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I N TRODUC TION

Osteonecrosis (ON) is regarded as one of the major late 
toxicities of childhood acute lymphoblastic leukaemia 
(ALL) therapy, attributed to treatment, especially with 

steroids.1–4 Glucocorticoid-based treatment in patients 
with other malignancies also carries a risk for ON, es-
pecially in Hodgkin lymphoma (HL).5,6 In adult patients 
with HL, incidence rates for ON range from 1%, in regis-
try studies only considering operated hip ON, to 42% in 
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Summary
Osteonecrosis (ON) is a common complication of glucocorticoid-based Hodgkin lym-
phoma (HL) treatment, but the natural evolution and prognosis of ON lesions remain 
poorly understood. We describe the radiological evolution of ON lesions identified 
in a Nordic population-based cohort of paediatric HL patients. Magnetic resonance 
images of suspected ON lesions were centrally reviewed to confirm ON diagnosis 
and grade the ON lesions according to the Niinimäki classification. The study in-
cluded 202 ON lesions in 46 patients, of which 77 were joint lesions. Follow-up images 
were available for 146/202 lesions, with a mean follow-up time of 28 months. During 
follow-up, 71% of the lesions remained stable, 26% improved or resolved, and 3% pro-
gressed. A higher ON grade at diagnosis was associated with a lower likelihood of 
spontaneous resolution. The likelihood for resolution of ON decreased by 50% for 
each year of added patient age, when adjusted for sex, ON location, and symptoms. 
Hip ON showed less spontaneous improvement compared with other joints, and the 
risk for surgery was 13-fold in hip ON. Grades 3–4 joint ON has the potential to either 
progress or resolve, warranting follow-up in patients with severe symptoms. Research 
on secondary prevention should be directed at grade 3–4 joint ON.
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patients screened for ON with magnetic resonance imaging 
(MRI).7,8 Yet, little is known about the natural evolution of 
ON lesions. ON progression to joint collapse is feared, but 
spontaneous resolution also occurs.9 Identifying patient-
related and radiographic risk factors for progression to 
joint destruction would aid in implementing preventive 
treatment strategies.

Niinimäki et al. introduced a non-joint-specific classi-
fication for ON suitable for addressing any ON lesion at 
any anatomical site, which is crucial in the often multi-
focal nature of ON in cancer patients.10 In a radiological 
follow-up study of 54 cancer patients with various malig-
nancies, Niinimäki et al. suggested grades 3–4 ON to have 
high priority regarding follow-up, due to the risk of pro-
gression to joint collapse.5 Recently, Brivio et  al. studied 
the evolution of ON in paediatric ALL patients and found 
ON lesions with a higher Niinimäki grade to have an infe-
rior prognosis, and joint lesions especially on the convex 
hip and knee joint surfaces often demonstrated progres-
sion.11 Factors impacting the prognosis of ON lesions are 
underexplored, and the prognosis of ON in children with 
HL is not known.

The aims of this study were to describe the radiographic 
trajectories of ON lesions over time in a cohort of patients 
with paediatric HL and ON and to identify clinical and radio-
graphic risk factors associated with adverse outcomes of ON.

PATIE N TS A N D M ETHODS

Patients

The inclusion criteria for the study were HL diagnosed be-
tween 2005 and 2019 in Sweden, Denmark or Finland, age 
under 18 years at diagnosis of HL, and ON diagnosed during 
or following chemotherapy for HL. The patients were iden-
tified from a national childhood cancer registry (Sweden, 
Denmark) and hospital patient records (Finland) based on 
the International Classification of Diseases, Tenth Revision 
(ICD-10) code for HL (C81). Patient medical records and 
imaging studies were reviewed for entries on ON. A total of 
51 HL patients with suspected ON and available MRI scans 
were identified. Five of these patients did not fulfil the ra-
diographic criteria for ON used in this study, and their MRI 
findings were considered to represent bone marrow oedema. 
Thus, the final cohort consisted of 46 HL patients with ON.

Radiological diagnosis and grading of ON

Magnetic resonance imaging was used to diagnose ON in 
all cases, with the established definition of ON as a circum-
scribed lesion with a distinct rim of low signal intensity on 
T1-weighted images (band sign) and high-signal intensity 
on short tau inversion recovery images (double-line sign).12 
All MRI scans of the ON lesions were centrally reviewed by 
a paediatric radiologist (E.P.) and an orthopaedic surgeon 

(T.N.). The reviewers studied all MRI scans independently 
and were blinded to patient data other than the MRI scans.

The Niinimäki classification (Table  S1) was applied to 
grade the severity of the ON lesions.10 After the initial re-
view, all cases with discrepant grades were re-reviewed and 
discussed to reach a final consensus on the grades. An ON le-
sion was considered healed (grade 0) when it had diminished 
so that it could not be diagnosed as ON according to the cri-
teria defined above, without relying on previous MRI scans. 
In the present study, a joint affected by ON was considered a 
single site as defined in the Niinimäki classification, rather 
than counting opposing joint surfaces as different sites as in 
Brivio et al.11 However, we compared the prognosis of ON 
lesions involving convex surfaces against lesions involving 
concave surfaces as well.

OriginPro 2021 (OriginLab, Northampton, MA, USA) 
was used to produce the figures, and IBM SPSS Statistics for 
Windows, version 27.0 (IBM Corp, Armonk, NY, USA) was 
used for data processing and statistical analyses. Cohen's 
kappa was used to evaluate inter-rater agreement, and χ2, 
Fisher's exact test, and Student's t-test to compare groups. 
Considering that there were multiple ON lesions in many 
of the patients, the generalised estimating equation (GEE) 
technique was used to assess the effects of ON location, age, 
sex, and pain due to ON on the prognosis of ON lesions.

R E SU LTS

The background characteristics of the patient cohort as 
well as details regarding HL stage and therapy are shown in 
Table 1, and details on the chemotherapy protocols can be 
found in Table S2. Of the 46 patients, 40 (87%) had multi-
focal ON lesions, and 30 (65%) experienced symptoms due 
to ON lesions. The remaining patients were diagnosed with 
ON incidentally during routine MRI follow-up for HL. A 
total of 202 ON lesions in the 46 patients were assessed, with 
a median of six (range 1–16, interquartile range [IQR] 4–9) 
affected sites per patient. Inter-rater agreement between the 
two reviewers regarding ON grades was good with a kappa 
value of 0.79 (p < 0.001; standard error of kappa 0.04), which 
is in the range of previous reports on the Niinimäki scale.10

ON sites

The frequency of ON lesions at different anatomic locations 
is shown in Figure 1. The most common joint sites for ON 
were knee (n = 36) and hip (n = 31), and the most common 
sites in general were femur (n = 53) and tibia (n = 42). Weight-
bearing joints were affected by 70 (35%) lesions and non-
weight-bearing joints by seven (3%) lesions. Of the 77 joint 
lesions, 68 (88%) affected the same anatomic site on both the 
left and the right sides. Patients with joint lesions were symp-
tomatic in 21 out of 26 (81%) cases, whereas patients with 
only non-joint ON were symptomatic in 9 out of 20 (45%) 
cases. At initial ON diagnosis, 2 (1%) of the ON lesions (both 
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hip) were already grade 5, 29 (14%) were grade 4, 45 (22%) 
were grade 3, 111 (55%) were grade 2, and 15 (7%) were grade 
1. The distribution of ON lesions across anatomic sites did 
not differ significantly between asymptomatic and sympto-
matic patients. In total, 39% of grade 1 lesions, 32% of grade 
2 lesions, 28% of grade 3 lesions, 27% of grade 4 lesions, and 
0% of grade 5 lesions were identified in completely asympto-
matic patients as incidental MRI findings.

Changes in ON lesions over time

Follow-up MRI scans were available for 146 (72%) of the ON 
lesions, with a mean follow-up time of 28 (standard deviation 

[SD] 21, range 1–96) months from ON diagnosis. The out-
comes of these ON lesions in relation to ON grade at ini-
tial diagnosis regardless of ON site are given in Table 2, and 
ON grades at initial diagnosis and last follow-up grouped by 
ON site are given in Table  3. All three progressive lesions 
in the cohort were ON of the hip. On the other hand, 31% 
of hip lesions improved or resolved completely. ON of the 
knee improved or resolved in 48% of cases, whilst ankle and 
shoulder lesions both showed improvement in 50% of cases, 
although the numbers were small. The trajectories in ON of 
the hip and knee lesions are depicted in Figure 2. Diaphyseal 
and metaphyseal lesions were more quiescent in nature 
than joint lesions, as only 12% of femoral, 28% of tibial, and 
15% of humeral lesions resolved completely, whilst the rest 

T A B L E  1   Background characteristics and details regarding the 46 Hodgkin lymphoma patients with osteonecrosis.

Values expressed as n (%) unless stated otherwise

Female 29 (63)

Mean age at HL diagnosis, years 15.2 (SD 1.8, range 9.6–17.9)

Prepubertal at HL diagnosis 5 (11)

Overweight at HL diagnosisa 11 (31)

Overweight at ON diagnosisa,b 16 (44)

Stage of HL

I 0 (0)

II 18 (39)

III 12 (26)

IV 16 (35)

Subtype of HL

Classical 46 (100)

Lymphocyte predominant 0 (0)

HL treatment protocol

GPOH-HD95 4 (9)

EuroNet-PHL-C1 33 (72)

EuroNet-PHL Interim Guidelines 3 (7)

EuroNet-PHL-C2 6 (13)

Treatment group

TG-1/TL-1 6 (13)

TG-2/TL-2 15 (33)

TG-3/TL-3 25 (54)

Mean cumulative dose of prednisolone, mg/m2 3500 (SD 980, range 0–6600)

Received radiotherapy 17 (37)

Median time to ON from HL diagnosis, months 8 (IQR 5–15, range 0–124)

ON developed during chemotherapyb,c 16 (36)

Symptoms due to ON 30 (65)

Multifocal ON 40 (87)

Median number of sites affected with ON 6 (IQR 4–9, range 0–16)

Median follow-up time after first ON, months 13 (IQR 0–35, range 0–59)

Alive at last follow-up 45 (98)

Abbreviations: HL, Hodgkin lymphoma; IQR, interquartile range; ON, osteonecrosis; SD, standard deviation.
aISO-BMI >25 kg/m2.
bNumbers may not add up due to missing data.
cDuring chemotherapy, or within three months after cessation chemotherapy.
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remained unchanged. No pathological fractures related to 
diaphyseal or metaphyseal ON were identified.

Regarding joint ON, just one of the 77 affected joints 
demonstrated ON involving only a concave surface (knee 
lesion), whilst 16 joints involved both concave and convex 
surfaces, and 60 joints only showed involvement of convex 
surfaces. Follow-up images were available for 12 lesions in-
volving concave and 52 lesions involving convex surfaces. 
Univariate analyses indicated a favourable prognosis for ON 
involving concave joint surfaces. In all, 10 of the 12 lesions 
involving concave surfaces improved, compared with 23 out 
of the 52 lesions involving convex surfaces (83% vs. 44%, 
p < 0.05); 6 of the 12 lesions involving concave surfaces re-
solved completely, compared with 8 of the 52 lesions involv-
ing convex surfaces (50% vs. 15%, p < 0.05). All completely 
resolved ON lesions involving concave surfaces were knee 
(tibial plateau) lesions. All progressive ON lesions involved 
the femoral head.

The mean time to radiological progression of ON was 9 
(SD 4, range 4–12) months, which in all three cases equalled 
hip ON progressing to grade 5 (i.e. joint collapse). Two of the 
three progressive lesions were diagnosed during chemother-
apy, although joint collapse occurred after cessation of che-
motherapy. In the 43 ON lesions that resolved, improvement 
could be seen until a median of 16 (IQR 9–24, range 3–80) 
months from initial ON diagnosis.

Factors influencing the prognosis of ON

To assess the effects of sex, age, ON location (joint or non-
joint), and pain on the odds of spontaneous improvement 
and complete resolution of ON, GEE models were con-
structed (Table  4). The models indicated a roughly 50% 
decrease in the odds of both improvement to a lower grade 
and spontaneous complete resolution of ON for each added 
year of age at HL diagnosis. ON lesions were also less likely 
to improve to a lower grade if the patient was symptomatic 
due to ON. All three progressive ON lesions were hip lesions 
in female patients, but with such small numbers, it was not 
possible to perform any formal risk factor analysis regarding 
ON progression.

Interventions due to symptomatic ON

All interventions were performed due to symptomatic joint 
ON. A total of 10 lesions in six patients were treated sur-
gically, including all five grade 5 lesions, as described in 
Table 5. Nine of the 10 interventions were due to hip ON, and 
29% of hip ON lesions were treated operatively. The risk for 
undergoing surgery was 13-fold in hip ON lesions compared 
with other joint ON lesions (p < 0.001). Eight of the 10 surgi-
cal procedures were performed in female patients. The sole 
male patient undergoing surgery for bilateral hip ON also 
had a history of allogeneic haematopoietic stem cell trans-
plantation prior to HL diagnosis.

Weight-bearing restrictions were ordered for eight out of 
17 patients with symptomatic joint ON in weight-bearing 
joints, but ON lesions in these patients were less likely to im-
prove spontaneously (11% vs. 59%, p < 0.01) and more often 
progressed to joint collapse (16% vs. 0%, p = 0.08) than le-
sions in patients without restrictions. The distribution of 
ON sites and grades at diagnosis were similar in both groups 
(Table  S3). Bisphosphonates were given to five patients for 
pain relief, but the proportion of ON lesions improving was 
higher in symptomatic patients not receiving BP (24% vs. 
14%, p = 0.21). Corticosteroid therapy was discontinued in 
two patients due to symptomatic hip ON during chemother-
apy. Both patients eventually suffered femoral head collapse 
requiring total joint arthroplasty (TJA).

F I G U R E  1   The relative proportions of all osteonecrosis (ON) lesions 
across different sites. The proportions of ON lesions found in completely 
asymptomatic patients are shown in light grey.

T A B L E  2   Evolution of ON lesions with follow-up MRI scans available over a follow-up period of mean 28 months in relation to initial ON grade.

Evolution

ON grade at initial diagnosis

Grade 1 (N = 15) Grade 2 (N = 76) Grade 3 (N = 32) Grade 4 (N = 22) Grade 5 (N = 1)

Progressed N/A 0% 1 (3%) 2 (9%) N/A

Stable 13 (87%) 61 (80%) 22 (69%) 6 (27%) 1 (100%)

Improved to lower 
grade

N/A N/A 0% 9 (42%) 0%

Resolved completely 2 (13%) 15 (20%) 9 (28%) 5 (21%) 0%

Abbreviations: MRI, magnetic resonance imaging; N/A, not applicable; ON, osteonecrosis.
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DISCUSSION

This study describes the natural evolution of ON in a Nordic 
cohort of patients with paediatric HL diagnosed between 
2005 and 2019. Although 71% of all ON lesions remained un-
changed, almost half of the joint lesions improved, which is 
of particular interest, considering that joint ON lesions gen-
erally are symptomatic and hence clinically relevant lesions. 
However, hip ON had an inferior potential for spontaneous 
recovery, with less than a third improving over time.

The study may underestimate the spontaneous healing 
potential of ON lesions due to the limited follow-up time and 
imaging performed mainly on clinical grounds. However, as 
joint lesions are often symptomatic and thus have several 
follow-up scans available, the underestimation concerns 
mainly the non-joint lesions. Indeed, Niinimäki et  al. re-
ported higher rates of spontaneous resolution for tibial and 
femoral lesions in cancer patients with a longer follow-up 
time, although their rates for joint ON lesions improving 
were much in line with the present results.5 The relatively 
short follow-up time may also lead to underestimation of the 
need for surgical intervention, which may take place years 
after the initial development of ON. Furthermore, young pa-
tients with ON may benefit from delaying TJA until after 
growth cessation to minimise issues like leg length discrep-
ancies and technical difficulties with the procedure.13

Hip ON was the most severe condition with the highest 
potential for progression, and with grade 5 lesions being ex-
clusively located in the hip. With the exception of one knee 
lesion, all surgical procedures in the cohort were due to hip 
ON, including all TJA, which is in accordance with the lit-
erature.6,8,14,15 However, as TJA of the hip generally yields 
a better functional outcome and fewer residual symptoms 
than, for example, TJA of the knee, the threshold for surgi-
cal intervention differs depending on the affected joint.16 An 
example of the inherent difference between hip ON and ON 
at other joints is a patient in the present study, with 16 ON 
lesions observed over a 4-year follow-up: although lesions at 
other locations, including other joints, showed improvement 
and even complete resolution, her hip ON lesions progressed 
to joint collapse. This underscores the unfavourable progno-
sis and high priority of hip ON regarding possible primary 
and secondary preventive measures.17

Brivio et al. reported a better radiological outcome for 
ON affecting concave joint surfaces compared with con-
vex surfaces in children with ALL.11 Our findings sup-
port this, although our study had a lower proportion of 
ON lesions affecting concave surfaces. Furthermore, the 
numbers of ON lesions detected by Brivio et  al. are not 
directly comparable to our results, as an affected joint was 
considered a single ON site in our study, even when sev-
eral surfaces within the same joint were affected. Since 
just one ON lesion affecting a concave joint surface in the 
absence of ON affecting the adjacent convex joint surface 
was found in the present study, we deemed it appropriate 
to consider the whole joint as a single site. The few iden-
tified ON lesions involving concave surfaces did show a T
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more favourable prognosis in the present study as well, es-
pecially in the knee.

There was a strong correlation between the Niinimäki 
grade and clinical outcome of ON, regarding both sponta-
neous resolution and surgical intervention, which is a sur-
rogate for severe symptoms. The inter-rater reliability was 
excellent, supporting the usability of this classification for 
both clinical and research purposes. All studies on ON 

should use a validated radiological classification to make 
the results comparable and transparent. The clinical use of 
the Niinimäki radiological classification is also justified be-
cause, as demonstrated by this study, prognoses for ON le-
sions vary even within the same anatomic site. Based on the 
current findings, grades 1–2 lesions have no need for routine 
follow-up. This conclusion is based on the favourable prog-
nosis of these lesions and the lack of pathological fractures 

F I G U R E  2   Changes in the Niinimäki grade of the hip (A) and knee (B) osteonecrosis (ON) lesions from diagnosis to last follow-up. Colours indicate 
ON grade at initial diagnosis: Red = grade 5; orange = grade 4; yellow = grade 3.
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associated with diaphyseal and metaphyseal ON, as reported 
in other studies.5,11 Furthermore, our results speak against 
routine weight-bearing restrictions as an attempt to prevent 
ON progression or pathological fractures—a finding that 
could be explained by decreasing muscle strength and bone 
mineral density secondary to immobilisation. However, 
weight-bearing restrictions are sometimes recommended 
for pain relief in some of the participating centres, which 
could result in a higher proportion of patients with severe 
symptoms in the group with weight-bearing restrictions, 
possibly biasing this group towards a worse outcome.

Grades 3–4 lesions merit particular attention considering 
MRI follow-up, as they carry the highest risk of progression. 
As long as effective options for preventing ON progres-
sion are lacking, follow-up MRI scans should be reserved 
for patients with grades 3–4 ON and severe symptoms, or 
symptoms worsening over time. A reasonable interval for 
monitoring progression could be 6–12 months. Possible 
treatment studies should focus on grades 3–4 ON lesions, 

considering both the affected joint and possibly the joint 
surface shape in patient stratification. The correlation be-
tween symptoms and the shape of the involved joint surface 
requires further investigation, but if ON lesions on concave 
surfaces truly cause fewer clinical symptoms, revising the 
Niinimäki radiological classification to consider joint sur-
face shape is warranted. As joints with grade 5 ON have a 
low potential for recovery, there is little benefit from radio-
logical follow-up, and early referral to an orthopaedic sur-
geon for is encouraged for considering operative treatment.

The time to progression of ON lesions was measured 
in months; thus, the window of opportunity for timely 
secondary prevention is short. However, a third of the 
patients developed ON during chemotherapy for HL, 
which would enable modifications to chemotherapy plans 
if symptomatic ON develops. Evidence on modifications 
to HL chemotherapy due to symptomatic ON is lacking, 
but considering the benefit from shortening the admin-
istration of dexamethasone in paediatric ALL,18 reducing 

T A B L E  4   Generalised estimating equations models of risk factors for lack of spontaneous improvement (left model) and full resolution (right model) 
of an osteonecrosis (ON) lesion.

Factor

Spontaneous improvement Spontaneous full resolution

OR 95% Confidence interval p OR 95% Confidence interval p

Patient age at HL diagnosis 1.92 1.28–3.13 <0.01 1.96 1.25–3.33 <0.01

Female sex 4.55 0.87–25.00 0.07 7.69 0.68–90.91 0.09

Pain due to ON 4.35 1.67–11.10 <0.01 4.17 0.85–20.00 0.08

Non-joint ON location 5.26 1.37–20.00 <0.05 1.67 0.44–6.25 0.46

Abbreviations: ON, osteonecrosis; OR, odds ratio.

T A B L E  5   Surgical interventions due to joint ON lesions.

Severity of joint ON lesiona

Grade 5 Grade 4 Grade 3 Grade 2 Total

All joint ON lesions N = 5 N = 28 N = 39 N = 5 N = 77

No surgery - 26 (93) 36 (92) 5 (100) 67 (87)

Total joint arthroplasty 5 (100) 2 (7) 1 (3) - 8 (10)

Core decompression - - 1 (3) - 1 (1)

Arthroscopy - - 1 (3) - 1 (1)

Hip ON n = 5 n = 16 n = 10 - n = 31

No surgery - 14 (87) 8 (80) - 22 (71)

Total joint arthroplasty 5 (100) 2 (13) 1 (10) - 8 (26)

Core decompression - - 1 (10) - 1 (3)

Knee ON - n = 9 n = 27 - n = 36

No surgery - 9 (100) 26 (96) - 35 (97)

Arthroscopy - - 1 (4) - 1 (3)

Other joint ON - n = 3 n = 2 n = 5 n = 10

No surgery - 3 (100) 2 (100) 5 (100) 10 (100)

Note: Values expressed as n (%).
Abbreviation: ON, osteonecrosis.
aON grades represent either the grade at the time of surgery or, when surgery was not performed, the most severe grade.
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or shortening glucocorticoid treatment or switching to 
glucocorticoid-free chemotherapy could be considered, as 
ON in HL patients is glucocorticoid-induced. This could 
be feasible if symptomatic ON develops early during che-
motherapy, as these patients probably are at risk of devel-
oping further ON lesions. In literature, several medical 
treatments to prevent ON progression have been sug-
gested, including bisphosphonates, lipid-reducing agents, 
and anticoagulants. However, there are few studies on 
such treatments, and evidence does not currently support 
their effectiveness.17,19–22

Considering the short interval for potential secondary 
prevention as well as the lack of effective alternatives, pri-
mary prevention appears more feasible. Nevertheless, trials 
on primary prevention of ON in children with cancer are 
lacking. Contemporary paediatric HL and ALL protocols 
will investigate the incidence of ON, but to the authors' 
knowledge, there are no ongoing trials with ON develop-
ment as a primary outcome.23,24 As paediatric HL has an ex-
ceptionally favourable prognosis, minimising the burden of 
toxicity is a priority.23 Reducing glucocorticoid dose or the 
duration of glucocorticoid administration would be relevant 
questions for a randomised trial.

The strengths of this study include the cohort size, the 
systematic centralised review of all MRI scans, and the 
systematic registration of all cases of ON rather than re-
lying on reported ICD-10 codes (M87) for ON. The lim-
itations include MRI imaging performed only on clinical 
grounds, leading to inconsistent numbers of follow-up 
MRI scans and varying follow-up times. Furthermore, due 
to the retrospective nature of the study, it was not always 
possible to distinguish which lesions in patients with mul-
tiple ON lesions were or were not symptomatic, which pre-
cluded some statistical analyses of interest. Additionally, 
as the ON lesions in the study had been diagnosed by 
various clinicians in several centres with different vigi-
lance for performing MRI, the radiological follow-up on 
the evolution of ON lesions began at variable timepoints 
in relation to their actual development. Nevertheless, as 
all cases of ON had been identified in the clinic without 
systematic screening, the present results on the evolution-
ary trajectories for ON are generalisable to the population 
of paediatric patients with HL, treated with steroid-based 
chemotherapy.

CONCLUSIONS

Osteonecrosis lesions in paediatric HL patients display 
significant spontaneous healing potential, but hip ON is a 
cause of high morbidity. An initial watch-and-wait strategy 
is reasonable for Niinimäki grade 3–4 lesions, especially in 
the knee. For patients with painful grade 5 ON, early refer-
ral for considering operative treatment is warranted. MRI 
should always be used for diagnosing or excluding ON, and 
use of the Niinimäki grading system may aid in both clinical 
decision-making and follow-up.
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