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Chronic nonbacterial osteomyelitis (CNO) is an exceedingly rare
autoinflammatory bone condition with a prevalence of 1-2 cases
per 1 million people.5 Commonly affecting children and adoles-
cents, CNO is characterized by insidious onset chronic bone pain
that waxes and wanes for months to years. CNO was initially
described by Giedion in 1972 and was previously considered a
relatively mild disease.12 Subsequent cases confirmed the
morbidity and sometimes devastating nature of the condition as it
frequently limits sleep and can cause pathologic vertebral body
fractures.29 CNO represents a clinical spectrum from mild, asymp-
tomatic unifocal bone pain to severe, recurrent multifocal bone
lesions involving the metaphysis and epiphysis of the long bones.4

When the latter occurs, the term chronic recurrent multifocal
osteomyelitis (CRMO) is used to characterize the disease.15 Other
commonly affected bones include the spine, pelvis, shoulder,
clavicle, and jaw. Other organs may also be involved, such as the
skin: synovitis, acne, pustulosis, hyperostosis, and osteomyelitis.16

The exact pathophysiology of CNO remains unknown, but the
interleukin 10 and interleukin 1 cytokine pathways may play a
role.17 Emerging data have allowed some guidance as to the best
way to diagnose and treat CNO. Because of its variable clinical
manifestations and similarity to other pathology, CNO is essentially
a diagnosis of exclusion. Treatment of CNO is mainly empiric, most
commonly using nonsteroidal anti-inflammatory drugs (NSAIDs) as
first-line and implementing corticosteroids, tumor necrosis factor
(TNF) inhibitors, and bisphosphonates only when needed.30 To the
best of the authors’ knowledge, unifocal CNO of the elbow has yet
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to be described. Herein, we present an interesting case of CNO of
the elbow in a 15-year-old. This experience expands the anatomic
sites of involvement and reinforces the important diagnostic and
treatment options unique to this case that will contribute to better
understanding of the existence and treatment of this poorly
understood pathologic condition.

Case presentation

A 15-year-old right-hand dominant male presented to the clinic
with about 3 years of atraumatic and episodic left elbow pain. His
pain began in the 7th grade and was mainly on the posterior elbow,
and he also complained of nighttime pain that woke him on
occasion. The patient played recreational football, and excessive
activity worsened his pain. On examination, the elbow revealed a
30-degree flexion contracture and full flexion. Palpation elicited
pain in the enthesis of the triceps on the olecranonwithout osseous
pain. The patient was maximally tender in the region of the medial
epicondyle. Notably, the ulnar nerve was also tender, although he
did not have radicular symptoms. The elbow was stable, lacked an
effusion, and was not warm or erythematous.

A complete blood count with differential demonstrated no ab-
normalities other than a mildly elevated hemoglobin of 15.1 g/dL,
and the patient’s prothrombin and international normalized ratio
were normal as well. Radiographic imaging denoted nonspecific
localized sclerosis and irregularity along the posteriormargin of the
olecranon at the triceps insertion, indicating triceps enthesitis
without periostitis or osteoylitic lesions (Fig. 1). On magnetic
resonance imaging (MRI), there was osseous edema about the
olecranon process not extending into the coronoid process (Figs. 2
and 3). Acute enthesitis at the triceps insertion was also noted, but
there were no changes suggesting osteoid osteoma or a neoplastic
or active infective process.

A presumptive diagnosis of CNO was made, and because this
condition has not been previously identified in this anatomic
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Figure 1 Anteroposterior (A) and lateral (B) radiographs of left elbow 3 years after onset of pain. There is subtle sclerosis and cortical irregularity along the posterior margin of the
olecranon at the triceps insertion with likely associated with enthesitis.

Figure 2 Sagittal (A) and coronal (B) T2W MRI demonstrating extensive olecranon
edema and tendinopathy of the triceps insertion at the olecranon taken 1 month after
plain films. Note the process does not cross the joint and does not extend into the
coronoid. MRI, magnetic resonance imaging.

Figure 3 Sagittal gadolinium enhanced T1 MRI view demonstrating intraosseous
edema of the olecranon. MRI, magnetic resonance imaging.
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part, a surgical biopsy was undertaken and was consistent with
chronic osteomyelitis of the elbow. However, as expected, the
cultures of the osseous tissue failed to reveal an organism. The
biopsy did also rule out a neoplastic processes. The patient then
began a regimen of the anti-inflammatory agent Naproxacin so-
dium. At one and a half years surveillance, the pain had resolved,
and he had no restrictions of routine daily functions. Direct
palpation of the olecranon produced mild pain, but the patient
was able to sleep through the night. Of interest, his range of
motionwas similar to that at the time of presentation between 25
and 30 degrees of extension to 155 degrees of flexion (Fig. 4). This
loss of motion did not interfere with any activity according to the
patient. The patient took the anti-inflammatory medication for
one and a half years before essentially discontinuing it and using
it as needed. The MRI at the final follow-up confirmed near-
complete resolution of the osseous edema and triceps enthesi-
tis (Figs. 5 and 6). Surveillance is ongoing.
593
Discussion

CNO is an elusive and rare disease with an incidence as low as 1
million children or 2%-5% of all osteomyelitis cases.1,8 The present
report describes important clinical features of CNO when it pre-
sents in the elbow. To the best of the authors’ knowledge, mono-
articular elbow CNO has yet to be described in the literature. Along
with classic signs and symptoms of CNO in other joints, elbow CNO,
in particular, may manifest with a persistent flexion contracture as
seen in our patient. Atraumatic and noninfectious pain from the
elbow coupled with a flexion contracture can portend a challenging
differential diagnosis. In addition to considering benign and ma-
lignant bone tumors, osteochondritis dissecans, olecranon apo-
physitis, olecranon bursitis, atypical infections, chronic stress
fractures, and little league elbow warrant consideration with pre-
sentation at the elbow.



Figure 4 Patient at final follow-up demonstrating an arc of motion between 25 and 30
degrees of extension and 155 degrees of flexion.

Figure 5 Sagittal (A) and coronal (B) T2W MRI at final follow-up demonstrating res-
olution of olecranon edema. MRI, magnetic resonance imaging.

Figure 6 Sagittal gadolinium enhanced T1 MRI view at final follow-up demonstrating
near-complete resolution of intraosseous edema of the olecranon and of the enthes-
opathy of the triceps attachment. MRI, magnetic resonance imaging.
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This case underscores the utility of a thorough clinical and
physical examination, MRI, and surgical biopsy to rule out other
disease processes effectively. Diagnosing CNO requires first an
awareness of the condition and a high index of suspicion but re-
mains a diagnosis of exclusion. Diagnostic criteria for CNO have
been proposed, although none have been prospectively tested and
validated.19,24,30 Ruling out infectious, neoplastic, or other rarer
bone pathology requires clinical, radiographic, and histological
findings. Insidious and atraumatic onset with recurrent bouts of
bone sensitivity and pain occurring at night are typical of CNO. A
chronic olecranon stress fracture was considered but ruled out in
our patient due to the lack of trauma before the onset of pain, the
presence of nighttime pain, and the lack of corroborating findings
on MRI. The stability of the patient’s elbow strengthened our
suspicion because of the associated ulnar collateral ligament
instability with a stress fracture. The clinical course of CNO varies
widely and may spontaneously remit over 1-20 years.10 Unifocal
or multifocal bone pain exacerbated by pressure or activity can
arise in any bone, although pain presents more frequently in the
metaphysis of long bones in children.4 When multifocal lesions
are present over an extended period, patients are diagnosed with
CRMO. Infrequently, regional swelling and warmth may occur
over the affected bone(s) in conjunction with fever, malaise, and
weight loss.6 Inflammatory biomarkers are elevated in about half
594
of patients, and about one-third of affected individuals have
additional autoimmune diseases.7,13 Radiographs are generally
nonspecific for the diagnosis of CNO, as they can be normal or
have sclerotic or lytic lesions.21 MRI plays a significant role in the
diagnosis of CNO and is generally the preferred imaging tool. MRI
spares children of the associated radiation with computed to-
mography (CT) and is more sensitive than CT, radiographs, or bone
scintigraphy in detecting inflammatory signs such as edema.11,20

There is a paucity of data on Tc-99 scintigraphy and CNO, yet
MRI may be more sensitive to the presence of the condition as
well as more accurate in defining the extent of the disease pro-
cess.22 Whole-body MRI offers information regarding the extent
of bony and organ involvement. Whole-body MRI may also be
used to screen for clinically silent lesions and exclude differential
diagnoses.29 However, whole-body MRI is expensive, and because
these lesions are typically symptomatic, targeted MRI of symp-
tomatic areas may be the most sensitive and pragmatic approach.
Bone biopsies are undertaken in 60%-80% of patients because they
provide additional information for excluding diagnoses such as
malignancy, Langerhans cell histiocytosis, infection, and fibrous
dysplasia.14,29 Histologic findings of CNO include infiltrates of
normal bone, immune cells, bone lysis, or fibrosis.15 Bone biopsies
are particularly helpful in distinguishing CNO from atypical in-
fections because they present similarly. Atypical infections can be
indolent and resemble the pain experienced with CNO, but a more
pronounced inflammatory presentation is usually present with
infections. Radiologic findings are nonspecific in this setting, and a
culture of the causative microorganism along with clinical find-
ings can lead clinicians toward this diagnosis over CNO.

The report highlights the significant improvement in symptoms
by treating this condition with NSAIDs. Although the range of
motion remained the same, consistent use of medication has
improved the patient’s function, and he does not complain of
limitations because of the contracture. Ongoing surveillance is
planned to determine if the contracture is permanent or sponta-
neously resolves, as after osteoid osteoma treatment. There is a lack
of consensus regarding ideal treatment guidelines for CNO because
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of the rarity of the disease and paucity of prospective trials.
Therefore, the management of CNO is mainly empiric and based on
collective insight from case reports, case series, and expert opinion.
Surgery is often not indicated, as NSAIDs such as Naproxen or
Indomethacin are an effective and safe first-line approach for pa-
tients with CNO that can provide symptomatic relief in approxi-
mately 80% of patients with CRMO.7,29 Because of this, there is a
paucity of data regarding surgical management of CNO. Surgery of
the jaw may be done in cases when CNO is misdiagnosed as bac-
terial osteomyelitis or for contour reduction.2,4 Drugs beyond
NSAIDs should be considered in patients with minimal relief.28 In
this setting, oral steroids may be used with caution, knowing that
they can quickly control bone inflammation yet fail to produce
long-lasting relief.26 Intravenous bisphosphonates offer another
alternative in refractory cases.18 They may be used in conjunction
with or independent of NSAIDs because they inhibit osteoclasts and
inflammatory bone loss. Symptoms and radiological improvement
typically ensue after the first infusion.23,27 However, bisphospho-
nates may limit growth, and their prolonged half-life produces
hesitation over NSAIDs as first-line options in children.25 TNF in-
hibitors have been proposed as another potential treatment option
in refractory cases because of the increased serum concentration of
the pro-inflammatory cytokine TNF-alpha in patients with active
disease. The role of TNF inhibitors has been limited due to their
cost, although most reports have shown promising results
regarding symptom and radiological improvement.9 Guidance on
treatment duration protocol remains unknown because of the lack
of clinical trials.

Conclusion

In our patient, a combination of clinical, MRI, and biopsy find-
ings was key to the diagnosis of CNO. The unique location of CNO in
the elbow coupled with the flexion contracture expands our un-
derstanding of how this challenging disease can manifest. Treat-
ment with Naproxen sodium, in our case, demonstrates how this
can provide symptom relief in this subset of patients. Timely
identification and diagnosis are paramount, as this disease can
progress to arthritis, structural damage, and spondyloarthrop-
athy.3,25 The elbow contracture is usually resolved after removing
the nidus of the osteoma, yet there is not enough data to support
the same conclusionwith CNO in the elbow. Finally, further studies
are necessary to understand the long-term consequence of this
disease as a function of anatomic site of involvement.

Acknowledgments

The authors would like to thank Fred Corley, MD, for recognizing
the rare condition and prompting the referral to the senior author.

Disclaimers:

Funding: No funding was disclosed by the authors.
Conflicts of interest: The authors, their immediate families, and any
research foundation with which they are affiliated have not
received any financial payments or other benefits from any com-
mercial entity related to the subject of this article.
Patient consent: Obtained.
References

1. Alshammari A, Usmani S, Elgazzar AH, Ashkanani RA. Chronic recurrent
multifocal osteomyelitis in children: a multidisciplinary approach is needed to
establish a diagnosis. World J Nucl Med 2013;12:120-3. https://doi.org/
10.4103/1450-1147.136737.
595
2. Bocchialini G, Ferrari L, Rossini M, Bozzola A, Burlini D. Chronic nonbacterial
osteomyelitis involving the mandible: A case report. Int J Surg Case Rep
2017;37:149-53. https://doi.org/10.1016/j.ijscr.2017.06.018.

3. Borzutzky A, Stern S, Reiff A, Zurakowski D, Steinberg EA, Dedeoglu F, et al.
Pediatric chronic nonbacterial osteomyelitis. Pediatrics 2012 Nov;130:e1190-7.
https://doi.org/10.1542/peds.2011-3788.

4. Buch K, Thuesen ACB, Brøns C, Schwarz P. Chronic non-bacterial osteomyelitis:
a review. Calcif Tissue Int 2019;104:544-53. https://doi.org/10.1007/s00223-
018-0495-0.

5. Chen Z, Cheng L, Feng G. Bone inflammation and chronic recurrent multifocal
osteomyelitis. Eur Rev Med Pharmacol Sci 2018;22:1380-6. https://doi.org/
10.26355/eurrev_201803_14482.

6. Concha S, Hern�andez-Ojeda A, Contreras O, Mendez C, Talesnik E, Borzutzky A.
Chronic nonbacterial osteomyelitis in children: a multicenter case series.
Rheumatol Int 2020;40:115-20. https://doi.org/10.1007/s00296-019-04400-x.

7. Costa-Reis P, Sullivan KE. Chronic recurrent multifocal osteomyelitis. J Clin
Immunol 2013;33:1043-56. https://doi.org/10.1007/s10875-013-9902-5.

8. Deogaonkar K, Ghandour A, Jones A, Ahuja S, Lyons K. Chronic recurrent
multifocal osteomyelitis presenting as acute scoliosis: a case report and review
of literature. Eur Spine J 2008;17:S248-52. https://doi.org/10.1007/s00586-
007-0516-6.

9. Eleftheriou D, Gerschman T, Sebire N, Woo P, Pilkington CA, Brogan PA. Biologic
therapy in refractory chronic non-bacterial osteomyelitis of childhood. Rheu-
matology (Oxford) 2010;49:1505-12. https://doi.org/10.1093/rheumatology/
keq122.

10. El-Shanti HI, Ferguson PJ. Chronic recurrent multifocal osteomyelitis: a concise
review and genetic update. Clin Orthop Relat Res 2007;462:11-9. https://
doi.org/10.1097/BLO.0b013e3180986d73.

11. Fritz J, Tzaribatchev N, Claussen CD, Carrino JA, Horger MS. Chronic recurrent
multifocal osteomyelitis: comparison of whole-body MR imaging with radi-
ography and correlation with clinical and laboratory data. Radiology 2009;252:
842-51. https://doi.org/10.1148/radiol.2523081335.

12. Giedion A, Holthusen W, Masel LF, Vischer D. Subacute and chronic “sym-
metrical” osteomyelitis. Ann Radiol (Paris) 1972;15:329-42.

13. Girschick H, Finetti M, Orlando F, Schalm S, Insalaco A, Ganser G, et al. The
multifaceted presentation of chronic recurrent multifocal osteomyelitis: a se-
ries of 486 cases from the Eurofever international registry. Rheumatology
(Oxford) 2018;57:1203-11. https://doi.org/10.1093/rheumatology/key058.

14. Girschick HJ, Huppertz HI, Harmsen D, Krauspe R, Müller-Hermelink HK,
Papadopoulos T. Chronic recurrent multifocal osteomyelitis in children: diag-
nostic value of histopathology and microbial testing. Hum Pathol 1999;30:59-
65.

15. Hedrich CM, Hofmann SR, Pablik J, Morbach H, Girschick HJ. Autoinflammatory
bone disorders with special focus on chronic recurrent multifocal osteomyelitis
(CRMO). Pediatr Rheumatol Online J 2013;11:47. https://doi.org/10.1186/1546-
0096-11-47.

16. Hedrich CM, Morbach H, Reiser C, Girschick HJ. New insights into adult and
paediatric chronic non-bacterial osteomyelitis CNO. Curr Rheumatol Rep
2020;22:52. https://doi.org/10.1007/s11926-020-00928-1.

17. Hofmann SR, Kapplusch F, M€abert K, Hedrich CM. The molecular pathophysi-
ology of chronic non-bacterial osteomyelitis (CNO)-a systematic review. Mol
Cell Pediatr 2017;4:7. https://doi.org/10.1186/s40348-017-0073-y.

18. Hofmann SR, Schnabel A, R€osen-Wolff A, Morbach H, Girschick HJ, Hedrich CM.
Chronic nonbacterial osteomyelitis: pathophysiological concepts and current
treatment strategies. J Rheumatol 2016;43:1956-64. https://doi.org/10.3899/
jrheum.160256.

19. Jansson A, Renner ED, Ramser J, Mayer A, Haban M, Meindl A, et al. Classifi-
cation of non-bacterial osteitis: retrospective study of clinical, immunological
and genetic aspects in 89 patients. Rheumatology (Oxford) 2007;46:154-60.
https://doi.org/10.1093/rheumatology/kel190.

20. Khanna G, Sato TSP, Ferguson P. Imaging of chronic recurrent multifocal
osteomyelitis. Radiographics 2009;29:1159-77. https://doi.org/10.1148/
rg.294085244.

21. LeclairN,Th€ormerG,Sorge I,RitterL,SchusterV,HirschFW.Whole-bodydiffusion-
weighted imaging in chronic recurrent multifocal osteomyelitis in children. PLoS
One 2016;11:e0147523. https://doi.org/10.1371/journal.pone.0147523.

22. Morbach H, Schneider P, Schwarz T, Hofmann C, Raab P, Neubauer H, et al.
Comparison of magnetic resonance imaging and 99mTechnetium-labelled
methylene diphosphonate bone scintigraphy in the initial assessment of
chronic non-bacterial osteomyelitis of childhood and adolescents. Clin Exp
Rheumatol 2012;30:578-82.

23. Roderick M, Shah R, Finn A, Ramanan AV. Efficacy of pamidronate therapy in
children with chronic non-bacterial osteitis: disease activity assessment by
whole body magnetic resonance imaging. Rheumatology 2014;53:1973-6.
https://doi.org/10.1093/rheumatology/keu226.

24. Roderick MR, Shah R, Rogers V, Finn A, Ramanan AV. Chronic recurrent
multifocal osteomyelitis (CRMO) - advancing the diagnosis. Pediatr Rheumatol
Online J 2016;14:47. https://doi.org/10.1186/s12969-016-0109-1.

25. Schnabel A, Range U, Hahn G, Berner R, Hedrich CM. Treatment Response and
Longterm Outcomes in Children with Chronic Nonbacterial Osteomyelitis.
J Rheumatol 2017;44:1058-65. https://doi.org/10.3899/jrheum.161255.

26. Schnabel A, Range U, Hahn G, Siepmann T, Berner R, Hedrich CM. Unexpectedly
high incidences of chronic non-bacterial as compared to bacterial osteomyelitis
in children. Rheumatol Int 2016;36:1737-45. https://doi.org/10.1007/s00296-
016-3572-6.

https://doi.org/10.4103/1450-1147.136737
https://doi.org/10.4103/1450-1147.136737
https://doi.org/10.1016/j.ijscr.2017.06.018
https://doi.org/10.1542/peds.2011-3788
https://doi.org/10.1007/s00223-018-0495-0
https://doi.org/10.1007/s00223-018-0495-0
https://doi.org/10.26355/eurrev_201803_14482
https://doi.org/10.26355/eurrev_201803_14482
https://doi.org/10.1007/s00296-019-04400-x
https://doi.org/10.1007/s10875-013-9902-5
https://doi.org/10.1007/s00586-007-0516-6
https://doi.org/10.1007/s00586-007-0516-6
https://doi.org/10.1093/rheumatology/keq122
https://doi.org/10.1093/rheumatology/keq122
https://doi.org/10.1097/BLO.0b013e3180986d73
https://doi.org/10.1097/BLO.0b013e3180986d73
https://doi.org/10.1148/radiol.2523081335
http://refhub.elsevier.com/S2666-6391(22)00071-2/sref12
http://refhub.elsevier.com/S2666-6391(22)00071-2/sref12
https://doi.org/10.1093/rheumatology/key058
http://refhub.elsevier.com/S2666-6391(22)00071-2/sref14
http://refhub.elsevier.com/S2666-6391(22)00071-2/sref14
http://refhub.elsevier.com/S2666-6391(22)00071-2/sref14
http://refhub.elsevier.com/S2666-6391(22)00071-2/sref14
https://doi.org/10.1186/1546-0096-11-47
https://doi.org/10.1186/1546-0096-11-47
https://doi.org/10.1007/s11926-020-00928-1
https://doi.org/10.1186/s40348-017-0073-y
https://doi.org/10.3899/jrheum.160256
https://doi.org/10.3899/jrheum.160256
https://doi.org/10.1093/rheumatology/kel190
https://doi.org/10.1148/rg.294085244
https://doi.org/10.1148/rg.294085244
https://doi.org/10.1371/journal.pone.0147523
http://refhub.elsevier.com/S2666-6391(22)00071-2/sref22
http://refhub.elsevier.com/S2666-6391(22)00071-2/sref22
http://refhub.elsevier.com/S2666-6391(22)00071-2/sref22
http://refhub.elsevier.com/S2666-6391(22)00071-2/sref22
http://refhub.elsevier.com/S2666-6391(22)00071-2/sref22
https://doi.org/10.1093/rheumatology/keu226
https://doi.org/10.1186/s12969-016-0109-1
https://doi.org/10.3899/jrheum.161255
https://doi.org/10.1007/s00296-016-3572-6
https://doi.org/10.1007/s00296-016-3572-6


L.M. Salazar, R. Cone and B.F. Morrey JSES Reviews, Reports, and Techniques 2 (2022) 592e596
27. Simm PJ, Allen RC, Zacharin MR. Bisphosphonate treatment in chronic recur-
rent multifocal osteomyelitis. J Pediatr 2008;152:571-5. https://doi.org/
10.1016/j.jpeds.2007.08.047.

28. Taddio A, Ferrara G, Insalaco A, Pardeo M, Gregori M, Finetti M, et al.
Dealing with Chronic Non-Bacterial Osteomyelitis: a practical approach.
Pediatr Rheumatol Online J 2017;15:87. https://doi.org/10.1186/s12969-
017-0216-7.
596
29. Zhao DY, McCann L, Hahn G, Hedrich CM. Chronic nonbacterial osteomyelitis
(CNO) and chronic recurrent multifocal osteomyelitis (CRMO). J Transl Auto-
immun 2021;4:100095. https://doi.org/10.1016/j.jtauto.2021.100095.

30. Zhao Y, Wu EY, Oliver MS, Cooper AM, Basiaga ML, Vora SS, et al. Consensus
treatment plans for chronic nonbacterial osteomyelitis refractory to nonste-
roidal antiinflammatory drugs and/or with active spinal lesions. Arthritis Care
Res (Hoboken) 2018;70:1228-37. https://doi.org/10.1002/acr.23462.

https://doi.org/10.1016/j.jpeds.2007.08.047
https://doi.org/10.1016/j.jpeds.2007.08.047
https://doi.org/10.1186/s12969-017-0216-7
https://doi.org/10.1186/s12969-017-0216-7
https://doi.org/10.1016/j.jtauto.2021.100095
https://doi.org/10.1002/acr.23462

	Chronic nonbacterial monoarticular osteomyelitis of the elbow
	Case presentation
	Discussion
	Conclusion
	Acknowledgments
	Disclaimers:
	References


