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Abstract
Background  Timely diagnosis of malignancies in children is very important. Knowing the clinical manifestations 
of malignancies help in timely diagnosis. The aim of this study is to investigate the prevalence of musculoskeletal 
manifestations of malignancies in children.

Methods  we searched the manuscript databases including Scopus, Web of science, Google scholar, Medline, and 
Cochrane for all studies in accordance with the relevant keywords. The nine-star Newcastle-Ottawa Scale (NOS) 
scoring system was employed to assess the methodological quality of all eligible studies. Statistical analysis was 
performed using the Comprehensive Meta-Analysis (CMA) software.

Results  Of 96 articles initially collected by database searching, 13 articles were eligible for the final analysis. The 
major musculoskeletal manifestations related to childhood malignancies include bone pain, bone swelling, bone 
tenderness, bone fracture, vertebral collapses, joint effusion and joint tenderness. Manifestations related to these 
malignancies also include septic arthritis-type symptoms, osteomyelitis-type symptoms, and osteomyelitis. The 
overall pooled prevalence of musculoskeletal manifestations in children suffering hematopoietic tumors (acute 
lymphoblastic leukemia and acute myeloid leukemia) was 32.1% (95%CI: 24.0–41.3%). The overall prevalence 
of musculoskeletal manifestations due to neuroblastoma was also 30.5% (95%CI: 19.2–44.9%). The rate of 
musculoskeletal manifestations due to other childhood cancers range from 23.5 to 80.3%.

Conclusion  A significant part of childhood malignancies are associated with musculoskeletal manifestations. 
Clinicians should carefully evaluate and closely follow children with musculoskeletal manifestations to timely 
diagnosing of malignancies.

Trial registration number  Not applicable.
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Introduction
Malignancies are rare in children but may be associated 
with morbidity and mortality. Therefore, their proper 
diagnosis and treatment are very important in prevent-
ing these complications [1, 2]. Despite the increasing 
progress in diagnostic methods and cancer treatment 
approaches in children, this event is associated with 
adverse consequences, especially in the first decade of 
life [3]. In fact, early diagnosis of the disease and control 
of its progress not only leads to reducing the burden of 
the disease on the patients and their families, but also 
minimizes the complications and disabilities caused by 
the disease [4]. However, early diagnosis of the disease 
in children is a major challenge, and in contrast to adult 
cancer, which mainly faces early clinical manifestations, 
in children, these clinical manifestations sometimes can-
not be traced until the advanced stages of the disease [5]. 
Also, the occurrence of general clinical symptoms caused 
by cancer in children can be observed with a higher prev-
alence than in adults, which makes it difficult to differen-
tiate between cancer and systemic disorders [6].

Many common types of childhood cancers such as 
hematopoietic malignancies, sarcoma and central ner-
vous system tumors present with musculoskeletal mani-
festations and complications [7, 8]. Articular symptoms 
such as arthritis, bone pain, intra-articular hemorrhage, 
joint infiltration, synovial reaction, and infections are 
the prominent musculoskeletal manifestations related 
to cancers that may be in the differential diagnosis with 
bone or muscle inflammatory disorders and therefore 
hide the diagnosis of cancer [9, 10]. It has been indicated 
that about 0.25 to 2% of children referred to pediatric 
rheumatology clinics due to appearance of musculo-
skeletal manifestations were finally diagnosed as a can-
cer. These patients may be misdiagnosed commonly by 
juvenile arthritis, however, their definitive diagnosis can 
be leukemia or tumors of the nervous system such as 
neuroblastoma [11, 12]. Such a diagnostic error is some-
times associated with a delay in the final diagnosis of 
cancer due to anti-inflammatory treatment and the use 
of corticosteroids, as well as a worsening of the related 
outcome [13]. Therefore, it is necessary for all special-
ists to evaluate and differentiate musculoskeletal mani-
festations caused by systemic inflammatory disorders 
and those caused by malignancies and to manage these 
manifestations in the field of childhood cancers as soon 
as possible. What was discussed in this systematic review 
of the musculoskeletal manifestations related to child-
hood malignancies and the examination of points so that 
by taking them into account, it is possible to distinguish 
clinical manifestations related to cancer and manifesta-
tions related to other systemic disorders.

Materials and methods
Search strategy
This study was done according to established methods 
and in accordance with PRISMA-P (Preferred Reporting 
Items for Systematic review and Meta-Analysis) Proto-
cols [14]. Two researcher searched the article databases 
including Web of science, Medline, Google scholar, 
Cochrane and Scopus for all eligible studies in accordance 
with the considered keywords including: “cancer”, “chil-
dren”, “malignancy”, “childhood cancer”,” acute lympho-
blastic leukemia”(ALL), acute myeloid leukemia”(AML), 
“lymphoma”, “manifestation”, “musculoskeletal”, “bone”, 
“muscle”, and “joint”. The studies were restricted to Eng-
lish language. The inclusion criterion for retrieved the 
studies assessed musculoskeletal manifestations of the 
different types of childhood cancers. The exclusion crite-
ria were thus as follows: (1) a lack of clear and reproduc-
ible results, (2) lack of access to the manuscripts full texts 
and (3) review papers, case reports and case series.

Data abstraction and validity assessment
Data abstraction was independently performed by two 
un-blinded researchers on structure collection forms 
without divergences in data collection. The study qual-
ity was evaluated based on the following criteria: (1) the 
systematic review and meta-analysis based on the ques-
tions primarily formulated and described; (2) inclusion 
and exclusion criteria predefined in the studies as eligi-
bility criteria; (3) searching the studies performed on a 
systematic and comprehensive approach; (4) the full texts 
were dually reviewed to minimize the bias; (5) the qual-
ity of included studies were rated independently by the 
researchers for appraising internal validity; (6) the risk of 
bias and heterogeneity were listed. The nine-star New-
castle-Ottawa Scale (NOS) scoring system was employed 
to assess the methodological quality of all eligible studies.

Statistical analysis
Dichotomous variables are reported as proportions and 
percentages, and continuous variables as mean values. 
Binary outcomes from individual studies were to be com-
bined with both the Mantel-Hansel fixed effect model. 
The pooled prevalence and 95% confidence interval (CI) 
were used as summary statistics for describing the preva-
lence of musculoskeletal manifestations in the cancers. 
To determine the statistical heterogeneity of this study 
Cochran’s Q test was used. This test was complemented 
with the I2 statistic, which quantifies the proportion of 
total variation across studies that is due to heterogene-
ity rather than chance. A value of I2 of 0–25% indicates 
insignificant heterogeneity, 26–50% low heterogene-
ity, 51–75% moderate heterogeneity and 76–100% high 
heterogeneity. Publication bias was assessed by the rank 
correlation test and also confirmed by the funnel plot 
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analysis. Reported values were two-tailed, and hypothesis 
testing results were considered statistically significant 
at p = 0.05. Statistical analysis was performed using the 
Comprehensive Meta-Analysis (CMA) software version 
3.0 (Biostat, Englewood, NJ 07631 USA).

Results
Study selection and quality assessment
As shown in Fig. 1, initially 96 articles were included in 
the study, but eventually a large number of them were 
excluded from the study, and finally 13 articles were ana-
lyzed [14–26]. Table  1 describes baseline characteris-
tics of the studies included. Quality assessment showed 
a NOS score of 7 or higher for all studies, indicating the 
presence of high methodological quality (Fig. 2).

Systematic reviewing the literature
In total, the studies regarding musculoskeletal mani-
festations in relation to malignancies in children were 
designed and implemented in two formats. In the first 
group, cancer patients referred to clinics or hospitals 
were the target of the study, who were examined in terms 

of musculoskeletal characteristics, and in the second 
group, patients who referred with musculoskeletal mani-
festations were the target, who were examined in terms 
of the prevalence of malignancies was studied. The pres-
ent study considered the first group as the target group 
(Table 1). In the evaluated studies, a wide range of chil-
dren’s malignancies were investigated, which mainly 
included types of leukemia, neuroblastoma and other 
tumors of the central nervous system, bone tumors, 
especially malignant spinal cord lesions, and soft tissue 
tumors in a few studies. Manifestations were also inves-
tigated in the studies in two forms of clinical manifesta-
tions and musculoskeletal radiological manifestations.

In studies that focused on hematopoietic tumors (ALL 
and AML), the major musculoskeletal clinical manifes-
tations of reported included bone pain (back, neck, and 
the extremities), limping and bone swelling, bone ten-
derness, bone fracture, vertebral collapses, joint effu-
sion and joint tenderness. With less prevalence, other 
clinical manifestations including joint compression in 
the tibia-tarsus, knee, coxofemoral, and elbow, scolio-
sis and limited flexor and extensor muscle capacity. The 

Fig. 1  PRISMA 2020 flow diagram. The flowchart of screening the eligible studies

 



Page 4 of 9Jari and Ana BMC Pediatrics          (2025) 25:200 

rheumatologic manifestations related to these malig-
nancies also included septic arthritis-type symptoms, 
osteomyelitis-type symptoms, and osteomyelitis. The 
prominent radiological manifestations related to hema-
topoietic malignancies included osteolysis, osteopenia, 
osteosclerosis, periosteal reactions. With less prevalence, 
pathological fractures, metaphyseal bands, periosteal 
new bone, sclerotic lesions, periosteal reaction, leukemic 
infiltration of bone marrow and avascular necrosis may 
be seen (Table 2).

In cases with neuroblastoma, the most common 
musculoskeletal manifestations have been found to be 
multiple bone and joint pains, dislocation of a hip, para-
plegia, joint swelling, scoliosis, arthritis and/or arthralgia 
(Table 2).

In patients suffering endocrine neoplasia, marfanoid 
habitus, pes cavus, talipes equinovarus, slipped capital 
femoral epiphysis, kyphosis, scoliosis, lordosis, increased 
joint laxity, and weakness of the proximal muscles of the 
extremities were revealed as the prominent musculoskel-
etal manifestations. In a study by Vitale et al. on children 
with neuroblastoma, approximately 50% of patients had 
significant musculoskeletal manifestations. Congeni-
tal pseudarthrosis of the tibia and scoliosis were most 

common. Also, 20% of patients with Type I neuroblas-
toma, presented with scoliosis with or without the classic 
dystrophic features, such as rib penciling and vertebral 
scalloping. In the review of the literature, the musculo-
skeletal manifestations of other types of malignancy in 
children had not been studied.

The overall prevalence of musculoskeletal manifestations 
in childhood leukemia
The overall pooled prevalence of musculoskeletal mani-
festations in children suffering hematopoietic tumors 
(ALL and AML) was 32.1% (95%CI: 24.0–41.3%). To 
determine the rate of these manifestations, our assess-
ment found a significant heterogeneity across the stud-
ied groups (I2 = 94.569, p < 0.001. However, publication 
bias was not revealed based on the funnel plot analysis 
(Fig. 3).

The overall prevalence of musculoskeletal manifestations 
in childhood neuroblastoma
In summarizing studies related to neuroblastoma in chil-
dren, the overall prevalence of musculoskeletal manifes-
tations was 30.5% (95%CI: 19.2–44.9%).Heterogeneity 
between studies was significant in the aforementioned 
evaluation (I2 = 79.494, p = 0.002). The publication bias 
across the studies remained insignificant (Fig. 4).

The overall prevalence of musculoskeletal manifesta-
tions in other malignancies.

Due to the limitation in the number of studies, it was 
not possible to perform a meta-analysis on other types 
of malignancies. In evaluating studies on other types of 
malignancies, the prevalence of musculoskeletal mani-
festations in bone cancers was 80.3%, in soft-tissue sarco-
mas was 23.5%, in langerhans histiocytosis was 47.0%, in 
spinal tumors was 56.9%, and in other CNS tumors was 
25.2%.

Discussion
Apart from the specific manifestations of each malig-
nancy, the occurrence of musculoskeletal symptoms is a 
common finding among all types of malignancies, both 
in children and adults. This matter is of double impor-
tance in children. First, it is difficult to evaluate clini-
cal manifestations in children because sometimes it is 
not possible to establish a complete and reliable speech 
relationship with the child due to their age. Secondly, in 
many cases, due to the rarer nature of malignancies in 
children, less attention is paid to the diagnosis of malig-
nancy and therefore to its clinical manifestations, and 
therefore sometimes misdiagnosis of benign disorders 
is considered more by experts. Two important points 
should be noted here. First, many children diagnosed 
with cancer in the early stages of the disease do not pres-
ent with musculoskeletal manifestations, and in other 

Table 1  The details of studies assessed, number of patients and 
type of malignancy
Author, year No. 

population
Cancers assessed

Roser et al., 2024 [14] 756
577
417

87

Leukemia
Lymphoma
CNS tumors
Neuroblastoma

Dybedokken et al., 
2024 [15]

58 Spinal tumors

Civino et al., 2021 [16] 1277 Bone tumors, Langerhans 
histiocytosis, leukemia, 
soft-tissue sarcomas, 
neuroblastoma

Kang et al., 2017 [17] 125 Acute lymphoblastic leukemia
Riccio et al., 2013 [18] 328 Acute lymphoblastic leuke-

mia, Acute myeloid leukemia
Sinigaglia et al., 2008 
[19]

122 Acute lymphoblastic leuke-
mia, Acute myeloid leukemia

Campos et al., 2008 
[20]

13
12

Acute lymphoblastic leukemia
Neuroblastoma

Robazzi et al., 2007 
[21]

406 Acute lymphoblastic leuke-
mia, Acute myeloid leukemia

Murthi et al., 2001 [22] 128 Neuroblastoma
Mehlman et al., 1999 
[23]

52 Vertebral and spinal cord 
tumors

Kai et al., 1996 [24] 168
57

Acute lymphoblastic leukemia
Acute myeloid leukemia

Rogalsky et al., 1986 
[25]

107 Leukemia

Costello et al., 1983 
[26]

28 Acute lymphoblastic leuke-
mia, Acute myeloid leukemia
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words, the occurrence of these manifestations and com-
plaints can be a profile of the advanced stages of cancer. 
Secondly, it is very difficult to distinguish between pri-
mary bone, metabolic and rheumatologic disorders and 
cancer in children, and therefore, it seems that periodic 
tracking of musculoskeletal manifestations is very neces-
sary in children with a definite diagnosis of cancer.

What our study emphasizes is the significant preva-
lence of musculoskeletal manifestations in children with 
various types of malignancies, especially hematological 
malignancies. Based on the findings of this study, about 
one-third of leukemia patients are faced with multiple 
bone and rheumatologic manifestations, and the occur-
rence of these manifestations is basically associated with 
the inability of children’s motor and functional func-
tions and therefore, disruption of their quality of life. 
According to the results of some studies, this manifesta-
tion sometimes affects more than 80% of children. In the 
context of childhood hematopoietic malignancies, bone 
pain is a common manifestation usually localized in long 
bones along with spinal vertebral bodies and this pain 

usually occurs due to different bone pathological lesions 
such as pathological fractures, bone compression, osteo-
porosis, bone structural deviation, bone swelling and 
referral pain from joints. In most cases, the pain is severe, 
sharp, localized and sudden in onset. In many cases, 
these manifestations may mimic inflammatory joint and 
rheumatic diseases. It is sometimes very difficult to dis-
tinguish between musculoskeletal manifestations caused 
by malignancy and primary rheumatic diseases. The 
occurrence of arthritis or arthralgia is a common finding 
in children suffering from malignancies, especially hema-
tological cancers.

The most of pediatric rheumatic diseases are associ-
ated with musculoskeletal manifestations, including bone 
pain, arthritis, arthralgia, and myalgia. Systemic juve-
nile rheumatoid arthritis, systemic lupus erythematosus, 
juvenile dermatomyositis and some types of vasculitis 
are the most common of this group of diseases. For the 
differential diagnosis of these diseases, the presence of 
signs and symptoms of involvement of other organs and 
paraclinical findings are helpful, but in some cases, it is 

Fig. 2  The quality assessment of the studies according to the nine-star Newcastle-Ottawa Scale (NOS) scoring system
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necessary to rule out malignancy with appropriate tests 
such as bone marrow aspiration [5, 8–11].

Benign musculoskeletal pains such as growing pains 
are common in children. Red flags for differentiating 
pathological pain from benign pain including unilateral 
limb pain, upper limbs pain, pain that wakes up the child 
and does not respond to analgesics. Also, the presence of 
arthritis, fever, weight loss and systemic symptoms are 
red flags. In these cases, examination for pathological 
causes including malignancy is necessary [5, 12].

In the case of other childhood cancers, it seems that 
more than a third of affected children face musculo-
skeletal complications. Of course, it should be kept in 
mind that in cancers related to the skeletal system, it is 
obvious that a significant part of affected children have 
musculoskeletal manifestations. As the prevalence of 
musculoskeletal manifestations in patients with bone 

malignancies, spine cancers and central nervous system 
malignancies, the prevalence of musculoskeletal involve-
ment will be much higher. Of course, there are very few 
studies on the mentioned manifestations among non-
hematological malignancies and it is not possible to eval-
uate them systematically at the moment. The limitation 
of this study is that we investigated common malignan-
cies and meta-analysis was not possible.

Conclusion
Musculoskeletal manifestations occur in many cases of 
childhood malignancies. Therefore, clinicians should 
consider malignancies when dealing with any child with 
musculoskeletal manifestations, especially in the pres-
ence of red flags.

Table 2  The prevalence of musculoskeletal manifestations of childhood malignancies
Author, year Prevalence of musculoskeletal 

manifestation
Types of manifestations

Roser et al., 2024 192/756 (Leukemia)
124/577 (Lymphoma)
105/417 (CNS tumor)
25/87 (Neuroblastoma)

Osteoporosis (2.4%), Arm- or leg-length discrepancy (4.3%), Limited joint mobility 
(6.8%), Persistent pain in bones or joints (7.5%), Scoliosis (8.2%), Changes to chest/
ribs (1.6%)

Dybedokken et al., 2024 33/58 Back pain (64%), Gait abnormalities (52%), Leg pain (49%), Nocturnal pain (33%), 
Neck pain (15%), Arthritis (3%), Unspecified (21%)

Civino et al., 2021 Total: 324/1277
Bone cancer: 53/66
Langerhans histiocytosis: 16/34
Leukemia: 189/582
Soft-tissue sarcomas: 16/68
Neuroblastoma: 21/109

Joint pain (hip, knee)
Limb bone pain

Kang et al., 2017 Total: 24/125 ---
Riccio et al., 2013 73/328 Clinical: pain, septic arthritis-type symptoms, and five osteomyelitis-type 

symptoms. Joint compression in the tibia-tarsus, knee, coxofemoral, and elbow, 
vertebral collapses, limited flexor and extensor muscle capacity
Radiological: osteoporosis, pathological fractures, osteolysis, osteosclerosis, peri-
osteal reactions, metaphyseal bands, avascular necrosis (75.3%)

Sinigaglia et al., 2008 Total: 46/122 Clinical: pain (34.4%), functional impairment (22.9%), limping (12.3%), swelling 
(10.6%), and joint effusion (5.7%)
Radiological: osteolysis (13.1%), metaphyseal bands (9.8%), osteopenia (9%), 
osteosclerosis (7.4%), permeative pattern (5.7%), pathological fractures (5.7%), 
periosteal reactions (4.1%), and mixed lysis-sclerosis lesions (2.5%)

Campos et al., 2008 10/13
10/12

Arthritis and/or arthralgia

Robazzi et al., 2007 222/406 Joint tenderness (16.2% in ALL, 5.4% in AML), arthritis (26.6% in ALL, 9.7 in AML), 
bone tenderness (26.1% in ALL, 16.1% in AML), limb tenderness (49.5% in ALL, 
25.8% in AML), and antalgic gait (32.8% in ALL, 9.7% in AML)

Murthi et al., 2001 33/128 Multiple joint pains (21.8%), paraplegia (two patients), dislocation of a left hip 
(one patient), and swollen mandible (one patient).

Mehlman et al., 1999 24/52 Spinal deformity (46%)
Kai et al., 1996 36/168 (ALL)

6/57 (AML)
Locomotor disability (69%), bone/joint pain (92%), bone/joint swelling (62%)

Rogalsky et al., 1986 Total: 22/107 Clinical: pain in the extremities, back pain, osteomyelitis, septic arthritis, or fracture
Radiological: osteopenia, lytic lesions, metaphyseal bands, periosteal new bone, 
and sclerotic lesions (43.9%)

Costello et al., 1983 14/28 Knee arthritis
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Fig. 3  The overall prevalence of musculoskeletal manifestations in children with leukemia, The funnel plot indicating publication bias across the studies
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