency 
virus), tick-borne (Lyme disease), and parasitic (toxo-
plasmosis and Trichinella) etiologies. Specimens sent 
for culture and other infectious evaluations, including 
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blood, urine, cerebrospinal fluid, bone marrow biopsy, 
and bone biopsy from the right femoral lesion were all 
negative.

The presence of chorea triggered evaluation for toxic 
and metabolic etiologies, as well as various systemic 
autoimmune diseases, such as acute rheumatic fever 
(ARF) and systemic lupus erythematosus. Electro-
cardiogram (ECG) showed a normal PR interval, and 
echocardiogram was negative for valvular disease that 
would suggest ARF. Comprehensive urine drug profile 
and serum heavy metals screen were negative. Evalua-
tion for Wilson’s disease was negative (normal cerulo-
plasmin level). Review of his prior brain MRI confirmed 
the absence of atrophy or focal lesions associated with 
chorea.

A 3-day calorie count showed intake of 150% of 
his caloric needs with concurrent weight loss. He 

underwent endocrine evaluation for increased cata-
bolic states (for example, hyperthyroidism or Addison 
disease), but thyroid function and cortisol levels were 
normal.

He had a normal stooling pattern without hematoche-
zia, making typical gastrointestinal infectious processes 
less likely, confirmed by negative stool culture and ova/
parasite studies. He had further assessment for malab-
sorption as a reason for caloric losses, including qualita-
tive fecal fat and stool reducing substances that returned 
normal. Although no gross features of his stool sug-
gested intestinal inflammation or overt bleeding, given 
his persistent weight loss, systemic inflammation, and 
anemia, he was screened for IBD with fecal calprotectin. 
This returned markedly abnormal at > 1250  mg/g (nor-
mal, < 50 mg/g), which prompted further direct visualiza-
tion with endoscopy. This revealed diffuse inflammation 

Fig. 1 Magnetic resonance imaging of the hips and ankles. Short-tau inversion-recovery (STIR) sequence of the hips and ankles demonstrated 
widespread osseous inflammation, as indicated by white arrowheads. Bilateral inflammation of the femur (A) was evident along the greater 
trochanter apophyseal plates. In the left tibia (B) and fibula (C), inflammation likewise paralleled the physes. Inflammation was more widespread (D), 
involving the majority of the metaphysis and epiphysis. Joint effusions with trace volume were evident at each of these sites

Fig. 2 Bone marrow histology. Biopsy of the left and right iliac crest bone marrow revealed histiocytic chronic inflammatory changes, 
including stromal edema and fibrosis, increased histiocytes (long arrows), polytypic plasma cells (arrowheads), and diminished hematopoiesis. 
Image from hematoxylin- and eosin-stained tissue (A, 100×; B, 200×; C, 400×)
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in the stomach, duodenum, and ileum, and throughout 
the colon (Fig. 3).

Histologic examination of endoscopic biopsies (Fig. 4) 
revealed chronic inflammation in the stomach and acute 
inflammation in both the small and large intestines. 
Microscopic ulceration and cryptitis were seen through-
out the intestines, and within the small intestines there 
was villitis associated with villous blunting; in sum, these 
features were consistent with IBD. Given his small bowel 
involvement, Crohn disease was favored over ulcerative 
colitis. He had been treated with scheduled nonsteroidal 
anti-inflammatory drugs (NSAIDs) for 5  days immedi-
ately prior to this endoscopy. Given that his weight loss 
predated this exposure, his NSAID exposure was brief, 
and his inflammation included both chronic features 
and was longitudinally extensive, NSAID enteropathy 
was judged to be a less likely cause. Similarly, his mark-
edly elevated calprotectin level predated this NSAID 
exposure.

On synthesis of all relevant findings, including chronic 
bone marrow inflammation, systemic sequelae of inflam-
mation (weight loss, fatigue, and chorea) in the absence 
of findings supporting a neoplastic, infectious, or toxic 
etiology, he was diagnosed with chronic nonbacte-
rial osteitis (CNO) and inflammatory bowel disease. 
First-line treatment for CNO is scheduled NSAIDs, but 
NSAIDs are contraindicated with active colonic inflam-
mation. Thus, his therapy was escalated to adalimumab, a 
monoclonal antibody against tumor necrosis factor-alpha 
(TNF-α), in an attempt to address both of his inflamma-
tory conditions. After 6 months of twice-monthly adali-
mumab therapy, his pain and weakness had completely 
resolved, his weight resumed his prior growth trajectory 
at the 30th percentile, and his chorea had resolved. His 
labs and imaging also normalized, including prior bone 
marrow changes on whole-body MRI. Eighteen  months 
following presentation, he remained in good health with 
no alternate diagnoses suggested.

Fig. 3 Gross intestinal pathology. Gross endoscopic image of the descending colon (A) and transverse colon (B) with evidence of diffuse erythema 
(black arrows), decreased vascular markings, and scattered erosions (black arrowheads)

Fig. 4 Intestinal histology. Duodenal biopsies (A) showed mild active inflammation and villous blunting (100×); inset is the villous tip with 
intraepithelial neutrophils (black arrows, 400×). Sigmoid colon biopsies (B) showed cryptitis with intraepithelial neutrophils (black arrows, 200×). 
Focal Paneth cell metaplasia (arrowheads) is identified in the descending colon (C, 100×), suggesting chronic inflammation. All images are from 
hematoxylin- and eosin-stained slides
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Discussion and conclusions
CNO is a rare autoinflammatory disorder affecting bone 
and other tissues that primarily affects children and ado-
lescents. The classic presentation includes bony pain 
without significant systemic inflammation. CNO has 
features overlapping with other inflammatory and non-
inflammatory disorders, leading to a 15-month delay 
in diagnosis, on average [6]. Though it is noninfectious, 
CNO is speculated to be triggered by an infection that 
may induce immune dysregulation and impairment of 
pro-inflammatory downregulation, with subsequently 
increased presence of interleukin-1-beta (IL-1β) and 
TNF-α [7]. The differential diagnosis includes malignancy 
(leukemia, lymphoma, various types of histiocytosis or 
metastatic cancer) and infectious osteomyelitis (bacte-
rial or fungal). The classic location of bony involvement is 
the clavicle, with general predilection for tubular bones, 
though any bone can be involved. Areas of involvement 
tend to be symmetrical and multifocal, most commonly 
within the metaphysis directly adjacent to the physis, as 
seen in this patient. There is a notable lack of surround-
ing inflammation, including soft tissue edema. [8]

There are various proposed diagnostic criteria for 
CNO, but none yet validated in children. The Bristol cri-
teria (Table  1) may be the most commonly cited in the 
literature [6]. This patient met criteria for CNO with 
bone pain, typical MRI findings, and both criteria 1 and 
2 (multifocal bone involvement and bone biopsy with 
inflammatory changes). Without full remission of bone 
pain between the first and second hospitalizations, this 
patient met criteria for CNO rather than the more severe 
chronic recurrent multifocal osteomyelitis (CRMO), 
which consists of episodic recurrences of inflammatory 
bone lesions and has a poorer prognosis.

This patient’s presentation was unique with the pres-
ence of systemic inflammation, including weight loss 
(with caloric consumption greater than expected needs), 
fatigue, and markedly elevated ESR. Patients on the dis-
ease spectrum of CNO and CRMO can have varying 

degrees of systemic inflammation, which makes diag-
nosis challenging [9, 10]. However, weight loss is rarely 
reported with CNO/CRMO in isolation and should 
prompt further investigation for overlapping diagnoses, 
as in this case [11].

CNO has been reported as an extraintestinal manifesta-
tion (EIM) of IBD, and up to 30% of patients with inflam-
matory bowel disease can present with an EIM months 
to years prior to onset of inflammatory bowel symptoms 
[5, 12–14]. Importantly, this patient also had none of the 
classic symptoms of IBD, such as persistent diarrhea, 
gross hematochezia, or abdominal pain, suggesting early 
presentation of disease. Initial investigation for IBD was 
triggered by an elevated fecal calprotectin, a noninvasive 
screening test with high negative predictive value [15]. 
Endoscopically, he had diffuse erythema throughout his 
intestines, which correlated with microscopic evidence 
of active inflammation (ulceration, cryptitis, and villitis); 
however, he lacked microscopic evidence of the damage 
associated with chronic inflammation (crypt distortion, 
basal lymphoplasmacytosis, and granulomas) typically 
seen with IBD. Though he lacked the classic chronicity 
typically seen with IBD, the diagnosis of early IBD best 
encompassed his clinical picture: weight loss, systemic 
inflammation, endoscopic evidence of inflamed bowel, 
and finally presence of CNO, a rare but reported EIM of 
IBD.

Chorea can be a nonspecific feature of systemic inflam-
mation, particularly in the presence of autoimmune dis-
eases such as systemic lupus erythematosus and systemic 
vasculitis and/or the presence of antiphospholipid anti-
bodies. Though Sydenham chorea is one of the major 
Jones criteria for diagnosis of ARF, this patient did not 
meet other criteria for diagnosis, and he did not have the 
typical accompanying emotional lability [16]. One prior 
report of transient chorea associated with IBD (ulcerative 
colitis), with normal brain imaging, has many parallels 
with our case [3]. Two other highly similar case reports 
are suggestive of this same association: one from 1979 

Table 1 Bristol criteria for chronic nonbacterial osteitis

a STIR MRI: short-tau inversion-recovery magnetic resonance imaging
b CRP: C-reactive protein

The presence of typical clinical findings (bone pain ± localized swelling without significant local or systemic features of inflammation or infection

AND

The presence of typical radiological findings (plain x-ray: showing combination of lytic areas, sclerosis, and new bone formation or preferably STIR  MRIa: 
showing bone marrow edema ± bone expansion, lytic areas, and periosteal reaction

AND EITHER

Criterion 1: more than one bone (or clavicle alone) without significantly raised C-reactive protein  (CRPb < 30 g/L)

OR

Criterion 2: if unifocal disease (other than clavicle), or CRP > 30 g/L, with bone biopsy showing inflammatory changes (plasma cells, osteoclasts, fibrosis 
or sclerosis) with no bacterial growth while not on antibiotic therapy
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and therefore lacking a modern immunological evalua-
tion [17] and one detailed only in poster form [18].

The presence of chorea and weakness added to the 
extensive differential diagnoses for this patient. It was dif-
ficult to reconcile his presentation of systemic inflamma-
tion, weight loss, and extremity complaints with chorea 
into a unifying diagnosis. CNO rarely, if ever, presents 
with weakness; in this case, his weakness was thought to 
be secondary to pain from diffuse bony involvement, sci-
atic nerve irritation from local inflammation, or develop-
ment of piriformis syndrome secondary to rapid weight 
loss [19]. Because of the chorea and weight loss, we also 
considered Huntington disease early in his evaluation, 
but the rapidity of his disease progression, the absence 
of neuropsychiatric symptoms or a suggestive family his-
tory, and his pain and weakness (not typical for Hunting-
ton disease) led us to discount this possibility. Finally, his 
normal brain MRI eliminated this diagnosis.

This patient’s ill appearance, with progressive cachexia 
despite caloric supplementation, created urgency to trial 
immunomodulatory therapy once infection had been 
ruled out. TNF-α has been implicated in the pathways for 
both CNO [20] and IBD [21], which simplified our choice 
for empiric anti-TNF-α therapy. The patient’s return to 
his asymptomatic baseline supported the role of systemic 
inflammation in his disease course, with components of 
both CNO, IBD, and inflammatory (transient) chorea all 
fully responding to immunomodulation.

CNO is a rare, diagnostically challenging disease that 
should be considered in a pediatric patient with unex-
plained systemic symptoms and bony pain. When com-
bined with weight loss, CNO can be an extraintestinal 
manifestation of inflammatory bowel disease that may 
precede any intestinal symptoms. Neurologic manifesta-
tions—such as chorea—can also be a rare complication 
of systemic inflammatory disorders. The combination of 
musculoskeletal, neurologic, and systemic complaints 
in this child created a diagnostic dilemma that required 
extensive laboratory workup, multiple imaging modali-
ties, histologic examination of areas of suspected 
involvement, and multidisciplinary collaboration to 
appropriately identify and treat the source(s) of systemic 
inflammation.

Abbreviations
IBD  Inflammatory bowel disease
CNO  Chronic nonbacterial osteitis
EIM  Extraintestinal manifestations
CRP  C-reactive protein
ESR  Erythrocyte sedimentation rate
MRI  Magnetic resonance imaging
PET–CT  Positron emission tomography–computed tomography
LCH  Langerhans cell histiocytosis
HLH  Hemophagocytic lymphohistiocytosis
ARF  Acute rheumatic fever

ECG  Electrocardiogram
NSAIDs  Nonsteroidal anti-inflammatory drugs
TNF-α  Tumor necrosis factor-alpha
IL-1β  Interleukin-1-beta
CRMO  Chronic recurrent multifocal osteomyelitis

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13256- 023- 03894-1.

Additional file 1. Physical exam maneuvers demonstrate motor imper-
sistence, the hallmark feature of chorea. Note the intrusion of unwanted 
movements into limbs, face, and tongue when maintaining a fixed 
position.

Acknowledgements
None.

Author contributions
LA and JW were major contributors in writing the manuscript. JP, WC, and VR 
performed the histological examination of the bone and intestinal specimens 
and analysis for the manuscript. AY, KM, AM, BG, MH, and JF provided critical 
review and major edits to the manuscript. All authors read and approved the 
final manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient’s legal guardian for 
publication of this case report and any accompanying images. A copy of the 
written consent is available for review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Division of Pediatric Hospital Medicine, Department of Pediatrics, University 
of Texas Health Science Center at Houston, 6431 Fannin St., Suite JJL 210-D, 
Houston, TX 77030, USA. 2 Division of Pediatric Hospital Medicine, Department 
of Pediatrics, University of Texas-Southwestern Medical Center, Dallas, TX, USA. 
3 Division of Pediatric Gastroenterology, Department of Pediatrics, Nicklaus 
Children’s Hospital, Miami, FL, USA. 4 Division of Pediatric Gastroenterology, 
Department of Pediatrics, University of Texas-Southwestern Medical Center, 
Dallas, TX, USA. 5 Division of Pediatric Rheumatology, Department of Pediatrics, 
University of Texas-Southwestern Medical Center, Dallas, TX, USA. 6 Depart-
ment of Pathology, University of Texas-Southwestern Medical Center, Dallas, 
TX, USA. 7 Division of Pediatric Radiology, Department of Radiology, University 
of Texas-Southwestern Medical Center, Dallas, TX, USA. 8 Division of Child Neu-
rology, Department of Pediatrics, University of Texas-Southwestern Medical 
Center, Dallas, TX, USA. 

Received: 12 August 2021   Accepted: 17 March 2023

References
 1. Rogler G, Singh A, Kavanaugh A, Rubin DT. Extraintestinal manifesta-

tions of inflammatory bowel disease: current concepts, treatment, 

https://doi.org/10.1186/s13256-023-03894-1
https://doi.org/10.1186/s13256-023-03894-1


Page 7 of 7Agharokh et al. Journal of Medical Case Reports          (2023) 17:237  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

and implications for disease management. Gastroenterology. 
2021;161(4):1118–32. https:// doi. org/ 10. 1053/j. gastro. 2021. 07. 042.

 2. Morís G. Inflammatory bowel disease: an increased risk factor for neuro-
logic complications. World J Gastroenterol. 2014;20(5):1228–37. https:// 
doi. org/ 10. 3748/ wjg. v20. i5. 1228.

 3. Oliveira GR, Teles BCV, Brasil EF, et al. Peripheral neuropathy and neuro-
logical disorders in an unselected Brazilian population-based cohort of 
IBD patients. Inflamm Bowel Dis. 2008;14(3):389–95. https:// doi. org/ 10. 
1002/ ibd. 20304.

 4. Greuter T, Bertoldo F, Rechner R, et al. Extraintestinal manifestations of 
pediatric inflammatory bowel disease: prevalence, presentation, and anti-
TNF treatment. J Pediatr Gastroenterol Nutr. 2017;65(2):200–6. https:// doi. 
org/ 10. 1097/ MPG. 00000 00000 001455.

 5. Jose FA, Garnett EA, Vittinghoff E, et al. Development of extraintestinal 
manifestations in pediatric patients with inflammatory bowel disease. 
Inflamm Bowel Dis. 2009;15(1):63–8. https:// doi. org/ 10. 1002/ ibd. 20604.

 6. Roderick MR, Shah R, Rogers V, Finn A, Ramanan AV. Chronic recurrent 
multifocal osteomyelitis (CRMO)—advancing the diagnosis. Pediatr Rheu-
matol Online J. 2016;14(1):47. https:// doi. org/ 10. 1186/ s12969- 016- 0109-1.

 7. Hedrich CM, Morbach H, Reiser C, Girschick HJ. New insights into adult 
and paediatric chronic non-bacterial osteomyelitis CNO. Curr Rheumatol 
Rep. 2020;22(9):52. https:// doi. org/ 10. 1007/ s11926- 020- 00928-1.

 8. Iyer RS, Thapa MM, Chew FS. Chronic recurrent multifocal osteomyelitis: 
review. Am J Roentgenol. 2011;196(6_suppl):S87–S91. https:// doi. org/ 10. 
2214/ AJR. 09. 7212

 9. Solem CA, Loftus EV, Tremaine WJ, Harmsen WS, Zinsmeister AR, 
Sandborn WJ. Correlation of C-reactive protein with clinical, endoscopic, 
histologic, and radiographic activity in inflammatory bowel disease. 
Inflamm Bowel Dis. 2005;11(8):707–12. https:// doi. org/ 10. 1097/ 01. MIB. 
00001 73271. 18319. 53.

 10. Henriksen M, Jahnsen J, Lygren I, et al. C-reactive protein: a predictive fac-
tor and marker of inflammation in inflammatory bowel disease. Results 
from a prospective population-based study. Gut. 2008;57(11):1518–23. 
https:// doi. org/ 10. 1136/ gut. 2007. 146357.

 11. Grote V, Silier CCG, Voit AM, Jansson AF. Bacterial osteomyelitis or non-
bacterial osteitis in children: a study involving the German surveillance 
unit for rare diseases in childhood. Pediatr Infect Dis J. 2017;36(5):451–6. 
https:// doi. org/ 10. 1097/ INF. 00000 00000 001469.

 12. Audu GK, Nikaki K, Crespi D, Spray C, Epstein J. Chronic recurrent multifo-
cal osteomyelitis and inflammatory bowel disease. J Pediatr Gastroenterol 
Nutr. 2015;60(5):586–91. https:// doi. org/ 10. 1097/ MPG. 00000 00000 
000663.

 13. Kołodziejczyk B, Gazda A, Hernik E, et al. Diagnostic and therapeutic dif-
ficulties in a patient with chronic recurrent multifocal osteomyelitis coex-
isting with ulcerative colitis. Reumatologia. 2019;57(2):109–16. https:// doi. 
org/ 10. 5114/ reum. 2019. 84817.

 14. Rosen MJ, Dhawan A, Saeed SA. Inflammatory bowel disease in children 
and adolescents. JAMA Pediatr. 2015;169(11):1053. https:// doi. org/ 10. 
1001/ jamap ediat rics. 2015. 1982.

 15. Kennedy NA, Clark A, Walkden A, et al. Clinical utility and diagnostic 
accuracy of faecal calprotectin for IBD at first presentation to gas-
troenterology services in adults aged 16–50 years. J Crohns Colitis. 
2014:S1873994614002189. https:// doi. org/ 10. 1016/j. crohns. 2014. 07. 005

 16. Gewitz MH, Baltimore RS, Tani LY, et al. Revision of the Jones Criteria for 
the diagnosis of acute rheumatic fever in the era of Doppler echocar-
diography: a scientific statement from the American Heart Association. 
Circulation. 2015;131(20):1806–18. https:// doi. org/ 10. 1161/ CIR. 00000 
00000 000205.

 17. Howdle PD, Bone I, Losowsky MS. Hypocalcaemic chorea secondary to 
malabsorption. Postgrad Med J. 1979;55(646):560–3. https:// doi. org/ 10. 
1136/ pgmj. 55. 646. 560.

 18. Patel N, Osman G, Memon A. Immunotherapy-responsive chorea in a 
patient with antiphospholipid antibody syndrome and refractory Crohn’s 
disease: a case report. In: Vol 90. 2018:P6.042. https://n. neuro logy. org/ 
conte nt/ 90/ 15_ Suppl ement/ P6. 042.

 19. Hopayian K, Danielyan A. Four symptoms define the piriformis 
syndrome: an updated systematic review of its clinical features. Eur J 
Orthop Surg Traumatol. 2018;28(2):155–64. https:// doi. org/ 10. 1007/ 
s00590- 017- 2031-8.

 20. Hofmann SR, Kapplusch F, Mäbert K, Hedrich CM. The molecular 
pathophysiology of chronic non-bacterial osteomyelitis (CNO)—a 

systematic review. Mol Cell Pediatr. 2017;4(1):7. https:// doi. org/ 10. 1186/ 
s40348- 017- 0073-y.

 21. Billmeier U, Dieterich W, Neurath MF, Atreya R. Molecular mechanism of 
action of anti-tumor necrosis factor antibodies in inflammatory bowel 
diseases. World J Gastroenterol. 2016;22(42):9300. https:// doi. org/ 10. 
3748/ wjg. v22. i42. 9300.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1053/j.gastro.2021.07.042
https://doi.org/10.3748/wjg.v20.i5.1228
https://doi.org/10.3748/wjg.v20.i5.1228
https://doi.org/10.1002/ibd.20304
https://doi.org/10.1002/ibd.20304
https://doi.org/10.1097/MPG.0000000000001455
https://doi.org/10.1097/MPG.0000000000001455
https://doi.org/10.1002/ibd.20604
https://doi.org/10.1186/s12969-016-0109-1
https://doi.org/10.1007/s11926-020-00928-1
https://doi.org/10.2214/AJR.09.7212
https://doi.org/10.2214/AJR.09.7212
https://doi.org/10.1097/01.MIB.0000173271.18319.53
https://doi.org/10.1097/01.MIB.0000173271.18319.53
https://doi.org/10.1136/gut.2007.146357
https://doi.org/10.1097/INF.0000000000001469
https://doi.org/10.1097/MPG.0000000000000663
https://doi.org/10.1097/MPG.0000000000000663
https://doi.org/10.5114/reum.2019.84817
https://doi.org/10.5114/reum.2019.84817
https://doi.org/10.1001/jamapediatrics.2015.1982
https://doi.org/10.1001/jamapediatrics.2015.1982
https://doi.org/10.1016/j.crohns.2014.07.005
https://doi.org/10.1161/CIR.0000000000000205
https://doi.org/10.1161/CIR.0000000000000205
https://doi.org/10.1136/pgmj.55.646.560
https://doi.org/10.1136/pgmj.55.646.560
https://n.neurology.org/content/90/15_Supplement/P6.042
https://n.neurology.org/content/90/15_Supplement/P6.042
https://doi.org/10.1007/s00590-017-2031-8
https://doi.org/10.1007/s00590-017-2031-8
https://doi.org/10.1186/s40348-017-0073-y
https://doi.org/10.1186/s40348-017-0073-y
https://doi.org/10.3748/wjg.v22.i42.9300
https://doi.org/10.3748/wjg.v22.i42.9300

	Cachexia, chorea, and pain in chronic nonbacterial osteitis and inflammatory bowel disease: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and conclusions
	Anchor 9
	Acknowledgements
	References


