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Association between surgical results
and recurrence in benign and intermediate
osteogenic spine tumors — osteoid osteomas and

osteoblastomas

Souvislost mezi vysledky operace a rekurenci
benignich a intermediarnich osteogennich
tumort patere — osteoidnich osteomu

a osteoblastomu

Abstract

Background: Osteoma and osteoid osteoma are classified as benign subtypes of osteogenic
spinal tumors, and osteoblastoma is classified as an intermediate subtype. This study aimed
to present our surgical approach for patients with these tumors and to provide information
about the relationship between surgical treatment and recurrence. Methods: Eighteen patients
who underwent surgery in our department were retrospectively evaluated. Demographic
characteristics, presentation complaints, and preoperative neurological findings were examined.
The Enneking classification system was used for staging, and the Spinal Instability Neoplastic
Score was used for spinal instability assessment. Results: There were six males and three females
(16-54 years of age, mean age: 31.2) among the patients with osteoid osteoma and six males and
three females (5-32 years of age, mean age: 17.9) among the patients with osteoblastoma. In all
patients with osteoid osteoma, the Enneking stage was |, and gross total resection was performed.
One patient was potentially unstable, and stabilization was performed after resection. Among
patients with osteoblastoma, there were 44.4% at Enneking stage Il and 55.6% at Enneking stage |Il.
One patient was potentially unstable, and stabilization was performed after resection. Gross total
resection was performed in 77.8% of the osteoblastoma cases. Recurrence was observed in 22.2%
of the cases. Recurrences were Enneking stage Il in cervical localization and patients underwent
subtotal resection. Conclusion: Recurrences and the need for reoperation were more frequent in
Enneking stage lll osteoblastomas and in cases in which the patient underwent subtotal resection,
particularly in patients with cervical spine tumors.
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Souhrn

Vychodiska: Osteom a osteoidni osteom jsou klasifikovény jako benigni podtypy osteogennich nador pétefe a osteoblastom je klasifikovan jako
intermediarni podtyp. Cilem tento studie bylo predstavit nas chirurgicky pfistup k pacientim s témito nddory a poskytnout informace o vztahu
mezi chirurgickou lé¢bou a recidivou. Metody: Retrospektivné bylo hodnoceno 18 pacientd, kteff podstoupili operaci na nasf klinice. Byly zkoumany
demografické charakteristiky, obtize v dobé prezentace onemocnéni a pfedoperacni neurologické ndlezy. Pro staging byl pouzit Ennekinglv
klasifika¢ni systém a pro hodnoceni nestability patefe bylo pouzito Skére neoplastické nestability patere (Spinal Instability Neoplastic Score; SINS).
Vysledky: Mezi pacienty s osteoidnim osteomem bylo $est muz{ a tfi Zeny (ve véku 16-54 let, prdmeérny vék 31,2 let) a mezi pacienty s osteoblastomem
sest muzl a tfi zeny (ve véku 5-32 let, primérny vék 179 let). Vsichni pacienti s osteoidnim osteomem méli podle Ennekingovy klasifikace stadium
I'a byla u nich provedena rozsahla totalni resekce. Jeden pacient byl potencidlné nestabilnfa po resekci u néj byla provedena stabilizace. Mezi pacienty
s osteoblastomem mélo 44,4 % onemocnéni ve stadiu Il a 55,6 % ve stadiu Il podle Ennekingovy klasifikace. Jeden pacient byl potencidlné nestabilni
a po resekci u néj byla provedena stabilizace. V 77,8 % pfipadl osteoblastomu byla provedena rozséhla totaini resekce. Recidiva byla pozorovana
u 22,2 % pfipadd. Podle Ennekingovy klasifikace byly recidivy lokalizované v kréni patefi ve stadiu lll a pacienti podstoupili subtotalni resekci. Zdveér:
Recidivy a nutnost reoperace byly ¢astéjsi u osteoblastomt stadia lll podle Ennekingovy klasifikace a v pfipadech, kdy pacient podstoupil subtotalni

resekci, zejména u pacientd s nadory kréni patere.

Introduction

While osteoid osteomas (OO) and osteoblas-
tomas (OB) were previously considered to be
the same entities due to their similar histo-
logical appearances, they were later treated
as different diseases in the literature due to
their different radiological and clinical fea-
tures [1]. OOs and OBs are defined as osteo-
genic spine tumors. The benign and inter-
mediate osteogenic tumors of the spine that
have not been changed in the update of the
World Health Organization 2020 classifica-
tion are osteomas, OOs, and OBs [2]. While
OOs and osteomas are classified as a sub-
type of benign osteogenic spinal tumors,
OB is classified as intermediate.

Osteoid osteoma was first described by
Bergstrand in 1930. It was later reported by
Jaffe in 1935 as a benign bone tumor in the
form of vascular osteoid tissue surrounded by
a dense sclerotic bone margin [3]. OBs, on the
other hand, were defined by Jaffe and Lichten-
stein in 1956 as vascular osteoid and bone-
shaped tumors that contain many osteoblasts,
are benign in appearance and occur mainly in
the vertebral column [4,5]. While OOs and OBs,
which are rare tumors, are observed in 3% and
1% of all primary bone tumors, respectively,
their rates of incidence in the vertebral column
are 20% and 40%, respectively [6-9].

Osteoid osteomas are usually smaller than
1cm and are self-limiting, while OBs are
larger than 1cm, can be seen expanding into
the canal, and rarely become malignant [10].
Radiographically, both lesions appear as
mixed density and are usually surrounded
by a well-circumscribed sclerotic periphery.
OOs generally show a larger area of sclerotic
bone formation than OBs, whereas OBs are
known to enlarge and erode the surround-
ing bone [11,12].

In the literature, many studies classify dif-
ferent aspects of these tumors, including
staging, anatomical relationships, and ef-
fects on stability [13,14].

The aim of this study was to present our
surgical approach to osteogenic spine tu-
mors by examining them in light of classi-
fications and to provide information about
the relationship between surgical treatment
and recurrence.

Materials and methods

Six hundred and one patients operated on
for spinal tumors in Umraniye Training and
Research Hospital Neurosurgery Depart-
ment between 2010 and 2020 were retro-
spectively analyzed from patient charts. Five
hundred and eighty-three patients whose
histopathological diagnosis was not OO or
OB were excluded from the study. Nine pa-
tients who underwent surgery for OO and
nine who underwent surgery for OB be-
tween 2014 and 2020 were retrospectively
evaluated.

Our study examined the patients’ demo-
graphic characteristics, presentation com-
plaints, and preoperative neurological find-
ings. In addition, the patients’ CT and MRI
were evaluated preoperatively. Patients with
suspected spinal tumors in their preopera-
tive radiological imaging were operated on
for tumor resection and histopathological
diagnosis. The Enneking classification sys-
tem was used for staging [15].

The Enneking classification indicates the
aggressiveness level of the tumor and con-
sists of three components: Stage |, II, and Il
tumors [13,15].

- Stage | — latent or inactive tumor sur-
rounded by a well-circumscribed capsule;
grows very slowly.

- Stage Il — active tumor surrounded by
a thin capsule and a reactive tissue layer;
grows slowly.

- Stage Il - aggressive tumor surrounded by
a very thin incomplete or absent capsule;
a wide reactive hypervascular pseudo-cap-
sule invades neighboring tissue; grows very
rapidly; associated with high recurrence
rate; histological features include large epi-
thelioid osteoblasts either rimming the os-
teoid or forming a clustered matrix.

The Spinal Instability Neoplastic Score
(SINS) was used for the spinal instability as-
sessment [16]. Patients who had no spinal
instability (SINS < 7) underwent tumor re-
section and decompression surgery, and pa-
tients who had spinal instability (SINS > 7)
underwent decompression and stabilization
procedures. The same senior surgeon per-
formed all the surgeries.

The amount of resection was evaluated in
terms of subtotal or total resection with con-
trast-enhanced MRI performed within the
first 48 h. Neurological examinations and ad-
ditional complaints noted before discharge
in the postoperative period were included
in the study.

Patients were followed for 24-125 months
(mean 51.7 months) in the late postopera-
tive period, and additional complaints and
neurological examinations recorded dur-
ing follow-up were included in the study.
The patients were evaluated for recurrence
with contrast-enhanced MRI during the fol-
low-up period.

Results

The pathologies of the patients included in
the study were reported as nine OOs and
nine OBs (Tab. 1).
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Tab. 1. Tumor pathologies and locations, demographic characteristics, presence of tumor resection, presence of recurrence, type
of surgery, Spinal Instability Neoplastic Scores, and Enneking stages of the patients.
Pathology  Location Age Sex Resection Recurrence  Surgery SINS Enneking

1 00 L1 26 male GTR no R 4 1
2 00 T10-1 16 male GTR no R 5 1
3 00 L5 28 female GTR no R 5 1
4 00 sacrum 47 female GTR no R 4 1
5 00 4 22 male GTR no R+F 7 1
6 00 T5-7 23 female GTR no R 3 1
7 00 T3 44 male GTR no R 3 1
8 00 L4 21 male GTR no R 6 1
9 00 sacrum 54 male GTR no R 5 1
10 OB L1 14 female GTR no R 4 2
1 OB C5 7 female STR yes R 6 3
12 OB (@ 21 male STR yes R 6 3
13 OB T9-10 32 female GTR no R 3 3
14 OB 18 28 male GTR no R 3 2
15 OB L5-51 14 male GTR no R 5 2
16 OB L5 25 male GTR no R 6 2
17 OB T 15 male GTR no R 5 3
18 OB C5 5 male GTR no R+F 8 3
F — fusion; GTR — gross total resection; OB — osteoblastoma; OO - osteoid osteoma; R - resection; STR — subtotal resection

Fig. 1. Images of the osteoblastoma patient who underwent instrumentation (Patient 18): (A) preoperative axial CT image; (B) preo-
perative axial T2-weighted MRI image; (C) preoperative axial postcontrast T1-weighted MRl image; (D) postoperative axial CT image;
(E) postoperative axial T2-weighted MRI image; (F) postoperative axial postcontrast T1-weighted MRl image.

Obr. 1. Snimky pacienta s osteoblastomem, ktery podstoupil instrumentaci (pacient 18). (A) pfedoperacni axialni obraz CT; (B) pfedo-
peracni axidlni T2-vazeny obraz MR; (C) predoperacni axidlni postkontrastni T1-vazeny obraz MR; (D) pooperpacni axiadlni obraz CT; (E)
pooperpacni axidlni T2-vazeny obraz MR; (F) pooperacni axidlni postkontrastni T1-vaZzeny obraz MR.
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Fig. 2. Images of the patient with recurrent osteoblastoma (Patient 11) before recurrence: (A) preoperative axial CT image; (B) preo-
perative axial T2-weighted MRI image; (C) preoperative axial postcontrast T1-weighted MRl image; (D) postoperative axial CT image;
(E) postoperative axial T2-weighted MRI image; (F) postoperative axial postcontrast T1-weighted MRl image.

Obr. 2. Snimky pacientky s rekurentnim osteoblastomem (pacientka 11) pfed rekurenci: (A) pfedoperacni axidlni obraz CT; (B) pfedope-
ra¢ni axialni T2-vazeny obraz MR; (C) pfedoperacni axidlni postkontrastni T1-vazeny obraz MR; (D) pooperacni axidlni obraz CT; (E) po-
operacni axialni T2-vazeny obraz MR; (F) pooperacni axialni postkontrastni T1-vazeny obraz MR.

Osteoid osteoma

The patient population consisted of six
males and three females, with a mean age of
31.2 years (range: 16-54 years).

The primary presenting complaint was
axial pain associated with the localization
of the tumor in seven (77.8%) patients and
radicular pain in two (22.2%) patients. Cervi-
cal localization was observed in one (11.1%)
patient, thoracic in three (33.3%), lumbar in
three (33.3%), and sacral localization in two
(22.2%) patients. The Enneking stage was
found to be l'in all OO cases (100%).

The SINS score was found to be seven in
one case and less than seven in eight cases.
Gross total resection was performed in all
(100%) of the patients. In the patient with
a SINS score of seven, a stabilization proce-
dure was performed after resection. No neu-
rological deficit was observed after surgery
in the short or long term.

Osteoblastoma

The patient population consisted of six
males and three females, with a mean age of
179 years (range: 5-32 years).

The primary presenting symptom was
axial pain associated with the localization of
the tumor in six (66.7%) patients and radicu-
lar pain in three (33.3%) patients. Neurologi-
cal deficits were not observed in any of the
patients. Cervical localization was observed
in three (33.3%) cases, thoracic in three
(33.3%), lumbar in two (22.2%), and lumbosa-
cral localization in one (11.1%) case.

The Enneking stages were found to be
stage Il in four patients (44.4%) and stage Il
in five patients (55.6%). The SINS score was
found to be eight in one patient and less
than seven in eight patients.

Gross total resection was performed in
seven (77.8%) patients, and subtotal re-
section was performed in two (22.2%) pa-
tients. Eight patients were operated on only
for tumor resection, while fusion was per-
formed after resection in one (11.1%) patient
with a SINS score of 8 (Fig. 1).

No neurological deficits were observed
during the postoperative period. Recurrence
was observed in two patients (22.2%) (Pa-
tient 11 and 12) with Enneking stage Il cervi-
cal spine OB who underwent subtotal resec-

tion. Both cases underwent revision surgery
for radical decompression and instrumenta-
tion surgery. Patient 11, a pediatric case, ex-
hibited a small residual lesion following the
initial surgery. The family initially declined fur-
ther surgical intervention. Two years later, the
onset of acute C5 motor lesion necessitated
a comprehensive revision surgery involving
both anterior and posterior approaches. (Fig.
2-3). Patient 12, who presented with recur-
rent disease, had previously undergone surgi-
cal intervention at another facility. Given the
extensive tumor invasion observed, a com-
bined anterior and posterior approach at the
craniovertebral junction was executed. De-
spite these comprehensive efforts, certain
tumor remnants remained inaccessible. How-
ever, a new recurrence and transformation to
osteosarcoma was observed, and this patient
died because of multiple metastases.

Discussion

Osteoid osteomas and OBs demonstrate
different characteristics and behaviors. OBs
were diagnosed in younger patients (mean
age 179) when compared to OOs (mean age
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Fig. 3. Images of the patient with recurrent osteoblastoma (Patient 11) after recurrence: (A) axial CT image; (B) axial T2-weighted MRI
image; (C) axial postcontrast T1-weighted MRl image; (D) postoperative axial CT image; (E) postoperative axial T2-weighted MRl image;
(F) postoperative axial postcontrast T1-weighted MRI image.
Obr. 3. Snimky pacientky s rekurentnim osteoblastomem (pacientky 11) po rekurenci: (A) axidlni obraz CT; (B) axialni T2-vazeny obraz
MR; (C) axidlni postkontrastni T1-vazeny obraz MR; (D) pooperacni axialni obraz CT; (E) pooperacni axidlni T2-vazeny obraz MR; (F) po-
operacni axidlni postkontrastni T1-vazeny obraz MR.

31.2) in the current study. The study also re-
vealed that OOs are not aggressive tumors
and are commonly Enneking stage 1, while
OBs are commonly Enneking stage Il and Il
Furthermore, when comparing SINS scores,
both tumors may cause primary or iatro-
genic spinal instability. However, the risk of
primary and iatrogenic instability is more
common in OBs.

The Enneking classification system has
been widely used for the staging of spinal
tumors. Each stage represents the level of
aggressiveness in osteogenic tumors. There-
fore, knowing the stage of the tumor before
surgery is important.

Since almost all cases of OO are accepted
as Enneking Stage |, there is no detailed pub-
lication on the Enneking staging of OOs.
However, there are many reports on the
staging of OBs based on the Enneking classi-
fication. Previous publications have reported
different rates of stages Il and Il in OBs.

In some studies, OBs have been classi-
fied as stage Il in 72-80% of cases and as
stage Ill in 20-28% of patients [14,17,18],
while in other studies, stage Il was reported

as 20-25%, and stage lll was reported as
75-80% [13,19]. In our OB series, four cases
(44.4%) were stage Il, and five (55.6%) were
stage Il

Although OBs are considered benign or
intermediate bone tumors, they can pro-
gress more aggressively and show malig-
nant transformation or cause local recur-
rence [9,20-22]. Therefore, most research
recommends intralesional gross total resec-
tion for Enneking stage Il lesions and en bloc
resection when “anatomically appropriate”
for Enneking stage Il lesions [13,14,18].

Recurrence rates of 10-24% for stage Il tu-
mors and up to 50% for stage Ill OBs have
been reported [13,19-21,23] Recurrence was
observed in 2 (22.2%) of our patients who
had stage Ill osteoblastoma. In other words,
while there was no recurrence in our stage
Il OBs, the rate of recurrence in the stage lll
OBs was 40%.

An essential factor to consider when plan-
ning resections for all spinal tumors is the risk
of iatrogenic instability. Although SINS scor-
ing has been defined primarily for meta-
static disease, there are examples of it being

used in different spinal tumors [24-27]. Elder
etal. used SINS for the first time in OB [14].
In their study, they applied fusion to all pa-
tients with a SINS score of six or greater. In our
study, 11.1% of the OO patients and 11.1% of
the OB patients had SINS scores greater than
six. In these patients, total resection and fu-
sion were performed, and no recurrence was
observed in the postoperative period. Our
study also demonstrated that aggressive re-
section of tumors dictates stabilization and
fusion. The risk of instability was much higher
in pediatric cases with cervical spine tumors.

This study is the first to use the Enneking
and SINS classifications together in benign
and intermediate osteogenic spinal tumors
(OO and OB).

Our study shows that recurrence and the
need for reoperation are more frequent in
patients with a high Enneking stage and
subtotal resection, especially in the cervi-
cal region. However, the SINS score should
be considered in these patients to evaluate
instability. This is in agreement with pre-
vious studies [14]. The most important limi-
tation of our study was the small number of
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patients, but the diseases examined in the
study are rare by nature. However, to apply
a standard treatment protocol, the study in-
cluded patients who were operated on by
the same primary surgeon in the same oper-
ating room with the same equipment.

Recurrence and the need for reoperation
are more frequent in patients with Enneking
stage Il OBs and in patients who underwent
subtotal resection, particularly in patients
with cervical spine tumors. In the case of En-
neking stage Ill tumors, radical surgery is the
preferred treatment modality. However, pa-
tient preferences, familial decisions, charac-
teristics of tumors, or prior surgical interven-
tions may impose constraints on the choice
of surgical approach. The SINS scoring sys-
tem may help in the assessment of instabil-
ity in these cases.

Ethical aspects
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