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Abstract
Chronic non-bacterial osteomyelitis (CNO) is a chronic inflammatory bone disease which usually manifests in children and 
adolescents. There are a few data about pathogenesis and treatment. The aim of the study to compare the efficacy of different 
treatment approaches in pediatric CNO cohort patient. Fifty two children (25 boys and 27 girls) with CNO with average age 
at the onset of the disease 8.4 years (5.4; 11.0), number of foci − 3.0 (2.0; 6.0, incl. multifocal cases in 80.8%). Non-steroid 
anti-inflammatory drugs (NSAID) was the first-line treatment for non-vertebral cases, as well as pamidronate (PAM) for 
vertebral involvement. Second-line treatment includes sulfasalazine (SSZ), methotrexate (MTX), PAM and tumor necrosis 
factor-α inhibitors (TNFα-inh). We evaluated the dynamics of pain, patient’s and physician’s (MDVAS) assessment with 
visual-analog scale (VAS) and ability to each medication to achieve remission of CNO activity. According to the NSAID, 
MTX, SSZ, PAM and TNFα-inh groups the following data were registered: patient’s VAS: − 14.2% (p = 0.05), − 50.0% 
(p = 0.04), − 23.1 (p = 0.89), − 83.3% (p = 0.0001), − 73.6% (p = 0.0007); painVAS: − 21.9% (p = 0.01), − 18.6% (p = 0.13), 
+ 36.4 (p = 0.89), − 79.7% (p = 0.00016), − 74.1%, (p = 0.0015); MDVAS: − 13.8% (p = 0.13); − 56.4% (p = 0.09), + 30.8% 
(p = 0.89), − 74.7%, (p = 0.0001), − 82.1 (p = 0.0015) respectively. The ability of each treatment strategy to achieve the CNO 
remission was 52.6%, 44.4%, 57,1%, 88.8% and 73.3%, respectively (log-rank test, p = 0.001). The efficacy of treatment 
approaches for CNO depended on the severity of the disease. NSAID, methotrexate, and sulfasalazine were effective in forms 
without spine involvement, but pamidronate and TNF-a inhibitors were useful in vertebral forms of CNO. Pamidronate and 
TNF-a inhibitors more extensively suppressed CNO activity. The randomized controlled trials for assessment of the efficacy 
and safety of these medications is mandatory to confirm these results.
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Introduction

Chronic nonbacterial osteomyelitis (CNO) is a chronic 
inflammatory bone disease which usually manifests in chil-
dren and adolescents [1]. Chronic nonbacterial osteomyelitis 
is also known as chronic non-bacterial osteitis and chronic 
recurrent multifocal osteomyelitis. CNO is a disease with 
a heterogeneous chronic persistent or relapsed course with 
a possibility of spontaneous healing without any treatment 
[2, 3]. Adult patients have a very similar disease, known as 
SAPHO syndrome (synovitis, acne, pustulosis, hyperostosis, 
osteitis). CNO pathogenesis is not studied comprehensively. 
Association of CNO with different inflammatory diseases, 
especially rheumatic, dermatological and inflammatory 
bowel diseases (IBD) is well known [4–6]. Cytokine disbal-
ance is the crucial point of CNO pathogenesis. Patients with 
CNO have decreased the production of anti-inflammatory 
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cytokine—interleukin-10 and hyperproduction of proin-
flammatory cytokines—tumor necrosis factor-α (TNFα) and 
interleukin-1 [7–9]. Due to spontaneous hyperproduction of 
proinflammatory cytokines without features of autoimmun-
ity, CNO refers to a group of autoinflammatory diseases [1, 
10]. Anti-inflammatory effect of anti-cytokine biologics in 
CNO confirms the autoinflammatory mechanisms underly-
ing CNO pathogenesis [11–13]. Several autoinflammatory 
diseases and syndromes related to mutations in genes, which 
control IL-1β-mediated signal pathway include a CNO as a 
part of the clinical picture, e.g., DIRA-syndrome, Majeed 
syndrome, where the high efficacy of using IL-1 blockers 
was demonstrated [14–16].

There are no approved treatments for CNO. The efficacies 
of non-steroid anti-inflammatory drugs (NSAID), metho-
trexate (MTX), sulfasalazine (SSZ), pamidronate (PAM), 
anti-IL1 and TNFα-inhibitors (TNFα-inh) are shown in sev-
eral previous research [6, 17].

The study aimed to compare the efficacy of non-rand-
omized different treatment approaches in the pediatric 
patient with CNO cohort.

Patients and methods

Fifty two children (25 males and 27 females) with CNO 
with an average age at the disease onset 8.4 years (5.4; 11.0) 
were included in the non-randomized observation study. 
The mean disease duration was − 4.0 (2.4; 5.7) years. The 
diagnosis of CNO was determined by the criteria created 
by Jansson et al. [3, 18], with exclusion of other reasons of 
bone diseases. Imaging modalities included X-ray, computed 
tomography, MRI and bone scintigraphy.

Outcomes assessment

According to the current recommendations for treatment 
of CNO, we used a step-up treatment strategy. Treatment 
depended on the presence of severity, the presence of spine 
destruction and efficacy of previous treatment. The first-
line therapy includes NSAID in cases with any peripheral 
bone involvement with pain (mandatory) and other signs 
of inflammation or spine involvement without signs of 
spine destruction [19]. Duration of NSAID usually lasted 
6–12 months in cases of appropriate response. Patients 
treated with NSAIDs were only referred to the NSAID 
group. If NSAIDs failed, then, methotrexate and sulfasala-
zine were added. In case of severe bone destruction, intense 
bone pain, NSAID and methotrexate/sulfasalazine fail, the 
next step was applying bisphosphonates [20]. TNF-a inhibi-
tors were used in the cases with intensive bone inflamma-
tion and undesirable effects of previous treatment lines [6]. 
In each step, NSAID tolerated as a concomitant treatment. 

Also, MTX or SSZ could be tolerated in patients, treated 
with TNF-α inhibitors as a concomitant therapy, especially 
when CNO was associated with other conditions, e.g., IBD 
or juvenile idiopathic arthritis (JIA).

In the cases of spine involvement with bone destruction, 
NSAID was used only at the diagnostic step, then bispho-
sphonates were used to prevent bone destruction and com-
plications [20]. In the cases of severe spine involvement, if 
bisphosphonates fell or the patient had signs of inflammation 
similar to ankylosing spondylitis, the TNF-a inhibitors were 
prescribed. Also, TNFa-inhibitors could be used, if bispho-
sphonates had an insufficient effect (Fig. 1). The term “inef-
ficacy” means unchanged pain and radiologic appearance, 
leading to treatment escalation; “partial response” means a 
decrease in pain, inflammatory parameters at least on 50%, 
and radiographic improvement, demonstrated in decreas-
ing of (1) surface of foci, (2) foci counts, (3) bone marrow 
edema intensity on MRI, but presence of at least clinical 
active focus; and “inactive disease” (complete remission) 
means the resolution of pain, normalization of inflamma-
tory parameters (ESR < 20 mm/h, CRP < 5 mg/l), and radio-
graphic healing. Patients with inactive disease was tolerated 
with the presence of 1–2 clinically inactive foci (bone mar-
row edema on MRI). As a rule, the decision about “efficacy 
or inefficacy” or changing the treatment line was made by 
the most experienced CNO physician, if the previous treat-
ment arm failed. Usually, we waited for at least 3 months for 
evaluation of the efficacy of the treatment line, except urgent 
situation (e.g., rapid spine destruction).

The efficacy of treatment evaluated through dynamics of 
pain visual analog scale (pain VAS), patient’s VAS and phy-
sician’s (MDVAS) assessment and ability to each medication 
to achieve remission of CNO activity. The CNO remission 
was diagnosed if patient had no fever, pain, clinically active 

Fig. 1   The schematic treatment algorithm for patients with CNO
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foci, concomitant arthritis and evidence of laboratory activ-
ity: normal white blood cells (WBC), hemoglobin, erythro-
cyte sedimentation rate (ESR), C-reactive protein (CRP), 
platelets and absence of disease activity according to the 
data of pain VAS, patient’s VAS and MDVAS. We have 
evaluated the time before inactive disease (ID) status was 
achieved. If the patient had several following treatment arms, 
each treatment arm was evaluated separately: 52 patients 
had 85 treatment episodes so that some patients could be 
evaluated several times. In the cases, when next step-line 
medication added to previous one, the first treatment arm 
was defined as “ineffective” and the second medication was 
evaluated as separate treatment arm so that some patients 
could be included in the subgroup analysis several times 
(2–4 times).

We have not compared and evaluated the combination of 
different treatment arms (e.g., bisphosphonates and TNFα-
inh). The mean follow-up period was 3.0 (2.2–4.7) years. All 
patients were evaluated approximately every 6 months after 
the start of NSAID. Written consent was obtained accord-
ing to the declaration of Helsinki. Approval of the protocol 
of this trial was approved by the local Ethics Committee of 
Saint-Petersburg State Pediatric Medical University (proto-
col number 10/8 from 23.10.2017).

Statistics

Descriptive statistics are reported in terms of medians and 
interquartile ranges (IQRs) for continuous variables and in 
terms of absolute frequencies and percentages for categori-
cal variables. We used a non-parametric statistic because 
all variables had no normal distribution. To check whether 
the distribution was normal or not we used the Kolmogo-
rov–Smirnov test. Wilcoxon’s matched paired test was used 
for comparing two dependent variables. Survival analysis 
with achievement ID status and flare as the events of inter-
est was conducted by means of the Kaplan–Meier method. 
The log-rank test compared survival curves. p < 0.05 was 
considered statistically significant. The software Statistica 
(release 9.0, StatSoft Corporation, Tulsa, OK, USA) was 
used for data analysis. p values < 0.05 were considered to 
indicate a significant difference.

Results

The demographic characteristics are in Table  1. All 
inflammatory measures are related to the time of diag-
nosis before first-line treatment. The patients had pre-
dominantly multifocal type of CNO, one-third of patients 
had spine involvement, and 6 of them had spine surgery. 
Concomitant immune-mediated diseases, mainly arthritis 
(enthesitis-related arthritis, psoriatic arthritis, ankylosing 

spondyloarthritis, undifferentiated arthritis) observed in 
67.3% patients of our group, MRI signs of sacroiliac involve-
ment detected in 10/12 (83.3%) of cases with pelvic bones 
involvement.

Treatment assessment

The mean treatment duration was − 1.6 (1.2–2.9) years. The 
ability of each treatment arms to achieve the remission for 
NSAID is 52.6%, for sulfasalazine − 57.1%, for methotrex-
ate − 44.4%, for pamidronate 88.8%, for TNFα-inhibitors 
− 73.3%. The most useful kinds of treatment were TNFα-
inhibitors and pamidronate. Table 2 shows the dynamics 
of clinical activity indicators (patient’s VAS, PainVAS, 
and MDVAS). In all patients, who achieved remission on 
NSAID, pamidronate, and sulfasalazine the treatment dis-
continued. Only in 33.3% of patients treated with methotrex-
ate, it was discontinued. Several patients required repeated 
courses of NSAIDs. We did not see any significant relapses 
during the treatment. The Survival analysis with the achieve-
ment of inactive disease (ID) status and flare as the events 
of interest was conducted by means of the Kaplan–Meier 
method and presented in Fig. 2.

The main side effects included several cases of elevated 
liver enzymes and nausea in patients, treated with NSAID, 
sulfasalazine, and methotrexate. “Flu-like syndrome” 
was observed in all patients during the first course of 
pamidronate, required used of antipyretics and corticoster-
oids. Further treatment with bisphosphonates did not associ-
ate with side effects.

Discussion

CNO is a disease with relatively favorable outcomes and the 
possibility of spontaneous flares and remission. Due to pecu-
liarities and heterogeneity of CNO courses, it is challenging 
to organize randomized clinical trials. Data about treatment 
modalities based on the data of retrospective studies, case 
and case series reports and expert opinions. Despite the 
known disadvantages of retrospective studies, there are no 
other alternative ways to evaluate the efficacy of treatment 
modalities in CNO. The positive sides of our study related 
with single center experience with the same diagnostic tests 
and therapeutic approaches with a mean follow-up period 
of 3.0 years, required for more proper evaluation of treat-
ment outcomes. Also, we suppose that splitting patients and 
different treatment protocols depending on the presence of 
spine involvement has made the results of our study more 
precise. The limitations of the study refer to the retrospec-
tive type of study, absence of randomization and control 
group and a possibility of CNO patients to spontaneous 
flares and remission, which can influence the actual efficacy 
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of the medication. The spontaneous remission in CNO was 
an obstacle for proper evaluation of the treatment response. 
Also, the lack of whole-body imaging in all patients is an 
essential limitation of the study since CNO could present 
with asymptomatic lesions and we had difficulties in the 
lesion count.

Our group has some features, which differ from several 
previously reported studies: high rate of spine involvement 
(34.6%) with pathological vertebral fractures in 14/52 (26.9), 
high rate of concomitant rheumatic diseases (67.3%) and low 
positivity of family history on rheumatic diseases (7.7%). 
In previous studies, the lower rate of spine involvement was 
15–25%, and pathological fractures in 11% was detected [21, 
22], the rate of concomitant rheumatic/immunopathological 
diseases ranged from 15 to 50% and higher rate (till 49%) of 

positive family history on rheumatic/immunopathological 
diseases [17, 21, 22]. The rate of arthritis in previous studies 
ranged from 15 to 39% [17, 21, 22] and in our study, it is the 
highest − 29/52 (55.8%). According to previous data, we can 
suppose that our group is more severe than the one found in 
previously published research, which had a significant influ-
ence over the treatment efficacy. Often patients with CNO 
have arthritis nearest to bone foci, but also some patients 
have arthritis not anatomically related to bone foci. Two 
patients had started as a typical CNO and further developed 
typical enthesitis-related arthritis. It was unclear about the 
pathogenesis of joint involvement in CNO patients. In some 
patients, arthritis is an evident immune-mediated disease 
with similar pathogenesis as CNO, which is especially evi-
dent for psoriatic arthritis, HLA B27 associated arthritis. On 

Table 1   The basic demography 
of studied population with CNO

MDVAS physician’s visual analog scale, VAS visual analog scale, n.v. normal value

Parameters Results (n = 52)

Gender, females, n (%) 27 (51.9)
Onset age, years 8.4 (5.4; 11.0)
Family history on rheumatic diseases, n (%) 4 (7.7)
Concomitant rheumatic disease, n (%) 35 (67.3)
Monofocal forms, n (%) 10 (19.2)
Skeletal involvement
 Spine, n (%) 18 (34.6)
 Femur, n (%) 18 (34.6)
 Tibia, n (%) 23 (44.2)
 Fibula, n (%) 9 (17.3)
 Foot bones, n (%) 22 (42.3)
 Pelvis, n (%) 12 (23.1)
 Clavicula, n (%) 6 (11.5)
 Sternum, n (%) 5 (9.6)
 Humerus, n (%) 6 (11.5)
 Ribs, n (%) 4 (7.7)
 Radius, n (%) 3 (5.8)
 Ulna, n (%) 2 (3.8)
 Hand bones, n (%) 3 (5.8)
 Maxilla, n (%) 1 (1.9)
 Scapula, n (%) 1 (1.9)

Fever, n (%) 20 (38.5)
Number of clinical foci/patient 3.0 (2.0; 6.0)
Hemoglobin, g/dl 12.0 (10.9; 12.8)
White blood cells, × 109/l 7.8 (6.7; 9.2)
Platelets, × 109/l 331.0 (262.0; 399.0)
Erythrocyte sedimentation rate, mm/h (n.v. < 20 mm/h) 26.0 (11.0; 41.0)
C-reactive protein, mg/l (n.v. < 5.0 mg/l) 8.2 (4.3; 34.0)
Clinical assessment of CNO activity
 Patient’s VAS, mm 45.5 (35.5; 67.0)
 Pain VAS, mm 44.5 (29.0; 76.5)
 MD VAS, mm 47.0 (34.5; 70.5)

Diagnostic delay, months 6.3 (2.0; 17.8)
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the other side, in some patients with subchondral localiza-
tion of bone inflammation sites, arthritis possibly may have 
a concomitant character, as a reaction of a close-located 
synovial membrane.

Non-steroid anti-inflammatory drugs are the first-line 
treatment in our study with improvement in 52.6% that is 
very similar to earlier published data [23]. Data of German 
CNO registry showed that 1-year naproxen monotherapy 
(15 mg/kg/day) leads to a decrease in the number of clini-
cal and radiological foci up to 2.5–4 times and the markers 

of CNO activity [19]. In the USA multicentre study, 13% 
of patients achieved complete remission [6]. Indometacin 
used in doses 1.5–2.5 mg/kg/day was also active and may 
recommend for CNO treatment due to its ability to decrease 
osteosclerosis formation through the prostaglandins inhibi-
tion [24]. Complete remission on NSAID was noted in 50% 
and partial remission 52–77% in the two most recent stud-
ies [17, 21]. It is necessary to note that NSAIDs usually 
show higher efficacy in mild or moderate diseases; our rate 
of complete remission is relatively high because of apply-
ing discriminative approach and avoiding using prolonged 
NSAID treatment in the patients with spine destruction.

The peculiarity of our study is the absence of corticoster-
oids in the treatment of CNO. We usually avoid the usage 
of corticosteroids, because if any misdiagnosis occurred the 
corticosteroids can mask the proper disease. According to 
the literature, corticosteroids can rapidly decrease the bone 
inflammation, pain, and fever. The expected efficacy accord-
ing to the study conducted by Borzutzky [6] was 95%. Com-
plete remission in the Eurofever study was observed in 37% 
and partial remission in 54% of patients on corticosteroids 
[17].

Methotrexate is a drug approved for different pediatric 
rheumatic diseases and could be used in the cases when 
CNO associated with other rheumatic diseases, especially 
arthritis, psoriasis. As a rule, part of patients treated with 
MTX is not high and ranged from 12% in the Eurofever 
study to 30/70 (42.8%) in the USA and 17.3% in our trial [6, 
17]. Complete remission achieved in 20% in the USA study, 

Table 2   The dynamics of VAS 
parameters of CNO activity 
before and after the treatment 
depends on the treatment 
approach

MDVAS physician’s visual analog scale, VAS visual analog scale, NSAID non-steroid anti-inflammatory 
drugs, TNFα-inh tumor necrosis factor-α inhibitors. Data presented in the median and interquartile range

Treatment Before After Change, % р

Patient’s VAS
 NSAID 43.0 (31.5; 61.5) 31.0 (11.5; 45.0) − 14.2 (− 74.0; 7.5) 0.055
 Sulfasalazine 31.0 (26.0; 32.0) 27.0 (5.0; 32.0) − 23.1 (− 29.0; 23.1) 0.89
 Methotrexate 40.0 (30.0; 43.0) 19.2 (10.0; 38.0) − 50.0 (− 70.5; − 14.9) 0.038
 Pamidronate 63.0 (35.0; 78.0) 10.0 (3.0; 27.0) − 83.3 (− 94.6; − 53.9) 0.0001
 TNFα-inh 45.0 (34.0; 57.0) 12.2 (4.0; 23.0) − 73.6 (− 88.5; − 41.1) 0.0007

Pain VAS
 NSAID 38.5 (24.5; 60.0) 22.0 (8.0; 46.0) − 21.9(− 80.0; 10.1) 0.01
 Sulfasalazine 22.0 (22.0; 32.0) 24.0 (7.0; 30.0) 36.4 (− 66.7; 36.4) 0.89
 Methotrexate 32.0 (31.0; 37.0) 30.0 (0.0; 36.0) − 18.6 (− 100.0; − 11.8) 0.13
 Pamidronate 52.0 (30.0; 89.0) 10.0 (0.0; 18.0) − 79.7 (− 100.0; − 53.8) 0.00016
 TNFα-inh 42.0 (27.0; 66.0) 12.0 (3.0; 24.0) − 74.1 (− 96.0; − 36.3) 0.0015

MDVAS
 NSAID 41.0 (29.5; 63.0) 30.5 (11.0; 54.5) − 13.8 (− 64.5; 14.1) 0.13
 Sulfasalazine 26.0 (26.0; 35.0) 28.5 (8.0; 34.0) 30.8 (− 34.2; 30.8) 0.89
 Methotrexate 40.0 (27.0; 52.0) 24.0 (4.0; 42.0) − 56.4 (− 85.1; − 12.2) 0.09
 Pamidronate 71.0 (34.0; 85.0) 14.0 (5.0; 27.0) − 74.7 (− 91.2; − 47.5) 0.0001
 TNFα-inh 43.0 (35.0; 72.0) 10.0 (5.0; 31.0) − 82.1 (− 93.1; − 37.1) 0.0015

Fig. 2   Comparison of the ability of different treatment arms to 
achieve the remission in 52 children with CNO
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22% in the Eurofever study and 44.4% in our study [6, 17]. 
In our cohort, the response to MTX is higher, but a better 
response to MTX had patients with concomitant arthritis.

Sulfasalazine is another DMARD, usually used in the 
combination of CNO with inflammatory bowel diseases, 
enthesitis-related arthritis, but rarely than other medica-
tion: only 9.6% in the Eurofever registry, 31.4% in the USA 
study and 13.5% in our study [6, 17]. The rate of complete 
remission ranged from 18% in the USA study to 38% in 
the Eurofever registry and 57.1% in our study [6, 17]. The 
highest rate of complete remission in our study could be 
explained by the small sample size of group patients, treated 
with sulfasalazine, selection of patients (association with 
other immunopathological diseases) or possible self-healing 
of the patients.

In our study, the most potent effect was observed in the 
pamidronate, despite the use of pamidronate in the most 
severe subgroup patients with spine involvement. Bispho-
sphonates (BP) were predominantly used for the treatment 
of different forms of osteoporosis and other bone metabolic 
diseases and prevention of bone destruction in the cases of 
metastatic bone involvement. The central mechanism is the 
inhibition of osteoclastic-mediated bone resorption [25]. 
It is also known as the anti-inflammatory effect of BP, but 
the precise mechanism is not precise. The efficacy of BP in 
the treatment of ankylosing spondylitis and CNO was ear-
lier shown [20, 26, 27]. The treatment with PAM reduced 
pain, signs of inflammation and encouraged bone healing 
[24, 28]. In the Eurofever registry, pamidronate provided 
complete remission in 51%, in the recent study of Schna-
bel 2017; the rate of complete remission is 83%, similar to 
our results − 88.8% [17, 21]. It is noteworthy to state that, 
that single center studies provided more similar results, as 
compared to the multicenter ones. In our study, we used 
PAM predominantly in the cases with vertebral involvement 
to stop vertebral fractures and prevent spine deformity, and 
other orthopedic complications, and rarely in non-vertebral 
forms when NSAIDs, MTX and SSZ fail. This approach is 
similar to recent recommendations to use pamidronate or 
zoledronate in spine involvement [29].

Despite several benefits of bisphosphonates treatment, 
there are still some concerns, which do not allow its exten-
sive use in children. First, bisphosphonates do not approve 
in childhood; second, bisphosphonates may accumulate in 
bones (sometimes more than 10 years) and may have a neg-
ative impact on bone metabolism and strength, especially 
when applied in high doses [30]. Also, some concerns refer 
to secondary hypocalcemia, secondary fragility, and a pos-
sibility to affect the fetal skeleton, if pregnancy occurs in 
young women who previously received bisphosphonates 
(long-term bone persistence, releasing from bone to circu-
lation and transport through the placenta from mother to 
the fetus). The negative impact of bisphosphonates on bone 

development in the animal fetus were shown in several stud-
ies [31–33]. Two meta-analyses limit the data about people. 
The first one included 51 cases in 1950–2008 years, and the 
second one included 65 cases of applying bisphosphonates 
during the pregnancy in 1945–2014 years [34, 35]. Fortu-
nately, in both papers, no cases of fetal skeletal involvement 
were documented, but it is necessary to use bisphospho-
nates in children with special care. Also, when using bispho-
sphonates followed by transient hypocalcemia and it can be 
required to check the blood calcium level after infusion and 
to make the correction. Chronic treatment with bisphospho-
nates required adequate calcium and vitamin D supplemen-
tation to prevent osteomalacia [36]. Another often side-effect 
of bisphosphonates is developing “flu-like” syndrome. In our 
study, all patients developed “flu-like” syndrome in the first 
3-day cycle of pamidronate and usually required applying 
antipyretics and corticosteroid premedication. All further 
cycles of pamidronate did not accompany with “flu-like” 
syndrome and did not require use of any premedication.

The data about hyperproduction of TNF-α and associa-
tion of CNO with some TNF-α-related diseases lay in the 
base for successful blockade of this cytokine with TNFα-
inhibitors [36]. In previous studies, treatment with TNFα-inh 
the highest rate of remission was reported and ranged from 
46% in the study of Borzutzky [6] to 67% in Schnabel [21]; 
in Eurofever registry 38/486 (7.8%) patients received dif-
ferent kinds of biologics, and approximate efficacy is near 
50% [17]. Despite known information about efficacy and 
side effects of biologics in juvenile idiopathic arthritis, the 
experience of biologics in CNO is limited. According to the 
data from recent studies, the efficacy of TNFα-inhibitors 
is a little less than bisphosphonates. In our study, the effi-
cacy of pamidronate and TNFα-inhibitors is quite similar. 
In the recent consensus treatment plans for CNO refractory 
to NSAIDs and with active spinal lesions, the plan B recom-
mends using TNFα-inhibitors with or without methotrexate 
[29]. TNFα-inh was used as the last step of the CNO treat-
ment, but now it may be a second treatment option equal 
with DMARDs and bisphosphonates [29]. TNFα-inh may 
combine with other medication such as NSAID, MTX, and 
SSZ that often used in real pediatric rheumatology prac-
tice in the management of patients with juvenile idiopathic 
arthritis (JIA). TNFα-inhibitors have a reliable and fast anti-
inflammatory effect, ability to decrease the pain and they do 
not impact bone metabolism and do not persist in bone as 
bisphosphonates. TNFα-inhs officially approved in several 
rheumatic conditions such as juvenile idiopathic arthritis, 
psoriasis, psoriatic arthritis and IBD, which may associate 
with CNO, so one kind of treatment required to treat both 
conditions in CNO associated with someone. Some concerns 
with applying biologics are related to increased risk of infec-
tions, especially tuberculosis, risks of malignancy, which 
required further randomized trials.
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Conclusion

The efficacy of treatment approaches for CNO depended 
on the severity of the disease. NSAID, methotrexate, and 
sulfasalazine were effective in forms without spine involve-
ment, but pamidronate and TNF-a inhibitors were useful in 
vertebral forms of CNO. Pamidronate and TNFa inhibitors 
more extensively suppressed CNO activity. The randomized 
controlled trials for assessment of the efficacy and safety 
of these medications is mandatory to confirm these results.

Author contributions  All authors were involved in drafting the article 
or revising it critically. All authors approved the final version to be 
submitted for publication. Dr. Kostik, Dr. Kopchak, and Dr. Mushkin 
had full access to all of the data in the study and took responsibility for 
the integrity of the data and the accuracy of the data analysis. Study 
conception and design: Kostik, Kopchak, Mushkin. Acquisition of 
data: Kostik, Kopchak, Chikova, Isupova. Analysis and interpretation 
of data: Kostik, Kopchak, Mushkin.

Funding  This work supported by the Russian Foundation for Basic 
Research (Grant No. 18-515-57001).

Compliance with ethical standards 

Informed consent  Informed consent obtained from all parents/guard-
ians of minors participating in the study according to the declaration 
of Helsinki.

Ethical approval  The study was approved by the local Ethics Commit-
tee of St.-Petersburg State Pediatric University (protocol number 10/8 
from 23.10.2017).

Conflict of interest  The authors declare that they have no conflict of 
interests.

References

	 1.	 Stern SH, Ferguson PJ (2013) Autoinflammatory bone diseases. 
Rheum Dis Clin North Am 39:735–749

	 2.	 Wipff J, Costantino F, Lemelle I, Pajot C, Duquesne A, Lorrot 
M, Faye A, Bader-Meunier B, Brochard K, Despert V, Jean S, 
Grall-Lerosey M, Marot Y, Nouar D, Pagnier A, Quartier P, Job-
Deslandre C (2015) A large national cohort of French patients 
with chronic recurrent multifocal osteitis. Arthritis Rheumatol 
67:1128–1137

	 3.	 Jansson A, Renner ED, Ramser J, Mayer A, Haban M, Meindl 
A, Grote V, Diebold J, Jansson V, Schneider K, Belohradsky BH 
(2007) Classification of non-bacterial osteitis retrospective study 
of clinical, immunological and genetic aspects in 89 patients. 
Rheumatology 46:154–160

	 4.	 Laxer RM, Shore AD, Manson D, King S, Silverman ED, Wil-
mot DM (1988) Chronic recurrent multifocal osteomyelitis and 
psoriasis—a report of a new association and review of related 
disorders. Semin Arthritis Rheum 17:260–270

	 5.	 Schilling F, Marker-Hermann E (2003) Chronic recurrent multifo-
cal osteomyelitis in association with chronic inflammatory bowel 
disease: entheropathic CRMO. Z Rheumatol 62:527–538

	 6.	 Borzutzky A, Stern S, Reiff A, Zurakowski D, Steinberg EA, 
Dedeoglu F, Sundel RP (2012) Pediatric chronic nonbacterial 

osteomyelitis. Pediatrics 130(5):e1190–e1197. https​://doi.
org/10.1542/peds.2011-3788

	 7.	 Hofmann SR, Schwarz T, Möller JC, Morbach H, Schnabel A, 
Rösen-Wolff A, Girschick HJ, Hedrich CM (2011) Chronic non-
bacterial osteomyelitis is associated with impaired Sp1 signal-
ing, reduced IL10 promoter phosphorylation and reduced myeloid 
IL-10 expression. Clin Immunol 141:317–327

	 8.	 Hofmann SR, Rösen-Wolff A, Tsokos GC, Hedrich CM (2012) 
Biological properties and regulation of IL-10 related cytokines 
and their contribution to autoimmune disease and tissue injury. 
Clin Immunol 143:116–127

	 9.	 Scianaro R, Insalaco A, Bracci Laudiero L, De Vito R, Pezzullo 
M, Teti A, De Benedetti F, Prencipe G (2014) Deregulation of the 
IL-1β axis in chronic recurrent multifocal osteomyelitis. Pediatr 
Rheumatol 12:30. https​://doi.org/10.1186/1546-0096-12-30

	10.	 Morbach H, Hedrich CM, Beer M, Girschick HJ (2013) Autoin-
flammatory bone disorders. Clin Immunol 147:185–196

	11.	 Eleftheriou D, Gerschman T, Sebire N, Woo P, Pilkington CA, 
Brogan PA (2010) Biologic therapy in refractory chronic non-bac-
terial osteomyelitis of childhood. Rheumatology 49(8):1505–1512

	12.	 Tronconi E, Miniaci A, Baldazzi M, Greco L, Pession A (2018) 
Biologic treatment for chronic recurrent multifocal osteomyelitis: 
report of four cases and review of the literature. Rheumatol Int 
38:153–160

	13.	 Sato H, Wada Y, Hasegawa E, Nozawa Y, Nakatsue T, Ito T, 
Kuroda T, Saeki T, Umezu H, Suzuki Y, Nakano M, Narita I 
(2017) Adult-onset chronic recurrent multifocal osteomyelitis 
with high intensity of muscles detected by magnetic resonance 
imaging, successfully controlled with tocilizumab. Intern Med 
56:2353–2360

	14.	 Gabay C, Palmer G (2009) Mutations in the IL1RN locus lead to 
autoinflammation. Nat Rev Rheumatol 9:480–482

	15.	 Herlin T, Fiirgaard B, Bjerre M, Kerndrup G, Hasle H, Bing X, 
Ferguson PJ (2013) Efficacy of anti-IL-1 treatment in Majeed syn-
drome. Ann Rheum Dis 72:410–413

	16.	 Aksentijevich I, Masters SL, Ferguson PJ et al (2009) Autoin-
flammatory disease with deficiency of the interleukin-1-receptor 
antagonist. N Engl J Med 360:2426–2437

	17.	 Girschick H, Finetti M, Orlando F, Schalm S, Insalaco A, Gan-
ser G, Nielsen S, Herlin T, Koné-Paut I, Martino S, Cattalini M, 
Anton J, Mohammed Al-Mayouf S, Hofer M, Quartier P, Boros 
C, Kuemmerle-Deschner J, Pires Marafon D, Alessio M, Schwarz 
T, Ruperto N, Martini A, Jansson A, Gattorno M (2018) The mul-
tifaceted presentation of chronic recurrent multifocal osteomyeli-
tis: a series of 486 cases from the Eurofever international regis-
try. Paediatric Rheumatology International Trials Organisation 
(PRINTO) and the Eurofever registry. Rheumatology 57(8):1504. 
https​://doi.org/10.1093/rheum​atolo​gy/key14​3

	18.	 Jansson AF, Müller TH, Gliera L, Ankerst DP, Wintergerst U, 
Belohradsky BH, Jansson V (2009) Clinical score for nonbacterial 
osteitis in children and adults. Arthritis Rheum 60:1152–1159

	19.	 Beck C, Morbach H, Beer M, Stenzel M, Tappe D, Gattenlöhner 
S, Hofmann U, Raab P, Girschick HJ (2010) Chronic nonbacterial 
osteomyelitis in childhood: prospective follow-up during the first 
year of anti-inflammatory treatment. Arthritis Res Ther 12(2):R74

	20.	 Hospach T, Langendoerfer M, von Kalle T, Maier J, Dannecker 
GE (2010) Spinal involvement in chronic recurrent multifocal 
osteomyelitis (CRMO) in childhood and effect of pamidronate. 
Eur J Pediatr 169:1105–1111

	21.	 Schnabel A, Range U, Hahn G, Berner R, Hedrich CM (2017) 
Treatment response and longterm outcomes in children with 
chronic nonbacterial osteomyelitis. J Rheumatol 44:1058–1065

	22.	 Roderick MR, Shah R, Rogers V, Finn A, Ramanan AV (2016) 
Chronic recurrent multifocal osteomyelitis (CRMO)—advancing 
the diagnosis. Pediatr Rheumatol 14:47. https​://doi.org/10.1186/
s1296​9-016-0109-1

https://doi.org/10.1542/peds.2011-3788
https://doi.org/10.1542/peds.2011-3788
https://doi.org/10.1186/1546-0096-12-30
https://doi.org/10.1093/rheumatology/key143
https://doi.org/10.1186/s12969-016-0109-1
https://doi.org/10.1186/s12969-016-0109-1


96	 Rheumatology International (2019) 39:89–96

1 3

	23.	 Kaiser D, Bolt I, Hofer M, Relly C, Berthet G, Bolz D, Sauren-
mann T (2015) Chronic nonbacterial osteomyelitis in children: a 
retrospective multicenter study. Pediatr Rheumatol Online J 13:25. 
https​://doi.org/10.1186/s1296​9-015-0023-y

	24.	 Abril JC, Ramirez A (2007) Successful treatment of chronic recur-
rent multifocal osteomyelitis with indometacin. J Pediatr Orthop 
27:587–591

	25.	 Bellido T, Plotkin LI (2011) Novel actions of bisphosphonates 
in bone: preservation of osteoblast and osteocyte viability. Bone 
49:50–55

	26.	 Santra G, Sarkar RN, Phaujdar S, Banerjee S, Siddhanta S (2010) 
Assessment of the efficacy of pamidronate in ankylosing spondy-
litis: an open prospective trial. Singap Med J 51:883–887

	27.	 Miettunen P, Wei X, Kaura D, Reslan WA, Aguirre AN, Kellner 
JD (2009) Dramatic pain relief and resolution of bone inflamma-
tion following pamidronate in 9 pediatric patients with persistent 
chronic recurrent multifocal osteomyelitis (CRMO). Pediatr Rheu-
matol 7:2. https​://doi.org/10.1186/1546-0096-7-2

	28.	 Hofmann C, Wurm M, Schwarz T, Neubauer H, Beer M, Girschick 
H, Morbach H (2014) A standardized clinical and radiological 
follow-up of patients with chronic non-bacterial osteomyelitis 
treated with pamidronate. Clin Exp Rheumatol 32(4):604–609

	29.	 Zhao Y, Wu EY, Oliver MS, Cooper AM, Basiaga ML, Vora SS, 
Lee TC, Fox E, Amarilyo G, Stern SM, Dvergsten JA, Haines KA, 
Rouster-Stevens KA, Onel KB, Cherian J, Hausmann JS, Miet-
tunen P, Cellucci T, Nuruzzaman F, Taneja A, Barron KS, Hol-
lander MC, Lapidus SK, Li SC, Ozen S, Girschick H, Laxer RM, 
Dedeoglu F, Hedrich CM, Ferguson PJ, Chronic Nonbacterial 

Osteomyelitis/Chronic Recurrent Multifocal Osteomyelitis Study 
Group and the Childhood Arthritis and Rheumatology Research 
Alliance Scleroderma, Vasculitis, Autoinflammatory and Rare 
Diseases Subcommittee (2017) Consensus treatment plans for 
chronic nonbacterial osteomyelitis refractory to nonsteroidal anti-
inflammatory drugs and/or with active spinal lesions. Arthritis 
Care Res (Hoboken). https​://doi.org/10.1002/acr.23462​

	30.	 Papapoulos SE, Cremers SC (2007) Prolonged bisphosphonate 
release after treatment in children. N Engl J Med 356:1075–1076

	31.	 Patlas N, Golomb G, Yaffe P, Pinto T, Breuer E, Ornoy A (1999) 
Transplacental effects of bisphosphonates on fetal skeletal ossifi-
cation and mineralization in rats. Teratology 60:68–73

	32.	 Minsker DH, Manson JM, Peter CP (1993) Effects of the bis-
phosphonate, alendronate, on parturition in the rat. Toxicol Appl 
Pharmacol 121:217–223

	33.	 Graepel P, Bentley P, Fritz H, Miyamoto M, Slater SR (1992) 
Reproduction toxicity studies with pamidronate. Arzneimittel-
forschung 42:654–667

	34.	 Djokanovic N, Klieger-Grossmann C, Koren G (2008) Does 
treatment with bisphosphonates endanger the human pregnancy? 
Obstet Gynaecol Can 30:1146–1148

	35.	 Green SB, Pappas AL (2014) Effects of maternal bisphospho-
nate use on fetal and neonatal outcomes. Health Syst Pharm 
71:2029–2036

	36.	 Deutschmann A, Mache CJ, Bodo K, Zebedin D, Ring E (2005) 
Successful treatment of chronic recurrent multifocal osteo-
myelitis with tumor necrosis factor alpha blockage. Pediatrics 
116:1231–1233

https://doi.org/10.1186/s12969-015-0023-y
https://doi.org/10.1186/1546-0096-7-2
https://doi.org/10.1002/acr.23462

	Comparison of different treatment approaches of pediatric chronic non-bacterial osteomyelitis
	Abstract
	Introduction
	Patients and methods
	Outcomes assessment
	Statistics

	Results
	Treatment assessment

	Discussion
	Conclusion
	References


