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ABSTRACT
Background:  Spinal Langerhans cell histiocytosis can manifest as solitary site unifocal form or as systemic form in children. 

The management options for solitary spinal site unifocal form are many. They include spontaneous resolution of the lesion and 
supervised treatment, steroid injection of the lesion, systemic chemotherapy, radiation therapy and surgery. Multiple options create a 
decision-making dilemma for the treating specialist. The authors sought to formulate a management algorithm of spinal Langerhans 
cell histiocytosis based on Garg’s grading of radiographic vertebral body collapse.

Materials and Methods:  The Preferred Reporting Items for Systematic Reviews and Meta-Analyses-2020 guidelines were 
followed in conducting the review and studies were filtered from established medical databases. Articles published between 2003 and 
2022 were included after applying strict inclusion and exclusion criteria. The first and second authors reviewed the abstracts of filtered 
studies before including them. The study was registered with Prospero. The bias assessment of included studies was assessed using 
the MINOR’s criteria.

Results:  Eight retrospective case series were analyzed. Within these studies, a total of 116 children (mean age 7.4 years) had 
undergone treatment. The mean follow-up period was 52.1 months. Among these patients, there were 37 tumors in the cervical spine, 
40 in the thoracic spine, 25 in the lumbar spine, and a single tumor in the sacrum. Systemic chemotherapy has been found to reduce the 
risk of radiographic vertebral body collapse (p < 0.05). Surgery provides optimal outcomes in patients with Garg’s grade IB , II spinal 
tumors and restores vertebral body height (p < 0.05). No case series were found pertaining to grade III. Reconstitution of vertebral 
body height, an important radiological parameter indicating the endpoint or healing of the lesion, was early achieved with surgery 
followed by systemic chemotherapy, bracing, and supervised management.

Conclusion:  Observation can be preferred in Garg’s grade IA. Grade IB and II tumors respond well to surgery. Treatment for 
grade III tumors needs to be tailored on an individual basis.

Grade of Recommendation:  C.
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KEY POINTS

	z Pediatric spinal LCH can be managed following 
Garg’s classification of radiographic vertebral 
body collapse.

	z Symptomatic Garg’s grade IA spinal LCH may 
respond to observation. Surgery is ideal in 
symptomatic Garg’s grading IB and II lesions. 
Management needs to be tailored according to 
the individual patient in Garg’s grade III.

	z Biopsy-proven asymptomatic vertebral body 
collapse of spinal LCH can be managed with 
observation and proper follow-up.

	z Systemic chemotherapy has been found to reduce 
the risk of progressive radiographic vertebral 
body collapse in spinal LCH (P < 0.05).

INTRODUCTION

The incidence and prevalence of Langerhans cell his-
tiocytosis (LCH) in children are reported to be approxi-
matley 4.4 and 9.9 per million children.1 LCH can occur 
as a unifocal form at a single spinal site or as a part of 
a systemic form in children. The systemic form of LCH 
predominates in infants while the solitary-unifocal form 
predominates in children older than 1 year. Bone and 
skin are the commonly involved unifocal sites in chil-
dren at the time of diagnosis.2 The progression of these 
lesions can vary from spontaneous resolution to a fulmi-
nant course with multiple organ dysfunctions. The mor-
tality rate of patients with LCH and organ dysfunction 
has been reported to be 20% and the disease re-activation 
rate to be 30% following proper first-line treatment.3
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Management guidelines of spinal LCH in children 
clearly recommend local treatment for the solitary-
unifocal form and systemic chemotherapy for the sys-
temic form of the disease.4 The management goals of 
solitary-unifocal spinal LCH in children are to relieve 
symptoms, maintain spinal stability, improve neuro-
logical symptoms, prevent secondary deformity and 
shorten the disease course.5 Standard care includes the 
wait-and-watch approach for spontaneous resolution 
of the lesion, steroid injection of the lesion, radiation 
therapy, chemotherapy and surgery.5–7 When to use 
these modalities in children of growing age is imprecise 
and obscure to the treating specialist; when to switch 
over from one treatment modality to the other and 
when to intervene surgically if required are unclear as 
the management includes multi-interdisciplinary care 
involving pediatric-neonatologist, medical oncologist, 
and a spine surgeon.6

Garg et al7 had classified radiographic collapse of the 
vertebral body in his study of pediatric spinal LCH into 
3 grades. Grade I is 0% to 50% and grade II is 51% 
to 100% of vertebral body collapse. Grade I and II are 
further subdivided into “A” as symmetrical collapse and 
“B” as asymmetrical collapse. Grade III is assigned if 
there is involvement of posterior elements of the spine 
(Figure 1).

We hypothesized that we can identify an ideal option 
of treatment modality based on Garg’s grading of radio-
graphic vertebral body collapse and formulate a man-
agement algorithm for solitary-unifocal spinal LCH in 
children younger than 15 years to aid in treatment plan-
ning by the managing specialist.

MATERIALS AND METHODS

Search Strategy and Inclusion Criteria

The medical databases PubMed, Ovid Medline, 
and Science Direct were searched using the keywords 
“spine” and “histiocytosis,” “spine” and “eosinophilic 
granuloma,” “spine” and “Letterer-Siwe disease” and 
their combination MeSH terms. The systematic review 
was carried out following Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses-20208 guide-
lines. Articles published in English over the past 20 
years, from 2003 to 2022 were included. Systematic 
reviews, meta-analyses, case reports, expert comments, 
non-spine studies, studies involving children older than 
15 years, studies involving adults, studies with fewer 
than 5 children and studies with a follow-up period of 
less than a year were excluded. The study was registered 
with Prospero (reference number: CRD42023424328) 
and an institutional review board approval waiver was 
obtained. The first and second authors (M.H.S. and 
V.M.) reviewed the abstracts of all identified studies 
before including them in the systematic review. There 
was no disagreement between the 2 authors in the inclu-
sion of the studies (Figure 2).

Extraction of Data

All the included studies were evaluated for the first 
author, the country where the study was conducted, the 
type of study, the number of children in the series, the 
mean age of the included children, spinal location of 
LCH, clinicoradiological presentation of the patients, 

Figure 1.  Garg’s grading of radiographic collapse of the vertebral body.
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Garg’s grading of LCH, the treatment modalities doc-
umented in the series, the mean years of follow-up, the 
conclusion and the salient findings documented in the 
series. All of the data were entered into a Microsoft 
Excel sheet (Microsoft Corporation, USA).

Assessment of Quality of Included Studies

The assessment bias of the included studies was 
assessed using the MINORS (methodological index for 
non-randomized studies9) criteria (Table 1).

Figure 2.  Literature search as per Preferred Reporting Items for Systematic Reviews and Meta-Analyses-2020 guidelines.

Table 1.  Assessment of bias among included studies—MINORS’ criteria.

Items
Peng et al, 

200910
Jiang et al, 

201111
Abdelaal et 
al, 202012

Nakamura et 
al, 201913

Zhou et al, 
201714

Zheng et al, 
202215

Zheng et al, 
202216

Zhong et al, 
201617

A clearly stated aim 2 2 2 2 2 2 2 2
Inclusion of consecutive patients 2 2 2 2 2 2 2 2
Prospective collection of data 2 2 2 2 2 2 2 2
Endpoints appropriate to the aim of 

the study
2 2 2 2 2 2 2 2

Unbiased assessment of the study 
endpoint

2 1 2 2 2 2 2 2

Follow-up period appropriate to the 
aim of the study

2 1 2 2 2 2 2 2

Loss of follow-up less than 5% 2 2 2 2 2 2 2 2
Prospective calculation of study size 0 0 0 0 0 0 0 0
An adequate control group 0 0 0 0 0 2 0 0
Contemporary groups 0 0 0 0 0 0 0 0
Baseline equivalence of groups 0 0 0 0 0 0 0 0
Adequate statistical analysis 1 1 1 1 1 2 2 1
Total 15 13 15 15 13 18 16 15
Risk Low Low Low Low Low Low Low Low

Abbreviation: MINORS, methodological index for non-randomized studies.
Note: 2 (green) is considered good, 1 (yellow) is considered moderate, and 0 (red) is no score.
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RESULTS

Of the 144 studies identified, 8 studies were eli-
gible for analysis. All 8 studies were retrospective. 
Among them, 7 were from Asia and 1 was from 
African continent. Within these 8 studies, 116 chil-
dren had undergone treatment. The mean age of 
the patients was 7.4 years in the group (one study12 
was excluded because age was not mentioned). The 
mean follow-up period was 52.1 months. A single 
study11 had focused on pediatric LCH at multi-
ple spinal sites (multifocal involvement), and the 
remaining 7 studies10,12–17 were pertained to the 
solitary spinal-unifocal pediatric LCH. There were 
37 tumors in the cervical spine, 40 tumors in the 
thoracic spine, 25 tumors in the lumbar spine, and 
a single tumor in the sacrum among the included 
children. Twenty-four children had multiple spinal 
sites involved in the group. All the children in the 8 
studies had biopsy-proven LCH. The demographic 
characteristics of the patient populations are pro-
vided in Table 2.

The treatment modalities used in the studies rele-
vant to Garg’s classification and salient findings of 
the studies are reported in Table 3.

The systematic review revealed that the treatment 
modalities nonoperative treatment—supervised 
management with bracing, systemic chemotherapy, 

radiation treatment and surgery to have definite 
roles in the management of spinal LCH in children.

Nonoperative Treatment— 
Supervised Management With Bracing

In their series, Abdelaal et al12 treated 15 chil-
dren with spinal LCH using supervised manage-
ment and bracing. The authors reported that partial 
restoration of vertebral body height of up to 50% 
was accomplished in 10 of their patients (66.6%) at 
a mean follow-up of 49 months. Two of the patients 
in their series had died from the disease at a mean 
follow-up of 27 months; these 2 children had per-
sistent collapse of the vertebral body at their last 
follow-up without much improvement. Nakamura 
et al,13 in a series of 13 patients, evaluated the 
reconstitution of vertebral body height (ROVE) 
following nonoperative treatment of spinal LCH in 
their series. The authors suggested that the verte-
bral body remains in the collapse phase for up to 2 
years from the time of presentation and the recon-
stitution phase starts with an increase in the height 
of the anterior vertebral wall by a mean period of 
2 years. However, the entire vertebral body height 
was not restored completely by a mean period of 
7 years of follow-up in all the children who had 
undergone nonoperative treatment in the series, 

Table 2.  The demographic characteristics of the patient population of the included studies.

Authors No. of Patients Mean Age
Mean

Follow-Up Site of Involvement Clinical and Radiological Presentation

Peng et al10 9 7.7 y 30.3 mo Cervical—2
Thoracic—5
Lumbar—1
Sacral—1

8 patients (88.9%) patients had 
neurological symptoms

Jiang et al11 5 18 y 7.2 y Multiple sites Neck pain and low back pain
2 patients had neurological symptoms

Abdelaal et al12 12—solitary site
3—multifocal sites

Not provided 49 mo Cervical—5
Thoracic—8
Lumbar—4

Anterior wedging: 2
Vertebra plana picture:13

Nakamura et al13 5—solitary site
8—multifocal sites

3.6 y 10.2 y Cervical—3
Thoracic—3

T-L junction—2
Lumbar—5

Not provided

Zhou et al14 31
(23 —solitary spinal site; 

8—multifocal skeletal 
sites)

8.8 ± 2.8 y 2.9 ± 1.1 y Cervical—8
Thoracic—11
Lumbar—4

Back pain or neck pain according to the 
location of the tumor

Neurological symptoms: 8 patients
Local kyphosis: 4 patients

Zheng et al15 9 patients 66.7 mo 26.7 mo Thoracic—4
Lumbar—5

Vertebral collapse more than 50%

Zheng et al16 15 patients 74.3 ± 38.8 mo 2.9 y Thoracic—9
Lumbar—6

1.	Vertebral collapse more than 50%
2.	Asymmetrical destruction of vertebral 

body with collapse less than 50%
Zhong et al17 19 patients 9.9 ± 3.1 y 36.4 ± 13.7 mo C1–C2: 7 patients

C3–C7: 12 patients
1. Neck movements restriction
2. Neck pain
3. Neurological symptoms
4. Torticollis
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with or without bracing. Both series12,13 did not 
mention Garg’s classification in their articles.

Systemic Chemotherapy

In the report by Nakamura et al,13 8 children 
received systemic chemotherapy with or without 
bracing. They compared the ROVE in children who 
underwent systemic chemotherapy with or without 
bracing and supervised management alone. The 
authors concluded that patients who had systemic 
chemotherapy with or without brace treatment had 
statistically significant lower rates of radiographic 
vertebral body collapse (P < 0.05) when compared 
with children managed with supervised management 
alone. All 8 patients who had systemic chemotherapy 

in their series attained faster ROVE by a mean of 
5-year follow-up when compared with children 
managed with supervised management alone. The 
authors further added that there was no statistical 
difference between children who were managed with 
supervised management (without brace) and with 
brace alone. Both the groups had taken a mean of 7 
years to attain ROVE. All the children in the series 
were younger than 8 years.

Peng et al10 evaluated the role of systemic che-
motherapy in solitary spinal lesions of LCH with 
obvious soft tissue extension into the spinal and 
paravertebral region. The Oucher scale of pain at 
the local spinal site and radicular pain had improved 
from a mean of 4.8 and 5.8 respectively, to a mean 

Table 3.  The treatment modalities used in the studies relevant to Garg’s classification and salient findings of the studies.

Authors
Garg’s

Classification Treatment Modality

Assessed
Outcome

Parameters
Conclusion

and Salient Findings

Peng et al10 Unclear about grades I or 
II; A: 3 patients; B: 5 
patients; III: 1 patient

Chemotherapy: 8 patients;
Chemotherapy + surgery: 1 patient

At last follow-up, MRI 
images revealed 
disappearance of soft 
tissue shadow.

Chemotherapy is safe and effective. 
Surgery is indicated for spinal 
instability or with severe 
neurological deficit.

Jiang L et al11 Not provided Chemotherapy + local radiotherapy: 1 
(case 1)

Radiotherapy: 2 (cases 2 and 5)
Surgery: 1 (case 3)
radiotherapy + surgery: 1 (case 4)

Clinical symptoms 
resolved at last follow-
up.

Chemotherapy is highly effective. 
Surgery in lesions causing 
neurology which are not amenable 
to chemotherapy or radiotherapy.

Abdelaal et al12 Unclear Nonoperative treatment: 11
Surgery: 2
Died: 2 (by mean 27 months on 

nonoperative treatment)

Vertebral body height 
restoration.

Nonoperative treatment yields 
results. Surgery is indicated when 
the lesion is in cervical spine.

Nakamura et al13 Not provided Brace: 9 patients, of which 8 patients 
had systemic chemotherapy + brace

Supervised management: 4 patients

Anterior, posterior 
vertebral wall height 
restoration.

Vertebral body height restoration 
occurs eventually with treatment. 
It can be assessed by measuring 
the height of anterior, posterior 
vertebral body wall height.

Zhou et al14 Not provided Surgery only: 6
Surgery + radiation therapy: 9
Surgery + chemotherapy: 4
Surgery + radiotherapy
+ chemotherapy: 4
Radiotherapy: 5
Chemotherapy: 1
Radiotherapy + chemotherapy: 2

Local pain relief 
and neurological 
improvement following 
surgery.

Surgery followed by postoperative 
low-dose radiation therapy or 
chemotherapy provides prompt 
local pain relief and early 
neurological improvement when 
compared with isolated radiation 
therapy or chemotherapy alone.

Zheng et al15 Grade II Transpedicular curettage + short 
segment posterior instrumentation, 
balloon kyphoplasty, calcium sulfate 
cement injection

Better vertebral height 
restoration by 2-y 
follow-up when 
compared with historical 
cohort.

Active surgical treatment is 
recommended in patients with 
grade II lesions.

Zheng et al16 Grade IB and II Transpedicular curettage + short 
segment posterior instrumentation, 
Instrumentation removal by 2 y

Better vertebral body 
height restoration by 
1-y follow-up when 
compared with reference 
vertebral body height.

Active surgical treatment is 
recommended in patients with 
grade IB, II lesions to restore 
vertebral body height and spinal 
stability.

Zhong et al17 Not provided C1–C2: Anterior resection of lesion 
and posterior instrumentation

C3–C7:
Vertebral body lesion: anterior 

excision, corpectomy, and fusion
Posterior column lesion:
posterior excision and instrumentation

Improvement in neurology 
and clinical symptoms.

Surgery can significantly improve 
neurological symptoms. However, 
it must be tailored according to the 
individual location of the lesion in 
cervical spine.

Abbreviation: MRI, magnetic resonance imaging.

 by guest on January 2, 2025https://www.ijssurgery.com/Downloaded from 

https://www.ijssurgery.com/


Spinal Langerhans Cell Histiocytosis in Children

International Journal of Spine Surgery, Vol. 18, No. 6774

of 0.2 and almost nil by 3 months after systemic che-
motherapy. All patients exhibited a disappearance of 
soft tissue shadow by a mean period of 30.3 months. 
Eight patients in their series had neurological symp-
toms and all of them except 1 had improved with sys-
temic chemotherapy alone (87.5%). The unimproved 
single patient required surgery due to the presence 
of severe neurological symptoms (Frankel grade B).

Jiang et al11 concluded that systemic chemother-
apy is justified for children who have LCH at multi-
ple spinal sites. Zhou et al14 recommended systemic 
chemotherapy in their study of children with spinal 
LCH of multifocal or systemic involvement and as 
an effective adjuvant therapy following surgery or 
radiation therapy.

Radiation Therapy

Among the included patients, 23 underwent radi-
ation therapy, of whom 14 had radiation therapy in 
combination with surgery, 2 had radiation therapy in 
combination with chemotherapy and 7 had radiation 
therapy alone.11,14 Zhou et al14 had used low-dose 
radiation therapy alone as the management option. 
The authors used high-energy x-rays and/or Co60 in 
their management and limited the dosage to 7.5 Gy 
for each child in their treatment. All children who 
had radiation treatment showed improvement in 
their final follow-up. The authors11,14 have not men-
tioned Garg’s grading of the lesions in their series.

Surgery

There were 4 case series14–17 about surgery as the 
treatment modality in solitary-unifocal spinal LCH 
in children. Zheng et al15,16 had studied 24 children 
(13 lesions in the thoracic spine and 11 in the lumbar 
spine) for a mean follow-up of 70.5 months. LCH of 
grade IB,16 IIA and IIB15,16 (Garg’s classification) 
was included in their series. The surgical principles 
followed in both case series included short-segment 
posterior pedicle screw instrumentation, transpedic-
ular route vertebral endplate preserving curettage of 
the lesion and removal of posterior instrumentation 
by 2-year follow-up. The author16 named the surgi-
cal procedure as growth-preserving posterior spinal 
column reconstruction surgery(GPPSCR). In the 
series,15 the authors have used calcium sulfate as the 
void-filling material following curettage through the 
transpedicular route as an added measure. Zhou et 
al14 used autogenous iliac bone graft or allograft as 
void filling material (23 patients) in their series fol-
lowing curettage of the lesion.

The surgical indications15,16 of the included 
patients were Garg’s grade IB, IIA and IIB; worsen-
ing symptoms or radiographic evidence of failure of 
nonoperative treatment by 3 months; and severe neu-
rological symptoms. Zheng et al15 concluded that the 
mean percentage of diseased vertebral body height 
had increased to 86% of reference vertebral body 
height by 2-year follow-up (P = 0.027). In series,16 
the author reported that the mean vertebral body 
height had improved by 71.2% following surgery 
at 1-year follow-up (P = 0.001). The authors16 had 
initiated the DAL-HX90 chemotherapeutic regimen 
(initial treatment with prednisone, vinblastine and 
etoposide followed with mercaptopurine) by 2 
weeks following surgery in all of their patients. Both 
case series advocated for active surgical treatment in 
Garg’s classification of grade II lesions.

Zhou et al14 found that surgery improved neuro-
logical symptoms within 48 hours and relieved pain 
by 2 weeks when compared with other treatment 
modalities such as systemic chemotherapy or radio-
therapy as the initial modality of choice. The authors 
documented that LCH involves the vertebral body 
rather than vertebral end plates in children. Hence, a 
transpedicular endplates–preserving (sparing osteo-
epiphysis) curettage helps in debulking the tumor 
and restores the vertebral body height as the child 
grows.

A single case series by Zhong et al17 evaluated the 
surgical strategy of LCH in the cervical spine among 
children. Seven children at the C1 to C2 level and 12 
children at the C3 to C7 level had undergone surgery 
with a mean follow-up of 36.4 months. Sixteen chil-
dren (84.2%) in the series had neurological symp-
toms. Children with lesions at the C1 to C2 level had 
undergone anterior resection of the lesion, biopsy 
and posterior instrumentation. Children with lesions 
at the C3 to C7 level had undergone anterior corpec-
tomy and fusion for vertebral body lesion (WBB18 
[Weinstein-Boriani-Biagini] zones 4–9), posterior 
excision and instrumentation for lesions involving 
the posterior column of the cervical spine (WBB 
zones 5–10). The Oucher scale for pain improved 
from a mean of 8.1 to 0.3 at the final follow-up. 
Children in the series received adjuvant therapy—
oral prednisolone, following surgery. The authors 
concluded that surgery on the cervical spine should 
be individually tailored according to the location of 
the lesion.

ROVE is an important radiological parameter 
indicating the endpoint or healing of the lesion and 
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was earlier achieved with surgery (mean period of 2 
years),15,16 followed by systemic chemotherapy with 
bracing (mean period of 5 years)13 and supervised 
management with bracing (mean period of 7 years)13 
among the studied children (Figure 3).

There were 25 patients (6 patients15 + 3 patients16 
+ 16 patients17; the series by Zhou et al14 was 
excluded because it was unclear about postopera-
tive improvement) in the group who had undergone 
surgery with preoperative neurological symptoms 
(Frankel grade C and D), and all 25 patients (100%) 
had complete recovery of their neurological symp-
toms (Frankel grade E) following surgery by a mean 
postoperative week 4 without further deterioration at 
final follow-up (Figure 4).

DISCUSSION

LCH is an uncommon disease that typically presents 
in infants or children between the ages of 3 and 10 years 
as a solitary painful lesion in a single flat bone.19 Finzi 
was the first surgeon to present a case of eosinophilic 
granuloma of the spine in 1929. Jaffe and Lichtenstein 
described the histopathologic picture of eosinophilic 
granuloma in 1940. In 1953, Lichtenstein coined the 
term histiocytosis X to combine the disorders: Eosin-
ophilic granuloma, Hand-Schuller-Christian disease, 
and Letterer-Siwe disease due to the involvement of 
common Langerhans cell in all these 3 disorders.20,21

The basic principles of the review which we have 
used to propose our algorithm include the following:

1.	 Systemic chemotherapy works well in 
decreasing the risk of vertebral body collapse. 
It prevents the progression of vertebral body 
collapse.13 It provides good results and optimal 
outcomes in biopsy-proven solitary spinal LCH 
presenting with spinal or paravertebral soft 
tissue involvement or with mild-to-moderate 
neurological symptoms.10

2.	 Surgery has a definite role in solitary spinal LCH 
presenting with severe neurological symptoms 
(Frankel grade A/B),10,14–16 in the presence of 
spinal instability,14 poor response to nonoperative 
treatment,15,16 and in unstable situations involving 
cervical spine.17 It has a definite role in Garg’s 
grade IB, II spinal LCH.15,16

3.	 Radiotherapy or chemotherapy works well as an 
adjuvant modality following surgery.14

4.	 Systemic chemotherapy has an established role in 
multilevel spinal involvement of LCH.11

We the authors have used the above 4 basic princi-
ples in proposing the management algorithm for spinal 
LCH in children aged 15 years or younger (Figure 5).

In the present systematic review, we found definite 
evidence that Garg’s grade IB and II lesions would 
benefit from surgery.15,16 Supervised management is 
appropriate for Garg’s grade IA. However, the chance of 
possible mortality with this treatment modality cannot 
be ignored.12 Systemic chemotherapy with bracing was 
found to reduce radiographic vertebral body collapse 
when compared with supervised management with 
brace alone.13 Garg’s grade III needs to be tailored on 

Figure 3.  Mean time taken by various treatment modalities to completely restore vertebral body height. ROVE, reconstitution of vertebral body height.
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Figure 4.  Comparison between the treatment modalities of systemic chemotherapy and surgery in children presenting with neurological symptoms.

Figure 5.  The proposed management algorithm for spinal Langerhans cell histiocytosis (LCH) in children aged 15 years or younger.
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an individual patient basis as we found no case series 
pertaining to it.

The fundamental basis of Garg’s classification is 
based on the morphology and radiographic height of 
the involved vertebral body correlating to the severity 
of the disease.7 Management of spinal LCH based on 
Garg’s grading of radiographic vertebral body collapse 
helps the treating specialist in decision-making. Our 
management algorithm is based on the clinicoradiologi-
cal presentation of the patient. If the child presents with 
biopsy-proven symptomatic Garg’s grade IA spinal 
LCH, the child can be managed using the option of 
observation with brace. Systemic chemotherapy can be 
offered in consultation with pediatric oncologist, if he/
she agrees. Observation can be continued with super-
vised monthly follow-up of the child if the symptoms 
do not worsen or the radiological grading of the lesion 
does not deteriorate. If the radiological grading of the 
lesion deteriorates to Garg’s grade IB/ grade II, if the 
child’s symptoms worsen, if the spinal stability gets 
compromised, or if the neurological symptoms prog-
ress to a severe state (Frankel grade A/B), then the child 
needs to be considered for surgery.

If the child presents with solitary spinal Garg’s grade 
IB or II lesions, surgery is the management of choice. 
Short-segment posterior instrumentation, transpedicu-
lar route vertebral endplate preserving curettage with 
void-filler (Calcium sulfate/autograft/allograft) and 
follow-up with chemotherapy DAL-HX90 protocol by 
2 weeks are the key steps in surgery. Management of 
grade III lesions needs to be tailored on an individual 
patient basis (as no case series is available). In cervi-
cal spinal sites, either an anterior or anteroposterior 
approach surgery is chosen based on the location of the 
lesion in the cervical spine. If the child presents with 
biopsy-proven LCH at multiple spinal sites, systemic 
chemotherapy is the treatment modality of choice.

In the year 2011, Jiang et al11 documented a man-
agement algorithm for pediatric spinal LCH. In the 
study, the authors recommended that the management 
of solitary spinal LCH be divided into patients present-
ing with and without neurological symptoms. Patients 
with solitary spinal LCH and who are neurologically 
intact are further subdivided into 2 categories of mild 
and severe based on the osteolysis of the vertebral body. 
A vertebral body with mild osteolysis should undergo 
immobilization and close follow-up. A vertebral body 
with severe osteolysis should undergo low-dose radia-
tion therapy. Patients with neurological symptoms are 
to be divided based on their severity. Patients with LCH 
and mild or moderate neurological symptoms should 

undergo radiation treatment, while patients with severe 
neurological symptoms should undergo surgery. The 
author has advised systemic chemotherapy in patients 
with systemic or multifocal spinal LCH. The author 
has not given clear-cut guidelines for grading vertebral 
osteolysis into mild and severe in neurologically intact 
patients. Our management algorithm is based on Garg’s 
grading of radiographic vertebral body collapse, and we 
suggest observation for Garg’s classification grade IA 
and surgery in Garg’s grades IB and II. We have avoided 
radiation therapy in our algorithm because it has been 
postulated to cause secondary malignancy and vertebral 
growth disturbances in children.20,22

Each of the studied treatment modalities has its 
advantages and disadvantages. Supervised management 
with or without bracing is the traditional and earliest 
treatment modality and has been followed by spine spe-
cialists in the treatment of pediatric spinal LCH since 
the 20th century.23 The usage period of brace has been 
a controversy in the literature. Few authors23,24 recom-
mend them to be used for a mean period of 3 to 5 years, 
and a few others7 recommend them to be used only 
during the acute painful phase for a mean period of 8 
to 12 weeks. Garg et al7 have emphasized to consider 
this modality in all the children presenting with asymp-
tomatic radiographic vertebral collapse (no intractable 
pain or neurological deficit) in biopsy-proven spinal 
LCH as they have shown in their study, the severity 
of radiographic collapse was not associated with sub-
sequent spinal deformity and only proper follow-up is 
required to monitor their recovery. The major drawback 
of this treatment modality is the unforeseen mortality 
of the patients due to the invasive nature of the disease. 
Abdelaal et al12 attributed a mortality rate of 13.3% 
with this treatment modality. The other limitation of 
this treatment approach is that near total ROVE takes 
longer when compared with other treatment modalities.

Systemic chemotherapy has been the game changer 
in the management of symptomatic pediatric spinal 
LCH since its advent in the early 21st century. It can be 
used in pediatric spinal LCH presenting with spinal or 
paravertebral soft tissue involvement and spinal LCH 
presenting with mild-to-moderate neurological symp-
toms. The major advantage of systemic chemotherapy 
is that it has the potential to reduce the risk of vertebral 
body height collapse.13 The scenario where chemother-
apy fails is in situations of spinal LCH presenting with 
severe neurological symptoms (Frankel grades A and 
B).10 In pediatric spinal LCH, vincristine; methotrexate; 
prednisone and 6-mercaptopurine are the combination 
of drugs used in systemic chemotherapy.10,25
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Low-dose radiation therapy has a curative effect in 
the management of symptomatic spinal LCH in chil-
dren because of the radiosensitive nature of LCH.14,26 
However, it is mirrored by controversies in literature 
due to ill effects such as secondary malignancy27 and 
damage to vertebral body bony end plates.28 A few 
authors14,29 recommend them either alone or as adjuvant 
therapy following surgery or systemic chemotherapy in 
the management of spinal LCH in children despite the 
emphasis on the ill effects of radiation therapy in liter-
ature.

Surgery is the spearhead among all the treatment 
modalities and is the modality of choice in symptom-
atic Garg’s grading of IB and II of pediatric spinal LCH 
(Figure  6).14–16 It has a significant role to play when 
the child presents with severe neurological symptoms 
(Frankel grades A and B). The main advantage of 
surgery is that it relieves neurological symptoms early, 
provides pain relief, stabilizes the spine and shortens 
the course of the disease.14,15 Other modalities, such 
as radiation therapy and chemotherapy can work as a 
perfect adjuvant to surgery if the surgeon believes that 
a near-total curettage of the lesion was not done intra-
operatively.14 The role of surgery in cervical spinal sol-
itary site LCH in children is well documented in spinal 
literature.6,17

We accept the fact that the load burden of the disease 
to the children increases in spinal LCH with the involve-
ment at multiple spinal sites and in systemic LCH when 
compared with the solitary spinal LCH. Hence, the use 
of systemic chemotherapy as the modality of choice is 
justified in such scenarios.

Limitations

Pediatric spinal LCH is an uncommon problem seen 
by spine specialists, and no randomized control study 
exists in the literature regarding its management. All 
the included series in the review were retrospective, 
and the absence of a randomized control study among 
the included studies can compromise the arrived con-
clusion. The included case series have not documented 
the complications of the studied treatment modalities, 
and few have included children with multifocal LCH 
along with solitary-unifocal LCH which can bias the 
results. The differing ethnicity of the studied children 
also needs to be considered. However, our review has 
certainly shown light at the end of the dark tunnel to 
practicing spine specialists in this uncommon scenario.

Grade of Recommendation: Grade  
C—Optional

The included case series were of level IV evidence 
in the hierarchy of evidence pyramid.The grade of rec-
ommendation is C- optional.30 We authors recommend 
using the management algorithm as an option by treat-
ing specialists along with their clinical expertise balanc-
ing the options of observation, systemic chemotherapy 
with bracing and surgery in the management of spinal 
LCH in children.

CONCLUSION

Pediatric spinal LCH can be managed following 
Garg’s classification of radiographic vertebral body 

Figure 6.  Two-year-old boy with grade IIB spinal T11 Langerhans cell histiocytosis. (A and B) Radiographic picture. (C and D) CT images. (E) T2-weighted 
magnetic resonance imaging. (F and G) One-year follow-up following surgery. (H and I) Three years following surgery, 1 year following implant removal. Complete 
remodeling of vertebral body and near-total restoration of vertebral body height is seen. Reprinted with permission from Zheng et al.16
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collapse. Garg’s grade IA can be managed with obser-
vation. In Garg’s grade IB, II spinal LCH surgery is the 
treatment of choice. Grade III LCH management should 
be tailored on an individual patient basis.
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