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Abstract
Purpose  Review a series of 22 patients below the age of 16 affected by primary bone tumors of the spine who underwent en 
bloc resection, and describe the clinical presentation, tumor characteristics, results and complications associated with the 
surgical treatment, underlining the specific issues related to a younger age.
Methods  We performed a review of all patients < 16 years old affected by primary bone tumors of the spine, surgically 
treated with en bloc resection from 1996 to 2016. Clinical and radiological characteristics, therapy, complications and sur-
vival are reported.
Results  Only 12/22 cases had not been previously treated. 22.7% experienced at least one early complication; 18.2% and 
4.1% experienced at least 2 and ≥ 3 early complications, respectively; 40.9% experienced at least one late complication, often 
related to hardware failure (27.3%); 18.2% and 4.5% at least 2 and ≥ 3 late complications. No early nor late complications 
were experienced in 12 out of 22 patients (54.54%). The overall survival and the local recurrence-free survival at 5 years 
were, respectively, 79.5% and 74.8%; considering only the patients with high-grade tumors, they were 70.9% and 65.5%, 
respectively. At 77.3 months of median follow-up, 17 patients are still alive, 16 of whom without any evidence of disease 
and 1 with evidence of local and systemic disease; four patients died with evidence of local disease and one with distant 
metastases but no local recurrence.
Conclusions  Young people with primary malignant or locally aggressive bone tumors of the spine should be treated in 
specialized centers, and wide surgery should be performed. The most frequent problems are related to reconstruction in a 
growing spine and subsequent hardware failure that make later surgeries necessary.

Graphic abstract
These slides can be retrieved under Electronic Supplementary Material.

Key points

1. Purpose: to review a series of 22 patients below the age of 16 affected by primary 
bone tumors of the spine, who underwent en-bloc resection, and to describe the 
clinical presentation, tumor characteristics, results and complications associated 
with the surgical treatment, underlining the specific problems related to a younger 
age.

2. Methods: A review of all patients < 16 years old affected by primary bone tumor of 
the spine, surgically treated with en-bloc resection from 1996 to 2016 was performed, 
reporting clinical and radiological characteristics, therapy, complications and 
survival. 

3. Only 12/22 cases had not been treated previously. 22,7% experienced at least one 
early complication; 40,9% experienced at least one late complication, often related to 
hardware failure (27,3%). The overall survival and the local recurrence -free survival 
at 5 years were 79,5% and 74,8%, respectively; just considering patients with high-
grade tumors, they were 70,9% and 65,5%, respectively. 
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The Kaplan-Meier curves 
related to the overall survival 
and the local recurrence free 
survival of the entire cohort 
(A and B) and of the high-
grade malignant tumors (C 
and D).

A case of junctional 
kyphosis onset after 2 
years that underwent 
extension of the 
stabilization. 
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Take Home Messages

1. Primary malignant or locally aggressive bone tumors of the spine 
should be treated with wide surgery also in younger age groups.

2. Main complications are related to hardware failure and junctional 
kyphosis caused by an excessively short stabilization that is often 
necessary in a growing spine.
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Introduction

Primary spinal bone tumors are rare, especially if compared 
to metastatic diseases. Nevertheless, identifying them is of 
uttermost importance because the treatment can vary based 
on the specific diagnosis, the tumor’s aggressiveness, its 
biology, the risk of fracture and the possibility to success-
fully treat a possible local relapse.

Indeed, while the surgical treatment of benign lesions in 
the limbs is usually intralesional curettage and bone filling, 
in the spine en bloc resection (EBR) for aggressive benign 
histologies has to be considered, because treating a local 
recurrence is complex and often impossible [1, 2]. When 
the tumor involves great part of the vertebral body, perform-
ing a wide resection means extirpating the entire vertebra, 
thus performing an en bloc spondylectomy (EBS), in which 
a limited marginal margin around the dura is acceptable 
[3]. This technique reduces the local recurrence rate and 
improves long-term survival [4]. Considering the difficult 
technique and the high rate of intraoperative and postopera-
tive complications, it is a highly demanding surgery [5].

Primary osseous spinal column tumors are rare in chil-
dren and young adults; together with spinal cord tumors, 
they account for only 1% of all tumors [6]. Nevertheless, 
they are challenging and of difficult approach.

They present specific clinical characteristics which have 
to be taken into account: In adults, back pain is often caused 
by degenerative spine conditions, while in children, back 
pain that persists for more than two weeks can be more fre-
quently due to a tumor [7]. This pain can be associated with 
general symptoms such as fever and weight loss; neurologic 
symptoms can be caused by spinal cord compression [8–10]. 
Maintaining a high index of suspicion when such signs are 
observed is essential for a correct identification of those 
patients to address to further investigation.

Biopsy is performed through a CT-guided transpedicular 
approach. Based on histology, the patient can be addressed 
to follow-up, medical or surgical therapies.

The most frequent histologies that arise in the pediatric 
spine are benign and include osteoid osteoma, osteoblastoma 
and aneurysmal bone cyst, usually located in the posterior 
elements of the vertebra; the most frequent malignant histol-
ogies are Ewing’s sarcoma and osteosarcoma, which mostly 
arise in the vertebral body [11].

EBR is suggested in case of malignancy or in case of 
benign but locally aggressive tumors.

The aim of this study is to review the data of 22 patients 
younger than 16 years old affected by primary spinal bone 
tumors, who underwent EBR, and to describe clinical pres-
entation, tumor characteristics, results and complications 

associated with the surgical treatment, underlining the spe-
cific problems in younger patients.

Patients and methods

This study was performed on pediatric patients affected by 
primary bone tumors of the spine, who underwent EBR in 
an orthopedic research hospital between January 1996 and 
December 2016. Patients > 16 years old and those affected 
by secondary tumors were excluded. Surgeries were per-
formed by the same senior surgeon in all cases. All patients’ 
parents provided their consent to the use of data for research 
purposes and publications.

The diagnoses were based on histologies, obtained 
through CT-guided trocar biopsies or open minimally inva-
sive biopsies, or on previous specimens of already operated 
patients who arrived for observation after a first surgery in 
non-specialized hospitals. All histologies were reviewed by 
an expert pathologist trained in muscular–skeletal tumors.

A total body CT scan was carried out to exclude distant 
metastases, along with an MRI of the spine to better identify 
the intracanal component.

The WBB (Weinstein, Boriani, Biagini) surgical staging 
system was used to describe tumor extension and to plan 
surgery [12]. The extension of the tumors was evaluated 
according the Enneking staging system for malignant mus-
culoskeletal tumors, based on surgical grade, local extent 
and presence or absence of metastases [13].

Outcomes

Complications were defined “early” or “late” if they, respec-
tively, occurred before or after 30 days from surgery [14]. 
Blood loss was defined massive when it exceeded the circu-
lating blood volume in 24 h or 50% of circulating blood vol-
ume in 3 h. Hypotension was diagnosed if a systemic pres-
sure lower than 85 mmHg was present for more than 15 min. 
The ASIA (America Spine Injury Association) motor scale 
was used to evaluate the neurologic status; neurologic dete-
rioration was present for a score higher than grade 1 of the 
ASIA motor scale [15]. Airway problems were identified as 
pneumonia and pulmonary embolism. Urological problem 
included urinary retention and urinary incontinence. Post-
operative pain was evaluated with the VAS scale.

Statistical analysis

We used a descriptive statistic to analyze the data. The 
recurrence rates were evaluated in patients who had already 
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undergone inadequate intralesional surgery and in patients 
not treated before. The results were compared by the chi-
square test with a p value < 0.05 being statistically sig-
nificant, to verify if a previous erroneous approach could 
influence local relapse. All analyses were performed using 
Microsoft Excel.

Overall survival and local recurrence-free survival 
(LRFS) were reported using the Kaplan–Meier curve.

Results

Epidemiology and clinical presentation

We enrolled and included 22 patients in the study, 10 
females and 12 males, with an average age of 11 years (range 
4–16 years) (Table 1). Summary epidemiological data are 
reported in Table 2. In 8 cases, the lesion was located in the 
cervical spine, in 1 case in the cervical–thoracic junction, in 
6 cases in the thoracic spine, in 6 cases in the lumbar spine 
and in one case at the lumbar–sacral junction.

According to the Enneking staging, the disease was intra-
compartmental in 6 cases (one stage IA and five stage IIA) 
and extra-compartmental in 16 cases (nine stage IIB, two 
IB, two S2 active, two S3 aggressive, one stage III with 
metastases). The most significant symptom was back pain; 
it was present in 18 cases, whereof 7 cases associated with 
a fracture; myelopathy was present at diagnosis in 5 cases; 
no patients with cauda equine syndrome were reported. In 
only one case, back pain and myelopathy were associated 
with a vertebral fracture.

According to the WBB system, 11 of the radiating zones 
of vertebrae were involved in 5 out of 22 patients. Seven 
WBB sectors were involved in 4 cases and 6 WBB sectors 
in other 4 patients.

In 16 patients, the tumor had eroded the peripheral cortex 
and had expanded into the soft tissues (“A” WBB tissue lay-
ers), and in 11 of these 16 cases the disease expanded into 
the canal (“D” WBB tissue layers). In two out of 16 patients, 
there was an intradural involvement (“E” WBB tissue lay-
ers), so the infiltrated dura was removed en bloc with the 
specimen and reconstruction was performed with a patch.

Diagnosis

Ten cases came to our observation already treated with 
improper intralesional surgery without a specific diagno-
sis, which was obtained only postoperatively. In the other 
12 cases, the histologic diagnosis was performed with open 
biopsy (6 cases), CT-guided trocar biopsy (4 cases) or 
intraoperative biopsy (2 cases). The specific histologies are 
reported in Table 2.

Treatment

An angiography was always performed before surgery to 
study the spinal cord blood supply; a selective emboliza-
tion of the feeding artery and related segmental vessels of 
the mass was performed in 5 cases to decrease the risk of 
bleeding and related contamination in case of violation of 
the tumor and during the rotation of the vertebra around 
the spinal cord.

Chemotherapy

Fourteen patients underwent neoadjuvant chemotherapy, 
whereof seven performed adjuvant chemotherapies as 
well; no chemotherapy was performed in the remaining 
cases.

Radiotherapy

Four out of 22 patients underwent conventional preoperative 
radiation therapy: a bone leiomyosarcoma and a high-grade 
osteosarcoma, already treated at first observation, a Ewing’s 
sarcoma and an osteosarcoma; the last case underwent pre-
operative RT because of a high risk of intraoperative con-
tamination for tumor size and site (C1–C2–C3).

Surgeries

There were 13 EBSs, 7 hSs and 2 EBR of the posterior 
arc; 8 one-level resections, 1 two-level resection, 10 
three-level resections, 1 four-level resection and 2 five-
level resections with an average number of involved levels 
of 2.5 (min 1, max 5, median 3); the surgical approach 
was posterior in 12 cases, 4 of which were followed by 
an anterior approach and 1 by an anterolateral approach; 
anterior/posterior in six cases; posterior/anterior/posterior 
in three cases; and lateral/posterior in one case (Table 2). 
The median operation time was approximately 8 h (average 
493 min; median 500; range 150–840 min).

Posterior stabilization with rods and screws was per-
formed in all cases (Fig. 1); these were linked to an allo-
graft in 5 cases and to a cage in 9 cases (4 made of tita-
nium and 5 of carbon); in one case, a vascularized scapular 
autograft was used to restore the anterior column, and in 
seven cases reconstruction was not strictly necessary and 
performed just with an autograft; in five cases, a supple-
mentary anterior fixation was performed.

The median intraoperative blood loss was 1895 ml (range 
150–6500 ml) (Table 2). Blood transfusions were needed 
in 21 out of 22 cases, one of which required transfusions of 
units of PRBC. No intraoperative deaths occurred.
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The median time of hospital stay was approximately 
15 days (range 4–53 days).

Margins

The histologies revealed an intralesional margin in 8 cases 
(whereof 4 were already forecasted during the preoperative 
planning), a marginal margin in 7 cases (all preoperatively 
planned wide with a focal marginal margin) and a wide mar-
gin in 7 cases (6 preoperatively planned and 1 forecasted as 
marginal). Only one patient (12.5%) out of 8 with intral-
esional margins had undergone a previous surgery, versus 
4 (57.14%) out of 7 patients in the marginal group and 5 
(71.42%) out 7 in the wide margin group. The margin was 
mostly related to the specific anatomy of the disease. The 
preoperatively planned margin was confirmed at the defini-
tive histology in 15 out of 22 cases (68.2%).

Complications

The specific complications and their related frequencies are 
reported in Table 3.

Five out of 22 patients (22.7%) experienced at least one 
early complication (whereof two hypotension and two mas-
sive blood losses); four patients experienced at least two 
early complications and one at least three early compli-
cation. Two out of five patients with early complications 
underwent surgery to resolve them.

Table 2   Epidemiologic, clinical and surgical data

Parameter Value

Patients (n) 22 (12 M and 10 F)
Age, mean (min–max); years 11 (4–16)
Sites
 C 8
 CT 1
 T 6
 L 6
 LS 1

Enneking classification
Extra-compartmental 16
 IIB 9
 IB 2
 S2 2
 S3 2
 III 1

Intra-compartmental 6
 Ia 1
 IIA 5

Symptoms
 Pain 18
 Vertebral fractures 7
 Myelopathy 5

Diagnosis
 Osteosarcoma 7
 Ewing’s sarcoma 4
 Osteoblastoma 4
 Aneurismal bone cyst 2
 Chordoma 1
 Neuroblastoma 1
 Synovial sarcoma 1
 Leiomyosarcoma of bone 1
 Malignant peripheral nerve sheath 

tumor
1

Surgical approach
 Posterior 7
 Anterior–posterior 6
 Posterior–anterior 4
 Posterior–anterior–posterior 3
 Posterior–anterolateral left 1
 Lateral/posterior 1

Level of resection
 One-level 8
 Two-level 1
 Three-level 10
 Four-level 1
 Five-level 2

Obtained surgical margin
 Marginal 7
 Intralesional 8
 Wide 7

Table 2   (continued)

Parameter Value

Intra operative blood loss mean (min–
max)

1895.44 ml (150–6500 ml)

Median size tumor
 Size A/P (min–max) 4.93 m (1–12 cm)
 Size L/R (min–max) 3.86 cm (1.05–10 cm)
 Size C/C (min–max) 3.23 m (0.09–6 cm)
 Volume (min–max) 2.91 cm (0.09–8.05 cm)

Local recurrence 5(22.72%)
 Follow-up 2
 Debulking surgery 1
 Marginal surgery 1
 Chemotherapy and radiotherapy 1

Metastases 2 (18.18%)
 Alive 1
 Dead 1

Dead 5 (22.72%)
 Died from disease with evidence of 

local disease at time of death
4 (18.18%)

 Died from disease without evidence of 
local disease at time of death

1 (4.54%)
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Fig. 1   Female, 3 years old, 
affected by an L3 Ewing’s sar-
coma; preoperative MRI (a) and 
CT scan (b) showing vertebral 
fracture; c the X-ray of the 
specimen evidencing the EBS; 
d postoperative X-ray showing 
a short L2–L4 stabilization and 
an anterior cage filled with bone 
autograft to reconstruct the 
anterior column

Table 3   Early and late complications in the analyzed cohort

Early complications Late complications

Massive blood loss: 2 cases (9.09%) Construct failure with loss of correction: 4 cases (18.18%)
Hypotension (systemic < 85 mmHg for 15 min): 2 cases (9.09%) Dysphagia: 2 cases (9.09%)
Dural tear, neurologic deterioration > 1 motor grade ASIA motor scale, 

nerve roots injury, respiratory failure and hardware and bone graft 
breakage: 1 case (4.54%)

Hardware loosening: 2 cases (9.09%)

Hardware breakage: 2 cases (9.09%)
Pneumonia; CSF leak/meningocele, neurologic deterioration < 1 motor 

grade ASIA motor scale; postoperative neuropathic pain: 1 case 
(4.54%)

Fig. 2   The same patient of 
Fig. 1 who had junctional 
kyphosis 2 years after the index 
surgery; the X-ray showing the 
preoperative status (a) and the 
postoperative control with the 
extension of stabilization from 
T11 to L5 (b)
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In nine cases (40.90%), at least one late complication was 
found; four and one out of 22 patients (18.2% and 4.5%) 
experienced at least two or at least three late complications, 
respectively. Two patients underwent surgery for hardware 
failure (Fig. 2).

Problems related to the stabilization system were quite 
common (6 out 22 patients).

No early nor late complications were experienced in 
12 out of 22 patients (54.54%). These results are shown in 
Table 1.

Follow‑up and survival

The median follow-up was 77.3 months (range 8–207).
We found five local recurrences (19.2%), after 7, 7, 15, 

25 and 26 months from index surgery. Of these five local 
recurrences, three had undergone intralesional surgery (three 

of the eight intralesional surgeries, 37.5%) and two marginal 
surgery (two of the seven marginal surgeries, 28.6%).

No statistical differences (p value = 0.7805) in recurrence 
rate were present between previously and not previously 
treated patients (two out of 10 and three out of 12 recur-
rences, respectively). The overall survival (OS) at 5 years 
and the local recurrence-free survival (LRFS) at 5 years 
were 79.5% and 74.8%, respectively; the Kaplan–Meier 
curves related to OS and LRFS are reported in Fig. 3a, b.

The OS at 5 years related to the malignant histologies and 
related LRFS at 5 years were 70.9% and 65.5%, respectively 
(Fig. 3c, d).

At the time of this analysis, 17 patients are still alive, 16 
of which are without any evidence of disease and one with 
evidence of local and systemic disease.

Five out of 22 patients died, whereof four with evidence 
of local disease at the time of death and one died from 

Fig. 3   a The Kaplan–Meier curve related to the entire cohort’s over-
all survival; b the Kaplan–Meier curve related to the entire cohort’s 
local recurrence-free survival; c the Kaplan–Meier curve related to 

the overall survival of patients with malignant tumors; d the Kaplan–
Meier curve related to the local recurrence-free survival of patients 
with malignant tumors
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metastases without evidence of local disease at the time of 
death.

Considering the 15 high-grade tumors, 3 patients, all 
affected by osteosarcoma, died from systemic disease with 
local recurrence at 8, 9 and 44 months from surgery, other 2 
patients died without local recurrence at 41 and 65 months 
of follow-up, 9 are alive with no evidence of disease and 
another 1 with systemic disease without local recurrence.

Considering just the 6 patients affected by high-grade 
osteosarcoma, 3 are dead for systemic disease as reported 
above and 3 are alive without evidence of disease.

Discussion

Primary bone tumors of the spine are very rare, accounting 
for about 1% of spine and spinal cord tumors combined [16]. 
In the present series, osteosarcoma and Ewing’s sarcoma 
were the most frequent malignant histologies, whereas oste-
oblastoma was the most frequent benign spinal bone tumor 
that underwent EBS.

Chordoma and chondrosarcoma are rare since they are 
more often found in older patients (75% of patients are older 
than 60) [17].

Pain is very common considering that 18 out of the 22 
patients of our series complained of it at the diagnosis; 
indeed, while spinal pain is commonly experienced in the 
general population, when it is present in childhood it has to 
be considered a “red flag” and it is associated with a spine 
lesion in up to 5% of patients [18]. The onset of symptoms 
also has to be considered; a sudden pain with vertebral col-
lapse is most likely associated with an aggressive histologic 
type, while chronic symptoms are usually associated with 
slow-growing tumors; in seven out of 17 patients, pain was 
associated with a fracture, whereof five caused by a high-
grade malignant tumor and two by an aneurismal bone cyst.

A high level of suspicion has to be maintained, an MRI 
should be performed in case of doubt, and a biopsy must 
be done before surgery, moreover, in pediatric patients in 
which secondary tumors are rare. Unfortunately, 10 out 22 
patients had undergone a previous intralesional surgery in 
non-specialized centers, making the later wide surgery more 
difficult [19]; nevertheless, no statistically significant differ-
ences regarding survival are present in the two groups.

Preoperative histology is fundamental to identify the 
best approach; indeed, several histologies that are com-
mon in children must undergo neoadjuvant chemotherapy, 
such as osteosarcomas and Ewing’s sarcomas. The classi-
cal approach is based on neoadjuvant chemotherapy, wide 
surgery and then adjuvant chemotherapy. While this is 
absolutely true for osteosarcomas, some authors uphold 
the importance of radiotherapy as the main local treatment 
in Ewing’s sarcomas; nevertheless, Marco et al. show a 

higher incidence of tumor recurrence and a lower survival 
rate in patients treated only with chemotherapy and radio-
therapy compared with results reported by authors who 
performed aggressive surgery [20].

Sometimes, when there is a high risk of infection such 
as in spine and pelvis surgery, chemotherapy can be totally 
administered in a neoadjuvant schedule; indeed, an intra-
operative infection could excessively postdate adjuvant 
chemotherapy.

Indications for EBR were given case by case, based 
on histology, life expectancy and the possibility to per-
form other therapies. The indication for EBR is manda-
tory (if technically possible) in primary malignant tumors 
without metastases; however, it must also be considered 
in patients with a presumed very long survival. Indeed, 
EBS was also performed in a patient affected by a L2–L3 
neuroblastoma with a solitary lung metastasis. Indication 
was given based on the pediatric oncologist’s request; the 
patient underwent lung metastasis removal after 3 months. 
He is still alive with systemic disease at 78 months from 
index surgery.

In benign histologies, EBR was indicated to decrease 
the risk of local recurrence, difficult to approach in the 
spine. In the present series, 3 patients affected by cervical 
osteoblastoma were included; in these cases, resection was 
considered technically feasible without high risks for the 
patient; the fourth case was an aneurismal bone cyst of C1 
with a high risk of fracture and which was not treatable with 
embolization.

Different en bloc resection techniques have been 
described. Liljenqvist et al. prefer a simultaneous combined 
posterior/anterior approach [4]. This approach allows full 
control of both posterior neural structures and anterior vis-
ceral structures during resection, but it has been related to 
additional morbidity. In our study, the posterior approach 
was used in 11 patients, providing excellent exposure for 
circumferential spinal cord decompression and also allow-
ing posterior instrumentation to be extended multiple levels 
above and below the level of the disease. In tumors localized 
at L2 or below, a combined approach is often necessary to 
ensure surgical safety.

Obviously, performing an EBR is more complicated in 
children due to the smaller size of the anatomic structures, 
so double accesses are preferred, whereas single accesses are 
more frequently chosen in adults. This alternative provides 
a better visualization of the anterior vascular bundles and a 
lower risk of damaging them.

The rate of patients who experienced at least one early 
complication is consistent (22.7%), such as the risk of hav-
ing late complications (40.9%).

Our group recently published the results of EBR in 
patients above 60 years old; the early and late complication 
rates were, respectively, 64% and 37% [17]. Therefore, early 
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complications are consistently lower in the younger group, 
probably due to a lower comorbidity rate.

Blood loss and related hypotension are the most frequent 
early complications. Considering their lower circulating vol-
ume, the loss of blood has a greater impact on children than 
on adults. This loss can also be more consistent in hyper-
vascularized tumors.

Even if EBR/EBS may not open the tumor, a careful pre-
operative embolization of the feeding artery of the affected 
vertebra is recommended because it decreases the risk of 
bleeding during vertebra removal [21]. Indeed, Tomita et al. 
showed that the embolization technique dramatically reduces 
intraoperative bleeding from the tumor-involved vertebra 
without compromising spinal cord function [21].

Moreover, in a long operation the total blood loss can be 
highly relevant, so step-by-step hemostasis is mandatory.

Hypotension is an indirect complication correlated with 
hemorrhage. A correct anesthesia management that aims at 
maintaining controlled hypotension can be helpful.

Yokogawa et al. focused on incidental durotomy during 
EBS. In a series of 105 patients, they reported dural tears 
in 18 cases (17.1%). This complication is more frequent in 
older patient with a history of radiotherapy and revision sur-
gery [22]. We had one case of dural tear out of 22 patients 
(4.54%); nevertheless, no surgical mending was necessary.

Our most frequent late complications were related to con-
struct failure (27.3%), whereof two underwent surgery to 
resolve complications; proximal or distal junctional kyphosis 
with or without screw loosening could be associated with a 
short construct; nevertheless, a long stabilization can inter-
fere negatively with spinal growth. Indeed, a short stabili-
zation was initially placed in both cases and a lengthening 
had to be performed at a later time to resolve junctional 
kyphosis (Fig. 2).

The high rate of mechanical failure underlines the diffi-
culties associated with a growing spine. The high incidence 
of hardware complications in our series could be due to sev-
eral factors, such as the need to fuse a short spine segment in 
a growing patient, the size of the anatomic structures and the 
reduced effectiveness of pediatric instrumentations.

From birth to the age of five, the spine increases of an 
average value of 16 cm; successively, from 5 to 10 years 
old, the spine grows about 1.5 cm per year and then another 
7–8 cm until skeletal maturity [23].

This lengthening has to be considered to decide the lev-
els of arthrodesis. A short instrumentation allows the spine 
to grow more than a long instrumentation, but the risk of 
developing junctional kyphosis is higher. Several operations 
have to be taken into account to revise and lengthen the 
instrumentation before reaching skeletal maturity.

The reconstructed section can also fail because of 
fatigue breakdown; therefore, biological bony fusion 
was required to maintain long-term stability. Rigid 

immobilization of the graft(s) is mandatory to achieve 
grafted bone union [24, 25]. On the other side, some stress 
is needed during the reparative period to enhance biome-
chanical stimuli. The balance between these two factors is 
of paramount importance [26].

These patients’ high functional request can also play a 
role in hardware loosening and breakage.

Amendola et al. reported a complication rate of 41.7% 
in 103 EBS for primary spine bone tumors, finding a cor-
relation with the non-intact group and the complexity of 
surgery. The mortality rate related to surgical complications 
was 1.9%.

In our series, there was no case of death related to sur-
gery, whereas tumor-related mortality was 15.5% [27].

In our series, disease-free survival is quite high; this is 
explained by the mixed population of benign and malignant 
histologies.

Only considering the population affected by high-grade 
malignant tumors, the 5-year survival rate is 69.23%, but just 
2 out of 5 patients (the sixth has a shorter follow-up) are still 
alive at 5 years from index surgery.

This value, although based on too few cases, is similar to 
that reported for osteosarcomas of the limbs; therefore, spine 
osteosarcoma operated with adequate wide margins can have 
a survival rate similar to limb osteosarcoma.

Moreover, all cases of osteosarcoma that died had local 
recurrence, underlining that this event presents an important 
negative prognostic value.

In our series, there was no case of death related to surgery 
and the tumor-related mortality was 22.72%.

The treatment of pediatric patients with primary spi-
nal bone tumors is a challenge. These patients must be 
approached in specialized centers since several profession-
als are necessary to assess the patient, diagnose the tumor 
and decide the most appropriate treatment options and plan-
ning. The eradication of the tumor is important in preventing 
relapses; therefore, wide surgery is necessary; considering 
the difficult technique and high level of expertise necessary 
to perform an EBS, trained surgical teams and specialists are 
mandatory to be able to foresee and manage every possible 
complication. In this younger age-group, complications were 
linked to the decreased amount of circulating blood and to 
the fact that the patients had not reached skeletal maturity. 
In our series, all early and late complications were success-
fully treated.
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