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Whole-body MRI Quantification for Assessment of Bone 
Lesions in Chronic Nonbacterial Osteomyelitis Patients 
Treated With Pamidronate: A Prevalence, Reproducibility,  
and Responsiveness Study
Jyoti Panwar1, Mirkamal Tolend2, Lillian Lim3, Shirley M. Tse4, Andrea S. Doria2, Ronald M. Laxer4, 
and Jennifer Stimec2

ABSTRACT. Objective. The purpose of this study was (1) to assess the interreader reliability in detecting and scoring 
the inflammatory bone lesions in pediatric patients with chronic nonbacterial osteomyelitis (CNO) by 
using whole-body magnetic resonance imaging (WB-MRI), and (2) to evaluate the responsiveness of the  
MRI-detected CNO lesions to pamidronate therapy.

 Methods. Eighty-eight WB-MRI examinations were independently reviewed and scored by 2 radiologists 
blinded to clinical details in 32 retrospectively enrolled pediatric patients with CNO. Inflammatory bone 
lesions, soft tissue abnormality, and bony structural changes were scored before and after pamidronate 
therapy. Lesion responsiveness was calculated by using standardized response mean and interreader reliability 
was assessed by k statistics. 

 Results. There was good to excellent interreader agreement for the detection and quantification of bone 
lesions. After the first cycle of pamidronate in all 32 patients, 96 of the 279 lesions (34%; after excluding 
108 lesions of hand and feet) resolved, whereas in a subset of 11 patients with 2 or more cycles, 76% of 
lesions resolved after the second cycle. Twenty-one (7.5%) lesions worsened and 46 (16.4%) new lesions 
developed after 1 cycle in all 32 patients. In these 11 patients, the number of worsened lesions reduced to 
2 (2%) and new lesions to 14 (14.9%) after the second cycle as detected on MRI. Vertebral lesions had the 
highest response to treatment.

 Conclusion. WB-MRI is a reliable tool for objective quantification and assessment of response to treat-
ment of pediatric CNO bone lesions and could be used to monitor disease activity for clinical and research 
purposes.

 Key Indexing Terms: chronic nonbacterial osteomyelitis, magnetic resonance imaging, pamidronate,  
reliability/reproducibility of results, responsiveness, scoring system
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Chronic nonbacterial osteomyelitis (CNO), also known as 
chronic recurrent multifocal osteomyelitis (CRMO), is a rare 
inflammatory bone disorder characterized by relapsing and 
remitting aseptic bone lesions1,2. It occurs primarily in chil-
dren and adolescents who present with recurrent nonspecific 
osseous pain and swelling, and may sometimes be associated 
with systemic symptoms such as fever, weight loss, and general-
ized malaise3,4. The median age of disease onset is 10 years with a 
predilection for females5. The etiology remains unclear and it is 
presumed to be an autoinflammatory disorder2,6. It can be asso-
ciated with SAPHO (synovitis, acne, pustulosis, hyperostosis, 
osteitis) syndrome6, inflammatory bowel disease7, psoriasis8, and 
sacroiliitis9,10. CNO usually affects the metaphysis of tubular 
bones, mainly the lower extremities, followed by the clavicle 
and spine11,12,13. Several imaging methods can be used to assess 
CNO lesions including radiographs, computed tomography, 
magnetic resonance imaging (MRI), and bone scintigraphy14,15. 
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MRI is more sensitive than radiographs in the early detection 
of bone and soft tissue inflammatory lesions of CNO, which is 
important for diagnosis and institution of appropriate manage-
ment to ensure improved patient outcomes and quality of life16.
 Approximately 80% of patients respond to treatment with 
nonsteroidal antiinflammatory drugs (NSAID)17,18,19 and the 
remainder may be treated with second-line therapy including 
sulfasalazine, methotrexate17,19, corticosteroids17,19, bisphospho-
nates20,21, and biologic agents18,21,22. Fluid-sensitive, fat-saturated 
whole-body (WB)-MRI sequences are highly sensitive and 
specific in demonstrating active disease along with the extent 
of the lesions and are proven to be very effective for initial and 
follow-up diagnostics for children with CNO23,24,25,26. There 
have only been a few studies that have evaluated the treatment 
response of patients with CNO on WB-MRI26,27,28,29,30,31 or the 
efficacy of pamidronate as second-line therapy of CNO27,28,29,30,31. 
Despite the frequent application of WB-MRI in the assessment 
of CNO lesions, there is only 1 previous consensus-driven study 
published regarding the comprehensive quantification of disease 
by scoring these bone lesions and evaluating the interrater reli-
ability32. There is no published study comparing the total skel-
eton disease load pre- and posttreatment by using the WB-MRI 
grading and scoring system. Hence, this study attempted to eval-
uate the interobserver reliability and to assess the response to 
pamidronate in pediatric CNO by utilizing the WB-MRI quan-
tification system.

MATERIALS AND METHODS
This retrospective study was undertaken at a large pediatric quaternary 
care referral center and approved by the institutional research ethics board 
(No. 1000044463). The consent from all patients was waived owing to the 
retrospective features of the study. WB-MRI is a routine investigation at our 
institution, utilized for initial diagnosis and follow-ups to evaluate the effect 
of drug therapy on pediatric CNO lesions. 
Patient selection. The patients identified and included in the study were 
all <  18 years, had a clinical (fulfilling the Bristol Criteria)33,34 and/or  
biopsy-proven diagnosis of CNO, were followed in the Rheumatology 
Clinic at The Hospital for Sick Children, and underwent pre- and post-
pamidronate WB-MRI examinations within a period of 12 months from 
May 2010 to June 2017. WB-MRI were obtained before and after comple-
tion of each cycle of pamidronate infusions. Children whose symptoms 
failed to be controlled with NSAID for at least 1 month were treated with 
intravenous pamidronate at a dose of 1 mg/kg/day (maximum 60 mg/day) 
once per month for 3 months. Some patients were treated with additional 
cycles depending on clinical and radiographic responses. If the response to 
pamidronate was suboptimal or in the presence of a disease flare, patients 
were then switched to a tumor necrosis factor (TNF) blocker [either adali-
mumab (ADA) or etanercept (ETN)]. A total of 88 WB-MRI studies were 
analyzed in the 32 patients included in the study. Eleven patients received 
> 1 cycle of pamidronate treatment and thus completed > 1 follow-up MRI 
examination (Supplementary Figure 1, available with the online version of 
this article). All the posttreatment MRI were done at an average period of 
5 months after each cycle of pamidronate therapy. Demographic, pre- and 
posttreatment clinical, relevant laboratory data, and other therapy details 
were retrieved from our electronic database. 
MRI protocol. All MRI studies were performed on a 1.5-T MRI system 
(Magnetom Avanto, Siemens), with a “WB-MRI CRMO” institutional 
protocol used for the evaluation of CRMO. All examinations were 
performed with a dedicated multichannel surface coil system, with the 

patient in the supine position and their hands being held by the side of 
their body. The integrated multichannel surface coil system allowed for 
the contiguous scanning. All exams included T2 single short-tau inversion 
recovery (STIR) coronal sequences at multiple stations covering the whole 
body from vertex to toes with the patient free-breathing. The coronal T2 
STIR sequence was performed with the following variables: repetition time 
(TR) 3000 ms, echo time (TE) 60 ms, inversion time (TI) 165 ms, field of 
view (FOV) 400–500 mm, matrix 380 × 290, slice thickness 5 mm with 
1-mm gap, number of signal averages (NEX) 6, echo train length (ETL) 26, 
and pixel bandwidth 446 Hz. The approximate scan time for each station 
was 5 min. The T2 STIR sagittal sequence of the spine was acquired at 2 
stations and the time for each station was 5 min. The total scan time varied 
from 35 to 40 min depending on the child’s height.
MRI assessment. Before the study, 2 pediatric musculoskeletal (MSK) radiol-
ogists ( JS and JP) with > 5 years of experience in reading MSK MRI were 
familiarized with the MRI scoring protocol in a trial involving 10 patients 
who were not part of the study. Both the MSK radiologists are also members 
of an international CNO working group. Each radiologist independently 
interpreted and scored the MRI using a standard picture archiving and 
communication system (PACS) workstation (GE Medical Solutions) in 
random order, blinded to clinical and treatment details. 
Selection of anatomical locations for assessment. We grouped the locations 
into the head (skull and mandible), shoulder girdle (clavicle and scapula), 
thorax (sternum and ribs), upper (humerus, radius, and ulna) and lower 
(femur, tibia, and fibula) extremities, hand (carpals, metacarpals, and 
phalanges), feet (tarsals, metatarsals, and phalanges), pelvis (ilium, sacrum, 
coccyx, periacetabulum, and ischium and/or pubis) and spine (from C1 
to L5 vertebrae). For scoring purposes, all the long tubular bones of the 
upper and lower limbs were divided into 3 main regions: proximal epime-
taphysis, diaphysis, and distal epimetaphysis. The lesions of the bones of the 
hands and feet were counted and scored by the number of involved bones. 
The head region (consisting of the right and left halves of the skull and 
mandible), shoulder girdle (including each side of the clavicle and scapula), 
right- and left-sided ribs, sternum, vertebrae from C1 to L5, and each side 
of the sacrum and iliac bones, coccyx, right and left-sided periacetabular, 
and ischium and/or pubis bone segments (considered as one region) were 
scored. Additionally, the presence and absence of the involvement of the 
posterior element of the spine was recorded and scored.
Definitions and grading of item selection for the selected locations. The diag-
nostic item selections and definitions were decided based on the previ-
ously published MRI-based definitions in CNO and the Spondyloarthritis 
Research Consortium of Canada scoring system for sacroiliitis studies26,27,35,36. 
Bone lesions were defined as abnormal hyperintensity of the bone marrow 
on STIR images compared to surrounding normal marrow. The presence of 
hyperintensity in the surrounding soft tissue was also recorded as soft tissue 
inflammation. Bone marrow signal size, signal intensity, adjacent soft tissue 
high signal, and bone expansion were selected as the key pathologic items for 
scoring the CNO lesions. Images were evaluated for the presence of focal, 
high-signal intensity in all STIR sequences. Subsequently, these marrow 
signal abnormalities at all the relevant anatomic locations were analyzed and 
scored for size and signal intensity, presence of soft tissue hyperintensity, and 
bony expansion or collapse (in the spine) as shown in Figure 1, Figure 2, and 
Figure 3. These were further graded/scored as shown in the data collection 
sheet in Supplementary Table  1 (available with the online version of this 
article). The worst/highest signal intensity of bone marrow was recorded 
in the area of involvement/or the given bone segment as shown in Figure 
1. The scoring of signal size was conducted based on the percentage of the 
whole segment of bone evaluated on the images after reviewing all images by 
scrolling back and forth on PACS.
Clinical assessment. There are no standard or specific outcome measures to 
assess the clinical disease burden in patients with CNO. In this study, all 
patients were evaluated for bony tenderness and swelling and the number of 
affected CNO sites was recorded. All available surrogate clinical outcome 
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measures were retrieved and analyzed pre- and posttreatment, which 
included presence or absence of bone pain, localized swelling, arthritis, 
rash, enthesitis, uveitis, systemic symptoms (fever, weight loss, fatigue, 
and gastrointestinal symptoms), and visual analog scale (VAS) score for 
pain. Laboratory variables including serum calcium, alkaline phosphatase, 
C-reactive protein, erythrocyte segmentation rate, serum C-telopeptide 
(ng/L), and bisphosphonate treatment with pamidronate details were 
recorded as shown in Supplementary Table 2 (available with the online 
version of this article). 
Statistical analysis. Descriptive analysis was performed to assess the 

prevalence of CNO lesions at each proposed anatomical region. Any bone 
region (defined as per Supplementary Table 1, available with the online 
version of this article) to which a score of ≥ 1 was given by either of the 2 
observers on the first pretreatment WB-MRI of the patient was counted 
to provide a sensitive estimate of the relative distribution of lesions. For 
assessment of detection of lesions, the interreader agreement was calculated 
using kappa coefficient (κ), by dichotomizing the 0–4 and 0–2 ordinal 
grades to 0 and 1, collapsing all nonzero grades. For the quantification of 
the lesion, the interreader agreement was conducted on the nonzero grades 
using κ statistics. The interrater reliability was considered excellent if the κ 

Figure 1. Grading of severity of different items used for assessment of CNO lesions of long tubular bones. The items (bone marrow signal size, signal intensity, 
adjacent soft tissue high signal, and bone expansion) were analyzed using the proposed grading system. Coronal T2 STIR images obtained through the distal 
tibiae in 5 different patients are shown. (A) A 13-year-old boy with no bone marrow signal changes resulting in a bone marrow signal size score of 0. (B) A 
10-year-old girl with bone marrow signal size scored as grade 1 (< 25 % of distal epimetaphysis segment of the tibia). (C) An 11-year-old girl with bone marrow 
signal size scored as grade 2 (25–49% of epimetaphysis). (D) A 12-year-old boy with bone marrow signal size scored as grade 3 (50–74% of epimetaphysis). 
(E) A 9-year-old girl with bone marrow signal size scored as grade 4 (75–100% of epimetaphysis). The worst signal intensity of the involved bone segment was 
taken into consideration for the grading of signal intensity of the lesion as depicted in panels C and E, where marrow signal intensity is equal to the signal of the 
adjacent ankle joint fluid and hence scored as grade 2. Note the presence of surrounding soft tissue high signal received a grade of 1 in panels D and E. Hence 
the following scores were obtained: (A) 0; (B) 1; (C) 2 + 2 = 4; (D) 3 + 1 = 4; (E) 4 + 2 + 1 = 7. CNO: chronic nonbacterial osteomyelitis; STIR: short-tau 
inversion recovery.

Figure 2. Presence of bone expansion and bone collapse. (A) Coronal T2 STIR image through the neck and chest in a 14-year-old boy with CNO demonstrates 
diffuse confluent marrow high signal and expansion of the medial half of right clavicle (long arrow) as compared to the normal contralateral clavicle (short 
arrow); accumulated an additional score of 1. (B–C) Sagittal T2 STIR images of the thoraco-lumbar spine in a 15-year-old boy show < 50% collapse of the L3 
vertebra received a score of 1 whereas > 50% collapse of the involved T9 vertebra (mainly in the central part) received a score of 2. (D) Sagittal T2 STIR image 
of the cervical spine in a 6-year-old girl demonstrates completely flattened C5 vertebra (vertebra plana) receiving a score of 3. CNO: chronic nonbacterial osteo-
myelitis; STIR: short-tau inversion recovery. 
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was > 0.80, good if it was 0.61–0.80, moderate if 0.41–0.60, and poor if 
≤ 0.40. A bootstrapping method with 1000 resampling iterations was used 
to determine the 95% CI for the κ coefficients. Correlation between the 
bone lesion signal size and signal intensity was calculated using Spearman 
correlation coefficients. 
 Responsiveness was calculated using standardized response mean 
(SRM), defined as the mean change score over the SD of change score. The 
2 scores from the 2 readers were averaged for each WB-MRI evaluation for 
pre- and posttreatment WB-MRI scores. All available treatment intervals 
of each patient were included for analysis. The absolute value of SRM was 
interpreted as large effect if > 0.8, moderate effect if 0.8–0.5, small effect if 
0.5–0.2, and no effect if < 0.2. Data analysis was performed using the SPSS 
version 23.0 (IBM Corp.). In all analyses, P values < 0.05 were considered 
statistically significant. 

RESULTS
Thirty-two patients were included in this study and baseline 
characteristics are summarized in Supplementary Table 2 (avail-
able with the online version of this article). The VAS score for 
pain was available for 19 of the 32 patients before and after their 
first cycle of pamidronate treatment. Median VAS score for pain 
pretreatment was 3.6 (IQR 0.7–5.6) and posttreatment was 0.9 
(IQR  0.1–3.8). The median within-patient change in the VAS 
score was –1.0 (IQR  –3.7 to 0.0), corresponding to a SRM 
of –0.52, indicating moderate effect size. Twenty-one (66%) 

patients received 1 cycle of pamidronate, 8 patients received 
2 cycles, and 2 and 1 patients received third and fourth cycles, 
respectively, because of persistent symptomatic extensive disease 
including spinal lesions. Pre- and posttreatment WB-MRI exam-
inations were obtained after each cycle in all except 6 patients (3 
pre- and posttreatment MRI were available in 5 patients who had 
2 cycles and 5 MRI in 1 patient with 3 cycles of pamidronate) as 
described in Supplementary Figure 1 (available with the online 
version of this article). Thirty-one patients (96.9%) underwent a 
trial of NSAID as initial therapy, 6 patients (18.8%) received a 
short course of corticosteroid at initial presentation before confir-
mation of diagnosis. Three patients (9.4%) had a trial of biologic 
therapy for suspected juvenile idiopathic arthritis ( JIA) before 
CNO diagnosis, and 3 (9.4%) others received disease-modifying 
antirheumatic drugs (DMARD). The results are reported below 
in 3 parts: (1) prevalence of lesions; (2) reliability of MRI assess-
ment scoring system; and (3) MRI responsiveness to pamidronate 
therapy. Treatment response was assessed separately according to 
1, 2, 3, and 4 pamidronate cycles in 32, 11, 3, and 1 patient, respec-
tively. Ten patients (31%) with radiological evidence of persistent 
disease or presence of disease flare were started on a TNF blocker 
(8 on ADA and 2 on ETN) after the follow-up MRI. One addi-
tional patient was commenced on ETN for associated JIA. 

Figure 3. Examples of grading of different body regions for assessment of CNO lesion in different patients. (A) Sagittal T2 STIR 
image of the cervicothoracic spine in a 13-year-old girl shows multifocal vertebral involvement. Scores for C5 (SS + SI + C + PE = 
4 + 1 + 0 + 0) = 5; T1 (4 + 2 + 0 + 1) = 7; T2 (4 + 1 + 1 + 0) = 6; T6 (4 + 1 + 0 + 0) = 5; and T7 (1 + 1 + 0 + 0) = 2. (B) Coronal 
T2 STIR image of the pelvis in an 11-year-old girl shows a score of 7 (SS + SI + ST + BE = 4 + 2 + 1 + 0) for the right-sided peria-
cetabular lesion. Signal intensity (small black arrow) which is equal to the fluid in the urinary bladder received a score of 2 whereas 
presence of soft tissue hyperintensity (long black arrow) received a score of 1. The dotted line shows the watershed border between the 
iliac and periacetabular regions. Thus, the right iliac lesion received a score of 4 (i.e., 2 + 1 + 1 + 0). (C) Coronal T2 STIR image in a 
15-year-old girl depicts presence of focal marrow hyperintensity in the first metacarpal (short white arrow) and received a score of 1. 
Note that the iliac bone lesion (long white arrow) is also seen in the same patient. (D–E) Sagittal images through the right foot in a 
15-year-old boy received a score of 3 for the 3 involved bones. The other items were not recorded for small bones of feet and hand. BE: 
bone expansion; C: collapse; CNO: chronic nonbacterial osteomyelitis; PE: posterior element; SI: signal intensity; SS: signal size; 
ST: soft tissue; STIR: short-tau inversion recovery.
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Prevalence of lesions. Most lesions demonstrated multifocal 
ill-defined bone marrow hyperintensity on STIR images and 
were typically situated in the metaphyseal and epiphyseal regions 
adjacent to a growth plate of tubular bones. On WB-MRI STIR 
sequences, a total of 387 bone lesions (including 108 hand 
and feet bone lesions) were detected in 32 patients on baseline 
MRI examinations, before treatment with pamidronate. Lower 
limb regions were most commonly affected and occurred, in 
descending order, in the distal tibial metaepiphysis (66%), prox-
imal tibial metaepiphysis (50%), distal femur metaepiphysis 
(50%), and distal fibular metaepiphysis (31%). Upper extremity 
involvement was considerably less common, affecting the distal 
ulnar and radial metaepiphysis in 20%. Among the axial sites, the 
sacrum (33%) was the most commonly affected site. The spine, 
clavicle, mandible, skull, sternum, and ribs were also involved to 
a variable extent. There was only 1 case of isolated coccygeal and 
ulnar diaphyseal involvement, whereas no lesions were found in 
the fibular and radial diaphysis and proximal radial metaepiph-
ysis within this cohort. The detailed distribution of lesions is 
shown in Supplementary Table 3 (available with the online 
version of this article).
 High signal intensity within the surrounding soft tissues was 
observed in 47 lesions on the baseline studies (Supplementary 
Table 3, available with the online version of this article), predom-
inantly adjacent to tubular bones of lower limbs (26 of 640 
locations examined in the legs), followed by pelvis (particularly 
along the periacetabular region), clavicle, mandible, and spine. 
The bony expansion was present in 11 studied regions in base-
line WB-MRI and typically seen with clavicle and mandible. The 
bone collapse in the spine was commonly seen in the thoracic 
spine (3 of 9 involved thoracic vertebrae).
Reliability of MRI assessment of lesions. For the detection of the 
lesions, interreader agreement on the detection of bone marrow 
lesions was excellent for all the body regions, with κ ranging 
from 0.93 to 1.00, as shown in Table 1. Soft tissue changes and 
bone expansion or collapse were too infrequently observed in 
this sample to estimate interreader agreement. Interreader reli-
ability of detection of bone marrow lesions, soft tissue lesions, 
bone expansion or collapse (in the spine), and posterior element 

involvement (in spine lesion) scores were assessed based on the 
images from the first pretreatment MRI of 32 patients. CIs are 
derived from 1000 bootstrap resamplings. A lesion was counted 
if either of the 2 readers rated the bone region as nonzero for the 
specific finding.
 For the quantification of the lesions, there was excellent 
interreader agreement on both the quantification of size and 
signal intensity of bone lesions in the arms and legs. There was 
perfect agreement on the size quantification of bone lesions in 
the pelvis, but moderate agreement on the signal intensity assess-
ment (Table 1). Perfect agreement was observed for both size 
and intensity in the 18 spine lesions observed. Perfect agreement 
was observed in the size of lesions in the shoulder girdle, with 
good agreement on signal intensity. Lesion counts were low in 
the head and thorax in these patients, precluding more precise 
agreement estimates.
Responsiveness of MRI-detected lesions to pamidronate. Response 
to pamidronate therapy was quantified for the first pamidronate 
cycle for all 32 patients using SRM of the change in the size and 
intensity of the bone lesion signal, separated by the body region. 
The majority of the bone marrow lesions were seen in the upper 
and lower limbs and pelvis. After the first cycle of pamidronate, 
both the signal size and intensity of these lesions showed a small 
response to therapy in the shoulder girdle and the lower limb 
lesions, whereas in lesions of the upper limb and pelvis, the treat-
ment response was not significant for either of these features. 
Lesions in the spine showed the highest response to treatment 
(Figure  4), at a decrease of 0.987  SRM for the signal size and 
0.922 for signal intensity for the 20 lesions studied (Table  2). 
Responsiveness was high also in the skull and thorax, although 
the number of observed lesions was low in these regions. After 
the first cycle, 96 of the 279 lesions resolved (34%), whereas in 
the subset of 11 patients who underwent 2 or more cycles, 76% 
of lesions resolved after the second cycle. Twenty-one (7.5%) 
lesions worsened and 46 (16.4%) new lesions developed after 1 
cycle (in all 32 patients); the number of worsened lesions reduced 
to 2 (2%) and new lesions to 14 (14.9%) after the second cycle 
in 11 patients (Supplementary Table 4, available with the online 
version of this article).

Table 1. Interreader agreement on the detection and assessment of the size and signal intensity of bone marrow lesions on the first pretreatment MRI of 32 pedi-
atric patients with CNO.

 No. Regions                      Bone Marrow Lesions, k (95% CI)  Soft Tissue  Bone Expansion/
 Examined     Hyperintensity Collapsea 

  N Presence Signal Size Signal Intensity N k (95% CI) N k (95% CI)

Head 128 6 1.00 (1.00–1.00) 0.76 (.36–1.00) 0.57 (0.00–1.00) 2 1.00 (1.00–1.00) 2 0.80 (0.00–1.00)
Shoulder girdle 128 13 0.96 (0.85–1.00) 0.88 (0.56–1.00) 0.60 (0.18–1.00) 4 1.00 (1.00–1.00) 3 1.000 (1.00–1.00)
Thorax 96 4 1.00 (1.00–1.00) – 0.00 (–0.60–1.00) 0 – 0 –
Pelvis 288 45 0.97 (0.94–1.00) 0.92 (0.79–1.00) 0.47 (0.21–0.70) 7 0.75 (0.00–1.00) 1 0.50 (0.00–1.00)
Upper limbs 576 38 0.93 (0.86–0.99) 0.65 (0.44–0.83) 0.61 (0.36–0.82) 1 1.00 (1.00–1.00) 1 1.00 (1.00–1.00)
Lower limbs 640 155 0.98 (0.96–1.00) 0.80 (0.71–0.87) 0.75 (0.64–0.85) 26 0.82 (0.66–0.93) 4 0.72 (0.33–1.00)
Spine 768 18 0.97 (0.90–1.00) 0.88 (0.63–1.00) 0.83 (0.29–1.00) 2 1.00 (1.00–1.00) 5 0.80 (0.00–1.00)

a Bone collapse is measured for spine, whereas bone expansion is measured for other regions. CNO: chronic nonbacterial osteomyelitis; MRI: magnetic reso-
nance imaging.  
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DISCUSSION
CNO is a painful, autoinflammatory osteitis, which may have a 
protracted course over the years, and is managed using a variety 
of treatments including NSAID, nonbiologic DMARD, corti-
costeroids, bisphosphonates, and biologic agents. Previously, 
bisphosphonates have shown effective and rapid pain relief in 
pediatric patients with persistent CNO, including improve-
ment of bone lesions on serial MRI28. Bisphosphonates act as 
analgesic agents inhibiting bone resorption and have antiin-
flammatory properties as well37. They have been used in adults 
and children in many bone disorders associated with significant 
osteopenia38. 
 Our study presented data on interreader agreement on the 

detection and quantification of bone lesions and MRI response 
to pamidronate in pediatric patients with CNO with ongoing 
disease activity despite antiinflammatories. CNO lesions are 
most frequently seen to involve the metaepiphysis of tubular 
bones, pelvic bones, small bones of feet, spine, and clavicles 
in the present study, and this is in agreement with previous 
studies14,39,40,41. This study examined the efficacy of pamidro-
nate by comparing the pre– and post–WB-MRI bone lesions 
in pediatric patients with CNO. Overall, pamidronate therapy 
led to a good response (using WB-MRI as an objective measure-
ment of disease activity) with the resolution of the bony lesions 
on follow-up MRI in 34% and 76% after 1 and 2 cycles of 
pamidronate therapy, respectively. This is in concordance with 

Figure 4. Pre- and postpamidronate WB-MRI in a 15-year-old boy with CNO. (A) Sagittal 
STIR whole spine image before pamidronate therapy shows marrow high signal involving the 
C5, T1, T2, T6, T7, T9, T10, and L1 vertebral bodies consistent with vertebral lesions. The 
total score of the vertebral lesions dropped from 45 to 11 after 1 cycle of pamidronate was 
administered to patients as seen on posttreatment STIR sagittal spine image. (B) Consistent 
with considerable response to treatment. CNO: chronic nonbacterial osteomyelitis; STIR: 
short-tau inversion recovery; WB-MRI: whole-body magnetic resonance imaging.
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prior studies that demonstrated a similar response to pamidro-
nate treatment27,28,30. Although 34% of lesions disappeared after 
1 cycle of treatment, ongoing improvement with a substantial 
response (resolution of 76% of the lesions) noted on WB-MRI 
occurred after 2 cycles in 11 patients. Twenty-one patients had 
only 1 cycle of therapy with overall > 50% of residual and 16% 
of new lesions being noted on WB-MRI despite good clin-
ical response. These results highlight the importance of using 
WB-MRI in assessing subclinical disease and response to treat-
ment, which can help guide in treatment decisions. In the group 
of patients who received > 1 cycle of pamidronate treatment, 
some lesions resolved/disappeared in between the cycles, as 
evident on pretreatment MRI examinations for the next cycle, 
once again emphasizing the role of WB-MRI in quantifying 
CNO lesions. 
 Our study proposes a new MRI scoring tool for CNO lesions 
and shows excellent interreader reliability for detecting and 
quantifying the size of the CNO lesions conversely to signal 
intensity of the bone marrow lesion. In our study, the signal 
intensity of the lesion was less reliable than size, as the grading 
of the signal was quite variable among readers and depended 
upon the windowing of the image while evaluating on PACS. 
To our knowledge, there is no prior study available in the liter-
ature against which the results of our study could be compared 
concerning the intensity of bone marrow edema in assessing 
CNO lesions. Hence, this point should be further evaluated in 
future prospective studies. Lesions in the bones of the feet were 
more common than in the hand, which is in keeping with the 
predilection of disease to involve the lower limb. However, it 
could have been affected by the visibility/readability of lesions 
on WB-MRI. Dedicated sagittal STIR sequences separately for 
the right and left foot were included in our WB-MRI CNO 
protocol; however, hands were imaged as a part of coronal 
STIR station 3 (through the lower abdomen and pelvis) and 
seen at the periphery of the image. Hence, we may have missed 

lesions in this region due to poor visualization of bones of the 
hand. 
 In our cohort, spinal lesions showed an excellent response to 
pamidronate with SRM of 0.9, which is consistent with prior 
published studies that have found the almost equal efficacy of 
pamidronate to spinal disease28,29,30,42,43,44. 
 There were several limitations in our study. First, it is a retro-
spective study that may result in missing clinical details that 
were not acquired in a standardized manner, including VAS 
score for pain. Second, there could have been the effect of initial 
non-pamidronate treatment (NSAID, DMARD, steroids, and 
biologics) on treatment outcomes. Further, interobserver vari-
ability in quantifying the intensity of bone marrow edema of 
the lesions was suboptimal and could be improved in future by 
the utilization of an atlas to guide scoring. In addition, during 
certain stages of skeletal maturation linear bands of increased 
STIR signal intensity are noted at the metaphysis of the long 
bones as part of a physiologic process. This information could be 
made available in an atlas to avoid false-positive scoring in future 
studies. The lack of dedicated hand imaging in our protocol 
likely led to the underestimation of bone lesions in this location, 
and can be addressed in future prospective studies by placing 
the hands on thighs for better visibility. This study also did not 
correlate the radiologic changes with clinical variables of disease 
activity.
 In this study, the interobserver reliability for detecting pedi-
atric CNO lesions on MRI was excellent. When experienced 
radiologists report MRI data on CNO, we can be confident that 
the detailed assessment of MRI for these bone lesions is repro-
ducible. On the other hand, further tutorial tools should be 
developed to improve the reliability of assessment of the signal 
intensity of CNO lesions. Nevertheless, MRI is an important and 
clinically relevant quantification tool that can be used to deter-
mine disease activity, extent of disease (including disease sites 
that may be clinically occult), monitor treatment response, make 
treatment adjustments, and perform follow-up examinations. 

Table 2. Response to the treatment in axial and appendicular lesions in 32 patients during first cycle of pamidronate as measured by WB-MRI.

Bone Region Total Locations Examined Lesion Signal Size  Lesion Signal Intensity 
  No. of Involved Locations  SRM No. of Involved Locations  SRM
  in Pre-/Post-Treatment  in Pre-/Post-Treatment

Head (skull, mandible) 128 6 –0.645 6 –0.598
Shoulder girdle (clavicle, scapula) 128 16 –0.412 16 –0.530
Thorax (sternum, ribs) 800 4 –0.866 4 –1.095
Pelvis (hip bones, sacrum, coccyx) 288 59 –0.193 59 –0.019
Arms (humerus, radius, ulna) 576 54 –0.194 54 –0.341
Legs (femur, tibia, fibula) 640 183 –0.325 183 –0.244
Spine (C1–L5 vertebrae) 768 20 –0.987 20 –0.922

Bone Region Total Hands/Feet Examined   No. of Hands/Feet With ≥ 1  SRM  
   Lesion in Pre-/Post-treatment MRI

Handa 64  4  –0.614 
Foota 64  45  –0.210 
     
a The response to hand and foot bone lesions is mentioned separately because the hand and foot lesions were not tracked per lesion over time in contrast to the 
other lesions. SRM: standardized response mean. WB-MRI: whole-body magnetic resonance imaging.
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