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Abstract

Purpose A retrospective study of 32 patients with oste-

oblastoma (OBL) in the mobile spine was performed to

analyze the clinical characteristics of two types of spinal

OBL. We also aimed to find influential factors for OBL in

the mobile spine.

Methods Between 2002 and 2011, 32 patients with either

conventional osteoblastoma (CO) or aggressive osteoblas-

toma (AO) in the mobile spine were treated in our center.

All patients were treated with either total excision or sub-

total excision ? postoperative radiotherapy. The mean

follow-up was 45.8 (18–128) months. Clinical data and

surgery efficacy were analyzed to search for clinical

characteristics of two subtypes of spinal OBL and discuss

the possible factors influencing relapse.

Results There is significant difference between CO and

AO in tumor size (p \ 0.0005), preoperative alkaline

phosphatase (ALP, p \ 0.0005) and intraoperative blood

loss (p = 0.013). Multivariate logistic regression was used

to find the influential factors for relapse and the results

were: preoperative ALP, b = 0.023, p = 0.029; surgery

protocol, b = -7.597, p = 0.007; tumor size, C3/\3,

b = 24.805, p \ 0.0005; age, b = 0.054, p = 0.632; and

pathology type, b = 1.998, p = 0.34.

Conclusions Tumor size, preoperative ALP and CT

images were helpful for distinguishing AO from CO. The

difference in intraoperative blood loss between CO and AO

is mainly attributed to the size of the lesion. Preoperative

ALP, surgery protocol and tumor size (C3/\3) were con-

sidered to significantly influence relapse of spinal OBL.
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Introduction

Osteoblastoma (OBL) is a rare, benign, primary bone

tumor that currently accounts for 1 % of all bone tumors

and 3 % of benign bone tumors, with one-third of OBL

arising from the spine [1, 2]. In 1956, Jaffe and Lichten-

stein [3, 4] independently differentiated OBL from osteoid

osteoma and established benign osteoblastoma as a specific

term. In 1984, Dorfman and Weiss [5] reported on

aggressive osteoblastoma and defined it as a borderline

osteoblastic tumor entity with the histologic feature of

epithelioid osteoblasts, and a higher recurrence rate and

malignant transformation capability.

Since the definition of AO in 1984, some authors tried to

describe this uncommon subtype of OBL. But due to its

rarity, there were only some case reports in literature,

let alone systematic and detailed description about clinical

characteristics and therapeutic outcome of AO.

Surgical resection is generally recognized as the first

choice of treatment for spinal OBL, while the efficacy of
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radiotherapy is still in dispute [6–8]. Relapse is not

uncommon after surgery and incomplete excision of the

tumor is regarded as the main reason.

In this retrospective study, we sought to identify the

clinical characteristics of the two subtypes of OBL by

analyzing the clinical data of 32 patients who were with

either CO or AO in the mobile spine and treated in our

bone tumor center between 2002 and 2011. Furthermore,

clinical data and surgery efficacy were analyzed to find the

factors associated with relapse. As far as we know, this

study is the first large series designed to study AO,

although there were some case reports about AO in the

literature.

Patients and methods

A total of 40 patients with OBL in the mobile spine who

received operation in our center were identified from 2002

to 2011; 8 of them had already accepted treatment at

another institution. The other 32 patients were regarded as

‘‘intact’’ cases since they did not receive surgical inter-

vention and any other treatment before admission into our

institution and were selected to be analyzed as a series.

Their clinical data, including symptoms, signs, radiographic

features, surgery information, and detailed pathologic

workup were recorded and preserved (Supplemental Table).

Two independent pathologists (Hongyu Yu and Bing-

bing Li) were invited to review all the histology slides for

differentiating pathological types. Moreover, the results of

the classification were confirmed by the ‘‘Shanghai clini-

copathological discussion seminar’’ which was held in our

hospital every Thursday afternoon.

Of the 32 patients with OBL in the mobile spine, 20

cases were diagnosed as conventional osteoblastoma (CO)

and 12 cases were aggressive osteoblastoma (AO). Alka-

line phosphatase (ALP) was assayed in 27 patients (17 CO

and 10 AO) via a chemiluminescence immunoassay, with

the standard normal range being 15–112 l/l (Supplemental

Table).

All the patients accepted surgery in our department. Our

principle of selecting the surgery protocol is that total

excision is the first considered choice, and subtotal exci-

sion ? postoperative radiotherapy (RT) is adopted when

total excision is hard to achieve. Local conventional

radiotherapy was undertaken 4–6 weeks after surgery and

the total dose administered over 20 applications ranged

from 30 to 50 Gy. For patients with neurologic disorders,

intravenous injection of mecobalamin 0.5 mg was given

once a day for continuous 7 days, followed by mecobalamin

tablets 0.5 mg orally taken three times a day for 3 months.

The mean follow-up period was 45.8 months (range

18–128). Follow-up data were obtained from follow-up

visits and telephone interviews. In addition, neural function

was re-evaluated 3 months after surgery according to the

Frankel score system (Supplemental Table).

Results

Patient features

In our series, the mean age for OBL, CO, and AO was 24.3,

26.3, and 23.5 years, respectively, with approximately

70 % of the patients under 30 years old. The patients with

CO seemed older than those with AO, but there was no

statistical significance (p = 0.557, Table 2). A higher

male:female ratio was found in AO, with 1.86:1, 3:1 for

CO and AO.

Symptoms and neurological findings

Dull and localized pain in the spine was the most common

initial complaint, and the mean duration of symptoms was

16.2 months for all patients with OBL, with 20.7 months

for CO and 9.2 months for AO (p = 0.113, Table 2). The

aggressive trend of pain was more common in CO (60 %)

than in AO (33.3 %) (p = 0.236), and six patients with CO

(30 %) eventually suffered intense pain. In addition, 40 %

of patients with CO suffered a dull pain that worsened at

night.

Neurologic disorders were found in 60 % of the patients

with CO and 91.7 % of the cases with AO (p = 0.054,

Table 2). Spinal deformity was also more common in AO

(41.7 %) than CO (20 %) (p = 0.187, Table 2).

55 % of CO involved the cervical spine (C1–T1), while

the thoracic spine (T2–T12) was infringed by 50 % of AO.

As for the domain of tumor involvement, 70 % of CO

infringed on one vertebral level and 50 % of AO infringed

on two vertebral levels.

Laboratory blood test findings

The preoperative ALP levels were 120.6 and 292.6 l/l for

cases with CO and AO, respectively (p \ 0.0005, Table 2),

while the positive/negative values of ALP were 7/10 and

8/2 for cases with CO and AO, respectively (p = 0.0499,

Table 2). For the six patients with both preoperative ALP

and postoperative ALP, there was a significant drop after

operation (p = 0.036).

Radiological findings

The typical circular high-density shadow imaging was

found in 35 % of patients with CO, but normal imaging
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appeared in 50 % of the CO cases and 25 % of AO cases.

There was obvious difference in CT images that all AO

showed lytic imaging and 55 % of CO appeared in osteo-

genic imaging, with 10 % of CO showing lytic imaging

and the others in mixed imaging (Fig. 1). Furthermore,

typical MRI imaging (low T1 signal and high T2 signal)

was found in 60 % of patients with CO and 83.3 % of the

AO cases.

Staging findings

There was significant difference between CO and AO in

extraosseous paravertebral (layer A) involvement and epi-

dural space (layer D) involvement (p = 0.003, 0.008,

Table 2). Moreover, the size of AO (4.3 cm) was much

bigger than that of CO (2.7 cm) (p \ 0.0005, Table 2).

Treatment and outcome

Needle biopsy was performed in all patients before surgery

and the result was OBL without further classification. Two

types of surgery protocol were undertaken to treat the

tumors: total excision (including en bloc resection) and

subtotal excision ? postoperative radiotherapy (Table 1).

There was more intraoperative blood loss in patients with

AO (2,350 ml) than those with CO (1,172.5 ml)

(p = 0.013, Table 2). Local relapse occurred in seven

patients (2 CO and 5 AO); two-thirds of the patients

accepting subtotal excision ? postoperative radiotherapy

suffered relapse, while only one patient with AO who

accepted total excision suffered relapse. Logistic regression

was used to analyze possible factors influencing recurrence

(age and preoperative ALP used as covariate, surgery

protocol, pathology and tumor size (C3/\3) used as fac-

tors) and the results were that preoperative ALP

(b = 0.023, p = 0.029), surgery protocol (b = -7.597,

p = 0.007) and tumor size (C3/\3) (b = 24.805,

p \ 0.0005) could significantly influence relapse (Table 3).

Although Chi-square test showed that patients with AO had

higher relapse rate (p = 0.036, Table 2), it was not sup-

ported by logistic regression.

Fig. 1 CT images of OBL. a CT images of a patient with CO presenting with an expansile lesion with peripheral hardening. b CT images of a

patient with AO presenting mainly lytic imaging

Table 1 Treatment protocols and recurrence in two types of osteo-

blastoma in the mobile spine

CO AO

n Relapse % n Relapse %

Treatment

Subtotal ? RT total 3 2 66.7 6 4 66.7

Total 15 0 0 4 1 16.7

En bloc 2 0 0 2 0 0

Table 2 Clinical data contrast of two types of osteoblastoma

CO AO p value

Age 26.3 ± 16.1 23.5 ± 10.5 0.557

Duration of symptoms

(m)

20.7 ± 23.3 9.2 ± 8.6 0.113

Neurologic disorders

(±)

12/8 11/1 0.054

Spinal deformity (±) 4/16 5/7 0.187

Extraosseous

paravertebral (layer

A) involvement

6/14 10/2 0.003

Epidural space (layer

D) involvement

7/13 10/2 0.008

Preoperative ALP

(l/l)

120.6 ± 55.8 292.6 ± 163.5 \0.0005

ALP (?)/ALP (-) 7/10 8/2 0.0499

Intraoperative blood

loss (ml)

1172.5 ± 864.1 2350 ± 1669.4 0.013

Tumor size (cm) 2.7 ± 1 4.3 ± 0.8 \0.0005

Relapse (±) 2/18 5/7 0.036*

Follow-up (m) 48.5 ± 35.7 41.4 ± 29 0.548
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Pathology findings

The existence of epithelioid osteoblasts that are plump and

larger than the osteoblasts of CO is the main pathological

feature of AO, together with tumor invasion of cortical

bone. These features formed our standard for the diagnosis

of AO. Eosinophilic cytoplasm, more prominent nucleoli,

and larger and irregular trabeculae were found in AO. In

addition, osteoclast-like cells were more frequently found

in AO than CO. Mitoses and mild cellular pleomorphism

that do not appear in CO were occasionally found in AO.

Neurologic status

The pain in all patients was significantly relieved soon after

surgery and was mostly absent by their 3-month follow-up

visit. For patients with spinal deformity, the deformity

improved or disappeared during the postoperative follow-

up period. Most of the patients with neurologic disorders

experienced improvement and a 1–2 grade decrease in

Frankel scores. The neurologic status of all 32 cases did not

worsen in the early postsurgical period.

Discussion

As rare, benign primary bone tumor, osteoblastoma (OBL)

can be divided into two subtypes: conventional osteoblas-

toma (CO) and aggressive osteoblastoma (AO). The aims

of our retrospective study were as follows: to search for the

clinical characteristics helpful in distinguishing the two

subtypes of OBL and to find possible factors influencing

the relapse of OBL in the spine.

In our series, more than two-thirds of patients with OBL

were under 30 years (mean 24.8 years) with total mal-

e:female ratio of 2.2:1, consistent with previous studies [2,

9]. Some authors believed that AO generally affected an

older age group than CO, but our results did not support

this point [10, 11]. Furthermore, we found a higher male:

female ratio in patients with AO.

Dull and localized pain was the most common initial

complaint for patients with either CO or AO. The duration

of symptoms is obviously longer in patients with CO

(20.7 months) than cases with AO (9.2 months), although

the difference was not statistically significant. In our

opinion, the difference may be due to the aggressive

growth and higher growth rate of AO. The aggressive trend

of pain was also more common in patients with CO than

cases with AO, while intense pain and aggravated pain at

night only occurred in patients with CO. But AO was more

likely to cause spinal deformity and neurologic disorders

than CO, because AO had a significantly larger scope of

tumor involvement and size.

In our series, CO was most likely to infringe upon the

cervical spine, while the thoracic spine was the most

favorite position for AO. AO tended to involve more seg-

ments with half of AO encroaching on two segments and

more than two-thirds of CO involving one segment.

Phosphate monoester hydrolase is bound up with bone

metabolism in the human body. Alkaline phosphatase

(ALP) can catalyze the hydrolysis and transfer of phos-

phate groups under alkaline conditions and is also regarded

as an early marker of osteoblast differentiation; thus, ALP

is involved in the production of a mineralized matrix [12].

Many authors have suggested that ALP might be a tumor-

associated antigen and used as a monitor of drug efficacy in

serum [13–16]. In our study, preoperative ALP was sig-

nificantly higher in patients with AO than those with CO

(p \ 0.0005), and there is statistical difference between CO

and AO in positive/negative value of ALP (p = 0.0499).

Furthermore, a very high ALP value ([225 l/l) was found

in 70 % of the patients with AO (Supplemental Table).

Therefore, ALP can serve as a clinical screening index for

differentiating AO from CO. Furthermore, we found a

significant drop in ALP after surgery.

Plain radiography is the most common radiological

choice and is thought to have great value for diagnosing

spinal OBLs [17–20]. However in our study, normal ima-

ges were found in half of the patients with CO and one-

fourth of cases with AO, which might cause a high number

of misdiagnoses if it were the only diagnostic tool used.

Therefore, we believe that plain radiography is not a reli-

able method and can lead to misdiagnosis of OBL in the

spine.

The features of spinal OBL on MRI are often nonspe-

cific and sometimes lead to a more aggressive or malignant

diagnosis as a result of the localized inflammatory response

elicited by the tumor [21–23]. Therefore, CT which has

advantages in displaying bone structure change is a better

radiological choice for diagnosis and can help to confirm

the location, size, and extent of the tumor [21, 22]. In our

series, CT showed obvious difference between CO and AO.

More than half of CO appeared as osteogenic images, while

all AO showed lytic images (Fig. 1). So, we think that CT

might be able to provide help for distinguishing CO and

AO.

Table 3 The results of multivariate logistic regression

b p

Age (years) 0.054 0.632

Preoperative ALP (l/l) 0.023 0.029

Pathology type 1.998 0.34

Surgery protocol -7.597 0.007

Tumor size (C3/\3) 24.805 \0.0005
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Histologically, the existence of plump and large epi-

thelioid osteoblasts as well as invasion of cortical bone

were the main feature of AO, eosinophilic cytoplasm, more

prominent nucleoli, larger and irregular trabeculae were

found in AO. Furthermore, mitoses and mild cellular

pleomorphism which did not appear in CO were occa-

sionally found in AO.

Surgical resection is recognized as the most effective

treatment for OBL in the spine [6–8]. Although few

researchers believed that subtotal excision (curettage) or

resection without a wide margin was sufficient for spinal

OBL because of its benign nature and limited growth, the

vast majority of experts held the view that radical surgical

resection was the best possible treatment [2, 4, 6, 8, 17, 24–

28]. In our series, total excision had a much better outcome

than subtotal excision ? postoperative RT, which had a

quite high relapse rate in both CO and AO. The results of

multivariate logistic regression also confirmed that total

excision could significantly reduce relapse rate. The result

that none of the 17 patients with CO accepting total exci-

sion suffered relapse enabled us to consider that total

excision was adequate for CO. In patients with AO, one out

of four patients with total excision and none of two patients

with en bloc resection suffered relapse. Does en bloc

resection have better outcome for AO than total excision?

Obviously we could not come to the conclusion according

to our series, but we also think en bloc resection is a good

proposal for AO when it is possible.

Because OBL is a high vascular tumor, surgery is often

accompanied by much intraoperative blood loss. In our

study, intraoperative blood loss was 1,614 ml for all

patients with spinal OBL and patients with AO suffered

much more blood loss than those with CO, which could be

attributed to the larger scope and subsequent larger resec-

tion range in the treatment of AO. Preoperative emboli-

zation has been reported to reduce intraoperative bleeding

significantly and can be used as an adjunctive therapy for

highly vascular spinal tumors, such as giant cell tumor

(GCT) and aneurysmal bone cysts (ABC) [37–39].

Although we did not use it in this series, we still consider

preoperative embolization a meaningful attempt for spinal

OBL, which is a high vascular tumor and often accompa-

nied by a huge amount of intraoperative blood loss.

The effect of radiotherapy is still in dispute. Some

experts insisted that radiotherapy was of no benefit for

spinal OBL, while others believed that it was an effective

adjuvant treatment when total excision was not possible [4,

8, 17, 24, 29–34]. We clearly found that the protocol of

subtotal excision ? postoperative RT resulted in quite high

relapse rate, so radiotherapy might provide little help for

reducing relapse.

On analyzing the possible factors influencing relapse,

we found that preoperative ALP, surgery protocol and

tumor size (C3/\3) were effective factors for relapse,

while age and pathology type were not. Higher preopera-

tive ALP, subtotal excision and tumor size (C3) could

result in higher relapse rate. Dorfman and some authors

considered that AO had a higher recurrence rate and

malignant transformation capacity, but there have been

only a few case reports in literature [5, 11, 35, 36]. How-

ever, in our study, the pathology type could not signifi-

cantly influence the relapse rate and no malignant

transformation was found in patients with AO.

Conclusion

Compared with CO, AO is associated with relatively mild

pain, but more spinal deformity and neurologic disorders,

shorter duration of symptoms, wider range of involvement

and larger size. Preoperative ALP and CT images can also

provide help for distinguishing AO from CO.

As subtotal excision easily leads to relapse, total exci-

sion should be strived for whenever possible. Preoperative

ALP, surgery protocol and tumor size (C3/\3) can sig-

nificantly influence relapse, while age and pathology type

cannot.
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