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A B S T R A C T

Background and objective: Chondroblastoma is difficult to treat as the tumor is surrounded by both articular
cartilage and the epiphyseal plate. The differences in joint shape further complicate the problem. This retro-
spective study evaluates the efficacy of intraregional aggressive curettage and allogeneic bone grafting for
treating chondroblastoma of the adjoining knee joint.
Methods: From February 2010 to February 2017, 36 patients with chondroblastoma of the adjoining knee joint
were identified. All patients were treated with intraregional aggressive curettage, phenolization, and allogeneic
bone grafting. Follow-up for lesion healing, local recurrence, functional outcomes and secondary osteoarthritis
were assessed both clinically and radiologically.
Results: Thirty-six patients (mean age 17 years) were enrolled with a mean follow-up of 51.8 months (18–98
months). The tumor locations were as follows: distal femur (14), proximal tibia (20), and patella (2). Only 1
patient relapsed, 10 months post-operation. All patients had good bone healing. No knee varus or valgus de-
formity developed. The mean Musculoskeletal Tumor Society functional score was 28.6 ± 1.1 post-operation.
At the last follow-up, secondary osteoarthritis was found in 1 patient, the patient was asymptomatic.
Conclusions: Intraregional aggressive curettage, phenolization, and allogeneic bone grafting are effective for
treatment of chondroblastoma of the adjoining knee joint.

1. Introduction

Chondroblastoma is a rare primary bone tumor that occurs in young
patients and accounts for approximately 1–2% of all primary bone tu-
mors [1,2]. It is locally aggressive, arises from a secondary ossification
center in the epiphyseal plates and epiphyses, and has a high rate of
recurrence [1,3]. It usually occurs in late childhood or adolescence and
men are more frequently affected with a ratio of 3–2 [2,4]. The most
frequent sites of involvement are the femur, proximal humerus, and
proximal tibia [2,4,5]. Chondroblastoma is histologically characterized
by the proliferation of chondroblasts along with areas of mature carti-
lage, giant cells, and occasionally, secondary aneurysmal bone cyst
formation. While generally regarded as a benign entity, chondro-
blastoma manifests with an intermediate type of behavior, given its
ability to recur locally, and, on rare occurrences, metastasize to other
sites [1,6,7].

Care should be taken when treating locally aggressive tumors [8,9].

When chondroblastoma grows, the epiphyseal plate and articular sub-
chondral bone are damaged, leading to pain, bone deformity, and joint
dysfunction. It is agreed that surgical resection is the only way to treat
primary lesions of chondroblastoma [6,7,10]. However, the tumor is
surrounded by articular cartilage on one side and the epiphyseal plate
on the other, meaning there is not as much aggressive curettage space
as in other benign bone tumors, such as giant cell tumor and osteo-
blastoma [5,11]. Furthermore, the aggressive curettage space for
chondroblastoma differs greatly in different joints. Curettage, either
alone or in conjunction with bone grafting using autogenous or allo-
geneic bone grafts or both, has been described in many studies, with a
high local recurrence rate and development of secondary osteoarthritis
[11–13]. Adjuvant procedures such as cryosurgery or radiofrequency
ablation have been used in some patients [14–16], resulting a reduction
in local recurrence rate but an increase in cartilage injury and sec-
ondary osteoarthritis rate.

The distal femur and proximal tibia are both frequent sites of
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chondroblastoma, therefore the knee joint is the most commonly in-
volved joint. Compared with the proximal femur and humerus, the
distal femur and proximal tibia have larger bone diameters and wider
epiphyseal plates. Normally, the percentage of involved epiphysis in
chondroblastoma of the adjoining knee joint is smaller. There is more
aggressive curettage space in chondroblastoma of the adjoining knee
joint surgery than any other joint. However, management of lesions in
the proximal tibia and distal femur is challenging because it is difficult
to gain full access to intraepiphyseal lesions for completion of curettage
[17]. After intralesional curettage, cryosurgery or radiofrequency ab-
lation was used in some studies [14–16], packing with poly-
methylmethacrylate was also reported [11,18]. These studies showed a
lower rate of recurrence, but the complications associated with carti-
lage injury were high. Whether this is beneficial for the treatment of
chondroblastoma of the adjoining knee joint is still debatable.

Aggressive curettage remains the mainstay of treatment for chon-
droblastoma of bone. It can be achieved by opening wide windows in
the distal femur or proximal tibia. The epiphyseal plate and articular
cartilage should be protected. Considering that this epiphyseal tumor
affects primarily children and young adults, biological reconstruction is
recommended for a better long-term prognosis. The purpose of this
study was present our experience in treating chondroblastoma of the
adjoining knee joint by intraregional aggressive curettage together with
allogeneic bone grafting.

2. Materials and methods

2.1. Patients

Between February 2010 and February 2017, a total of 150 patients
with chondroblastoma were treated at Xiangya Hospital Bone Tumour
Center. Of these, 55 patients had chondroblastoma adjoining the knee
joint. The inclusion criteria were: diagnosis of chondroblastoma; tumor
locations in the distal femur, proximal tibia, and patella; received
treatment consisting of intraregional aggressive curettage together with
allogeneic bone grafting; and completed long-term follow-up. In addi-
tion to chondroblastoma arising in other anatomical sites, the exclusion
criteria were: relapsed chondroblastoma (n==2); pathologic fractures
(n==6); treatment using intraregional aggressive curettage together
with cement reconstruction (n==5) or radiofrequency ablation
(n==4); and loss to follow-up (n==2). A total of 36 patients met
the criteria and were included in the study.

Diagnosis was based on biopsy pathological results. X-ray, com-
puted tomography (CT) and magnetic resonance imaging (MRI) were
performed to evaluate the tumor. Age, sex, tumor location, lesion
length, Enneking stage, aneurysmal bone cyst (ABC) component, in-
vasion of epiphysis plate, physis, invasion of articular cartilage, and
follow-up duration were recorded (Table 1). Functional outcomes were
assessed by the Musculoskeletal Tumor Society scoring system (MSTS).
The Kellgren–Lawrence grading (K–L grade) system was used to eval-
uate postoperative osteoarthritis. This study was approved by the Re-
search Ethics Committee of Xiangya Hospital (No. 201001081). The
patients and their parents (in case of children under the age of 18 years)
were invited to participate and provided informed consent upon
learning of the study's risks and benefits.

2.2. Surgical technique

All procedures were performed under intravenous general an-
esthesia with the use of a tourniquet. According to preoperative X-ray,
CT, and MRI examination (Fig. 1), the tumor extent was established.
Fenestration was performed from the vicinity of the tumor (Fig. 2(a1),
(a2), (b1) and (b2)), and the cortical bone at the fenestration was pre-
served if it was not involved by the tumor. The bone windows were
usually located in the medial side of the medial condyle or the lateral
side of the lateral condyle of the distal femur, in the anteromedial or

anterolateral side of proximal tibia, and in the front in patella. It should
be large enough to see the tumor directly (Fig. 2(c1) and (c2)). Make
sure that the margin of bone window should not exceed the epiphyseal
line or articular cartilage margin. First, straight and angled hand cur-
ettes were used to remove all the visualized tumor tissues. Second,
high-speed burr was used to grind and resect the tumor border and bone
around tumor. The resection range of bone around tumor was 1 cm in
cancellous bone, 1mm in cortical bone, or up to epiphyseal plate and
articular cartilage. Third, high pressure pulsed sterilizing water was
used to thoroughly wash the tumor cavity. Fourth, using phenol to wipe
exposed epiphyseal plate and articular cartilage through the tumor
cavity and the cavity was irrigated again by high pressure pulsed
sterilizing water. Lastly, allogeneic bone grafting was harvested to re-
construct the resultant bony defects (Fig. 2(d1) and (d2)), using auto-
logous bone mass from the bone window to reconstruct cortical defect,
allogeneic cortical bone mass was used in patients who did' not preserve
autologous bone mass. For some patients, internal fixation was used to
support articular surface. The knee should not be weighed for at least
eight weeks.

2.3. Follow-up and evaluation

Follow-up radiographs were performed directly after surgery, then
at 6 weeks, 12 weeks, then every 3 months for the first 2 years, every 6
months for the next 3 years, and annually thereafter. Bone healing,
recurrence, and complications (postoperative osteoarthritis and physeal
growth restriction) were record. Recurrence of chondroblastoma lesions
after surgery was suspected if there was any recurrence of symptoms or
abnormalities detected on plain radiography. MRI of the lesion and a CT
scan of the chest were performed in suspected cases to confirm recur-
rence and to detect early metastasis. Functional outcomes were assessed
by the MSTS scoring system. Secondary osteoarthritis was classified by
using K–L grade system from Grade 0 to Grade IV.

SPSS version 20 (SPSS Inc., Chicago, IL, USA) was used to analyze
the data collected in order to determine the relationship between dif-
ferent variables and determine the factors affecting the curative effect.
The measurement data are expressed as mean± standard deviation,
and the differences of various factors are analyzed by paired t-test.
Values of p< 0.01 were considered statistically significant.

3. Results

All cases in this study had confirmed chondroblastoma according to
postoperative pathological results. No surgical complications related to
the procedure occurred. The 24 males and 12 females had a mean age of
17 years (12–26 years). The mean duration of disease was 4.3 months
(3–7 months) and the average length of lesion was 28.1mm
(13.6–42.5mm). The anatomical tumor sites were: the proximal tibia
(20), distal femur (14), and patella (2). Radiographs and/or CT images
revealed that the physis was open in 10 patients, closing in 17, and
closed in 9. Invasion of epiphysis plate was found in 7 patients, ac-
companied with ABC was found in 6 patients, and invasion of articular
cartilage was in 8 patients. All patients were Enneking stage 3, the
minimum follow-up was 18 months with a mean follow-up 51.8 months
(18–98 months) (Table 1).

Only 1 patient (2.8%) with distal femur chondroblastoma relapsed
10 months post operation, the patient had no pain and underwent a
second aggressive curettage and joint preservation surgery. All patients
eventually achieved good bone healing (Figs. 3 and 4). Three patients
(8.3%) developed physeal growth restriction confirmed by post-
operative X-ray, but the length of lower extremities were equal. No
patients had knee varus and valgus, limited movement of the knee joint,
or infection or fracture.

The mean MSTS functional score was 18.9 ± 1.8 pre-operation,
increasing to 28.6 ± 1.1 by the last follow-up, which is considered to
be an excellent score. There was a significant difference between pre-
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operation and post-operation score (p<0.01). At the last follow-up,
degenerative changes were found in 1 patient (2.8%), the K–L grade
system changed from Grade 0 to Grade II (Fig. 4); the patients had no
symptoms. While the recurrence rate was very low (only 1 patient re-
lapsed) and few complications were found, age, sex, tumor location,
ABC component, invasion of epiphysis plate, physis, invasion of ar-
ticular cartilage, and other clinical factors or radiological data seemed
to have no influence on the curative effect (Table 2). The above results
suggest that the therapeutic effect of intraregional aggressive curettage
and allogeneic bone grafting is satisfactory for the treatment of chon-
droblastoma of the adjoining knee joint.

4. Discussion

As a primary, locally aggressive benign tumor, chondroblastoma is
rare, and is not known to be self-healing [11,19]. Surgery is the only
effective treatment for this disease, which should be performed as soon
as possible, otherwise lesions may invade the epiphyseal plate or even
extend to the metaphysis, resulting in joint malformation and dys-
function [6,7,10]. The risk of local recurrence has been reported to be
between 10% and 40% [5,11,12,14,20]. Therefore, the local recurrence
of chondroblastoma represents the main challenge [5,20]. There are
many factors that affect postoperative recurrence of chondroblastoma,
for instance, tumor locations, age, and ABC component [2,5,6,11,21],
which affects the acquisition of effective surgical boundaries. Studies
showed that epiphyseal plate injury and secondary deformity occurred
in about 9% of patients [18], while osteoarthritis secondary to cartilage
injury occurred up to 38% patients [13]. These complications also

affected the prognosis. Adjuvant procedures such as cryosurgery or
radiofrequency ablation were used in some patients [14–16], resulting
in lower reoccurrence rates, but increases rates of cartilage injury and
secondary osteoarthritis. The role of adjuvant treatments in the man-
agement of chondroblastoma needs to be clarified, as the risks asso-
ciated with use of such agents must be weighed against the benefits.

Our rate of recurrence of 2.8% is lower than that reported in other
studies which have also included adjuvant techniques such as fluid
nitrogen cryopreservation, phenolization and radiofrequency ablation
[12,15,22,23]. Only 1 patient with distal femur chondroblastoma re-
lapsed, 10 months post-operation. The patient had no symptoms and
underwent a second aggressive curettage and joint preservation sur-
gery. We had 2 cases of patella chondroblastoma with good prognosis,
though this is rare. In all our cases allogeneic bone grafting filled the
defect left by curettage and, although many lesions were subarticular,
all patients eventually achieved good bone healing (Figs. 3 and 4), in-
cluding the relapsed patient. No patients had limited movement of the
knee joint, infection, or fracture. Patients underwent treatment at our
unit and were followed up with a mean follow-up of 51.8 months
(18–98 months). We evaluated the functional outcome in 36 patients
using the MSTS system which changed from 18.9 ± 1.8 pre-operation
to 28.6 ± 1.1 at the last follow-up, which is considered to be an ex-
cellent score. There was a significant difference between pre-operation
and post-operation scores (p<0.01). It has been suggested that the
association of the ABC component [11] or age [20] results in a higher
rate of recurrence; however, our findings are not in agreement. In our
study age, sex, tumor location, ABC component, invasion of epiphysis
plate, physis, and other clinical factors seemed to have no influence on

Table 1
Demographic and surgical data of patients.

Patients
number/
gender

Age Lesion
location (R
or L)

Duration of
Follow-up
(month)

Lesion
length
(cm)

Duration of
Disease
(month)

Preoperative
MSTS score

Postoperative
MSTS score

Invasion of
articular
cartilage

ABC
component

Invasion of
epiphysis
plate

Physis

1/M 16 Femur/R 23 37.8 5 18 29 N N N Closing
2/F 25 Tibia/L 77 28.8 3 20 29 N N N Closed
3/F 17 Femur/R 20 31.7 4 18 26 Y N N Closed
4/M 14 Tibia/R 82 24.8 3 16 29 N N Y Open
5/M 26 Tibia/R 32 18.3 6 24 30 Y N N Closed
6/M 18 Tibia/L 98 30.5 4 20 30 N N N Closing
7/M 12 Tibia/R 35 36.5 6 18 29 N Y Y Open
8/M 16 Femur/R 63 41.5 6 17 28 N N Y Closing
9/M 19 Tibia/L 92 41.5 4 16 28 N N N Closed
10/F 25 Tibia/L 42 34.2 3 18 29 N N N Closed
11/M 13 Femur/R 20 30.7 4 17 28 N Y N Open
12/M 18 Tibia/L 74 30.9 4 17 29 Y N N Closing
13/F 16 Tibia/R 37 13.9 5 17 27 N Y N Closing
14/F 15 Femur/R 48 37.9 4 19 26 Y N Y Closing
15/M 17 Tibia/R 49 22.5 6 19 29 N Y N Closing
16/F 15 Femur/L 65 22.3 4 20 28 N N N Closing
17/M 18 Tibia/L 56 42.5 7 18 29 N N N Closing
18/M 15 Tibia/R 21 27.3 4 22 30 N N Y Open
19/F 18 Tibia/L 93 23.8 4 20 29 Y N N Closing
20/M 12 Tibia/L 48 41.7 6 20 26 N N N Open
21/M 18 Femur/L 22 23.2 3 17 28 N N N Closing
22/M 19 Femur/R 86 31.8 4 21 30 N N N Closed
23/F 22 Tibia/L 42 24.7 4 19 29 N N N Closed
24/M 15 Femur/R 63 31.1 4 16 28 N Y Y Open
25/M 18 Femur/L 44 26.4 3 21 29 Y N N Closing
26/F 15 Tibia/L 83 36.1 4 17 27 N N N Closing
27/F 15 Tibia/R 76 32.5 5 18 29 N N N Closing
28/M 13 Femur/R 34 13.6 3 20 28 N N Y Open
29/M 16 Patella/L 38 26.5 4 21 30 N N N Closing
30/M 23 Patella/L 47 20.8 5 19 30 N N N Closed
31/F 16 Femur/L 18 14.9 4 19 29 Y N N Closing
32/M 13 Tibia/L 46 23.5 3 21 29 N N N Open
33/M 15 Femur/R 53 18.8 2 20 30 N N N Open
34/M 14 Femur/L 77 26.7 4 19 29 N N N Open
35/M 20 Tibia/L 32 22.8 5 21 28 N Y N Closed
36/F 16 Tibia/L 28 19.1 4 19 29 Y N N Closing

MSTS, Musculoskeletal Tumour Society scoring system; ABC, aneurysmal bone cyst; L, left; R, right.
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the curative effect of chondroblastoma of the adjoining knee joint. Our
findings suggested that intraregional aggressive curettage and allo-
geneic bone grafting were successful in treating the chondroblastoma of
the adjoining knee joint.

Effective surgical range is the most important factor in treating
chondroblastoma. As chondroblastoma is a benign tumor, skip lesions
and metastases are very rare [5]. Insufficient curettage definitely causes
tumor recurrence [11,20]. Chondroblastoma was more frequently as-
sociated with bone marrow edema, periosteal reaction, soft tissue re-
action, and synovitis on MRI examination (Fig. 1), which have a certain
effect on the determination of tumor boundaries [24]. Surgeries of

patients were performed by skillful bone tumor experts’ group. There
were 3 key points. First, opening a large enough bone window to see all
parts of the tumor directly and curettage (Fig. 2(b1) and (b2)). Usually
a significant amount of normal bone was sacrificed, but deemed ne-
cessary. Second, using high-speed burr to grind tumor margin, 1 cm in

Fig. 1. Typical imaging features of chondroblastoma (arrow denotes lesion). (a)
and (b) Anteroposterior and lateral X-ray films of chondroblastoma at the
proximal tibia, obvious osteolytic foci with clear margins and no obvious
sclerosis were seen. (c) T1WI image shows a hypointense lesion which was
located at the secondary ossification center of the proximal tibia, and the well-
defined lesion did not break through the articular surface. (d) T1WI enhance-
ment, both the lesion and the reaction area of peripheral edema were obviously
enhanced.

Fig. 2. The specific steps of the surgical procedure and the intraoperative fluoroscopy. (a1) and (a2) Two needles were inserted on the lateral side of the distal femur
in order to locate the plane of the lesion and determine the exact location of the lesion by fluoroscopy (arrow denotes lesion). (b1) and (b2) The location of the
fenestration was determined according to the results of previous fluoroscopy, and then the lesion is fenestrated from the lateral femoral condyle with a grinding drill
to avoid injury to the epiphyseal growth plate. (c1) and (c2) The lesion was scraped out by stealth from the outside, and a distinct low-density change of the lateral
condyle of the distal femur was observed by fluoroscopy. (d1) and (d2) Allograft was used to repair the bone defect after focal curettage, and the original bone defect
areas were found to be high density grafts by fluoroscopy after the operation (arrow denotes the allograft).

Fig. 3. Preoperative and postoperative imaging changes of a typical proximal
tibial chondroblastoma (arrow denotes lesion). (a) An obvious osteolytic lesion
of the tibial plateau can be seen on the anteroposterior and lateral radiographs
of the knee joint. (b) CT showed that the boundary of the lesion was clear, the
calcification was scattered in the lesion, and the lesion did not break through
the articular cartilage and epiphyseal line. (c) and (d) Anteroposterior X-ray
films of knee joint were taken 3 months and 36 months after operation, re-
spectively, which showed that the focus area was completely healed, and the
local density was obviously increased. e. CT examination 36 months after
surgery showed that the original lesion had healed completely, the space of the
knee joint was normal, and the articular surface had no sclerosis.
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cancellous bone, 1mm in cortical bone, or up to epiphyseal plate and
articular cartilage was removed (Fig. 2(c1) and (c2)). The distal femur
and proximal tibia are sufficient for aggressive curettage. Third, using
phenol to wipe the exposed epiphyseal plate and articular cartilage
through the tumor cavity, high pressure pulsed sterilizing water was
used to thoroughly wash the tumor cavity. As tumor cells normally
tightly attach to the epiphyseal plate and articular cartilage instead of
growing inside, this procedure would eliminate the attached tumor cells
[25]. Our study results indicated that this type of aggressive curettage
was sufficient.

Epiphyseal plate injury and growth arrest is of more importance in
knee tumors than in tumors found at other sites [26]. Suneja et al. [20]
and Sailhan et al. [2] considered that recurrence was likely to be due to
incomplete curettage as surgeons are understandably concerned that
aggressive curettage will cause damage to the growth plate. However,
Lin et al. [5] reported that an open growth plate in chondroblastoma
surgery was not found to correlate with local recurrence, and in most
cases, the open epiphysis plate did not considerably impact bone
growth. Xiong et al. [21] indicated that for patients with chondro-
blastoma with invasion of epiphyseal plate, postoperative growth
complications were usually caused by tumor destruction otherwise by
opening epiphyseal plate surgery, which this study concurs with. Good
results were obtained in spite of our policy of aggressive curettage. Only
3 patients (8.3%) developed epiphyseal growth restriction, confirmed
through postoperative X-ray, but the length of both lower extremities
were equal, and their epiphyseal plates were obviously involved with
the tumor pre-operation. No patients developed knee varus or valgus.
We therefore believe that the growth plate of the adjoining knee joint is
resilient, and, with proper care, aggressive curettage is appropriate. An
important reason may be that the epiphyseal plates of the distal femur
and proximal tibia are usually large; therefore, only a small percentage
of the epiphyseal plates were involved with the tumor. Furthermore,
according to the Dales and Harris classification [27], epiphyses of the
distal femur and proximal tibia are both type B (The epiphysis is only
partly covered by articular cartilage. The blood supply of epiphyseal
plate comes from the soft tissue attached to the epiphysis, which would
not be damaged too much in our operation) and the epiphysis has a
good blood supply to cure damage. Therefore, it is effective and safe to
manage the exposed epiphyseal plate with phenol and high pressure
pulsed sterilizing water.

Secondary osteoarthritis seems to be the most common long-term
complication in treating chondroblastoma. Farfalli et al. [13] reported
that 38% of chondroblastoma patients with curettage and bone grafting
developed secondary osteoarthritis in a mean follow up of 77 months.
They observed degenerative changes in six of 14 patients with distal
femur tumors (three cases were Grade III and three grade IV); and two
of 11 with proximal tibia chondroblastoma after treatment (both Grade
III). It seems likely that the high risk of degenerative arthritis was re-
lated to the initial aggressiveness of the treatment, especially in patients
with proximal femoral chondroblastoma. There were 8 patients with
invasion of the articular cartilage in our study. However, with a mean
follow-up of 51.8 months, only 1 patient (2.8%) was found to have
degenerative arthritis according to the K–L grade system, with the

Fig. 4. Preoperative and postoperative
imaging changes of a typical distal
femur chondroblastoma. (a) A distinct
low-density osteolytic lesion was found
in the intercondylar fossa of the distal
femur. (b) CT showed that there were
scattered calcifications in the lesion on
the cross section, and the tumor had
broken through the articular cartilage
in the coronal position of the inter-
condylar spine. The sagittal position
shows that the tumor has invaded the
epiphyseal line. (c)–(f) Anteroposterior
X-ray manifestations were at 1 week, 6
months, 24 months and 42 months
postoperatively. The tibial inter-
condylar spine changed 24 months
postoperatively, which belonged to
grade I of K–L grade system. The
medial knee joint space was suspi-
ciously narrowed at 42 months post-
operatively, which belonged to grade II
of K-L grade system.

Table 2
General statistical data of patients.

Gender, n (%)

M 24(33.3%)
F 12(66.7%)

Age (years) 17.0 ± 3.6
Lesion length (mm) 28.1 ± 8.1
Disease course (months) 4.3 ± 1.1
Lesion location (R or L), n (%)
tibia 20(55.6%) R:16(44.4%)

L:20(55.6%)femur 14(38.9%)
patella 2(5.6%)

Duration of Follow-up (months) 51.8 ± 23.8
MSTS score* P<0.01
Preoperative 18.9 ± 1.8
Postoperative 28.6 ± 1.1

ABC component, n (%)
Yes 6(16.7%)
No 30(83.3%)

Invasion of epiphysis plate, n (%)
Yes 7(19.4%)
No 29(80.6%)

Invasion of articular cartilage, n (%)
Yes 8(22.3%)
No 28(77.8%)

Physis, n (%)
Open 10(27.8%)
Closing 17(47.2%)
Closed 9(25.0%)

Postoperative osteoarthritis, n (%) 2(5.6%)
Physeal growth restriction, n (%) 3(8.3%)

MSTS, Musculoskeletal Tumour Society scoring system; ABC, aneurysmal bone
cyst; L, left; R, right.

⁎ According to the analysis of paired t-test, significant statistical difference
was found between preoperative and postoperative limb function using the
MSTS scoring system.
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scorer changing from Grade 0 to Grade II over the 42 months follow up
(Fig. 4); the patient had no symptoms. The incidence of secondary os-
teoarthritis is significantly different, even considering the different
follow-up time. There could be 2 reasons for this. In consideration of
tumor cells, they tightly attach to the articular cartilage instead of
growing inside and we did' not use high-speed bur to bur the cartilage
to reduce injury. Moreover, the epiphysis of the distal femur and
proximal tibia have a good blood supply to repair the subchondral
bone. These will reduce the incidence of secondary osteoarthritis. The
final incidence requires further long term follow up.

As chondroblastoma occurs in young patients and involves epi-
physis, the long term function of the joint should be considered during
treatment. Care must be taken when deciding on fillers for re-
constructing the resultant bony defects. Autologous bone grafting
[11,28,29], polymethylmethacrylate [11,18], demineralized bone ma-
trix sponge human allograft [28], and vascularized fibular grafts [30]
have been used in recent reports, and all of them with good results. In
our study, allogeneic bone grafting was harvested to reconstruct the
resultant bony defects, using autologous bone mass from the bone
window to reconstruct cortical defect. Allogeneic cortical bone mass
was used in patients who did' not preserve autologous bone mass. All
patients eventually achieved good bone healing (Fig. 3). The epiphysis
of the distal femur and proximal tibia have a good blood supply to heal
bone defects. The filler plays the role of bone filling and bone induction.
As patients are young, we will not recommend using poly-
methylmethacrylate. Allogeneic bone grafting is efficient; therefore,
autologous bone grafting is not suggested as the source is very limited.

Our study had certain limitations. First, the follow up time is not
long enough to establish all long-term complications, especially sec-
ondary osteoarthritis. Moreover, growth arrest is of more importance
for tumors of the knee than of those at other sites and obviously would
occur only in patients who were skeletally immature; because we had
few such patients, we cannot accurately assess the frequency of this
event. Other limitations of our study include its retrospective nature
and the absence of a direct comparative group or randomized com-
parison. Also, some patients had a shorter radiographic than clinical
follow-up and the films were not subjected to blinded review. Overall,
complications in our patients, such as osteonecrosis, secondary os-
teoarthritis, and growth arrest, were lower than other research reports.
The prognosis is very good. According to our results, we need to clarify
whether the difficulty and complications of surgical treatment for
chondroblastoma of the adjoining knee joint have been overestimated.
Satisfactory prognosis could be achieved by using a standard and ex-
perienced treatment, as reported in this study.

5. Conclusion

In conclusion, our findings suggest that aggressive curettage, phe-
nolization, and bone grafting are effective in treating chondroblastoma
of the adjoining knee joint. This is the only study which focus on the
treatment of chondroblastoma of the adjoining knee joint.
Complications were found to be rare and the recurrence rate was low.
Satisfactory prognosis could be achieved by using a standard and ex-
perienced treatments

Declaration of interest

The authors declare that they have no conflict of interest.

Acknowledgments and funding

This work was supported by the Provincial Science Foundation
of Hunan (No. 2017JJ3499), the National Natural Science
Foundation of China (No. 81401838), the Research project of Hunan
health and Family Planning Commission (C20180785), and the
Clinical and Rehabilitation Research Foundation of Xiangya

Hospital and Weiming of Peking University (xywm2015II07),
the Fundamental Research Funds for the Central Universities of
Central South University (1053320182016 and 1053320184279).

Ethical review committee statement

This study has been approved by the Research Ethics Committee of
Xiangya Hospital (No. 201001081), and all patients and their parents
(in case of children under the age of 18 years) gave their informed
consent.

Supplementary material

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.jbo.2019.100240.

References

[1] G. Jundt, D. Baumhoer, Chondroblastoma, Pathologe 39 (2) (2018) 132–138.
[2] F. Sailhan, F. Chotel, R. Parot, Chondroblastoma of bone in a pediatric population,

J. Bone Jt. Surg. Am. 91 (9) (2009) 2159–2168.
[3] Nasir-Ud-Din, A. Ahmed, S. Pervez, R. Ahmed, N. Kayani, Chondroblastoma: a

clinico-pathological analysis, J. Coll. Phys. Surg. Pak. 24 (12) (2014) 898–901.
[4] M.M. Ben, W. Osman, F. Ouni, H. Boughammoura, N. Nawar, M. Mtaoumi,

K. Bouattour, R. Frikha, M. Mseddi, H.R. Ben, J. Dahmene, A.M.L. Ben,
Chondroblastoma of bone, Tunis Med. 90 (7) (2012) 571–578.

[5] P.P. Lin, A. Thenappan, M.T. Deavers, V.O. Lewis, A.W. Yasko, Treatment and
prognosis of chondroblastoma, Clin. Orthop. Relat. Res. 438 (2005) 103–109.

[6] A. Angelini, M. Hassani, A.F. Mavrogenis, G. Trovarelli, C. Romagnoli, A. Berizzi,
P. Ruggieri, Chondroblastoma in adult age, Eur. J. Orthop. Surg. Traumatol. 27 (6)
(2017) 843–849.

[7] W. Chen, L.M. DiFrancesco, Chondroblastoma: an update, Arch. Pathol. Lab. Med.
141 (6) (2017) 867–871.

[8] P. Lei, R. Sun, H. Liu, J. Zhu, T. Wen, Y. Hu, Prognosis of advanced tenosynovial
giant cell tumor of the knee diagnosed during total knee arthroplasty, J.
Arthroplasty 32 (6) (2017) 1850–1855.

[9] Y.P. Liu, K.H. Li, B.H. Sun, Which treatment is the best for giant cell tumors of the
distal radius? A meta-analysis, Clin. Orthop. Relat. Res. 470 (10) (2012)
2886–2894.

[10] Z. Vukasinovic, D. Spasovski, N. Slavkovic, S. Slavkovic, Z. Zivkovic,
Chondroblastoma–current opinion, Srp. Arh. Celok Lek. 134 (11–12) (2006)
567–570.

[11] H. Xu, D. Nugent, H.L. Monforte, O.T. Binitie, Y. Ding, G.D. Letson, D. Cheong, X.
Niu, Chondroblastoma of bone in the extremities: a multicenter retrospective study,
J. Bone Jt. Surg. Am. 97 (11) (2015) 925–931.

[12] D. Ozer, Y. Arikan, V. Gur, C. Gok, Y.E. Akman, Chondroblastoma: an evaluation of
the recurrences and functional outcomes following treatment, Acta Orthop.
Traumatol. Turc. 52 (6) (2018) 415–418.

[13] G.L. Farfalli, P.A. Slullitel, D.L. Muscolo, M.A. Ayerza, L.A. Aponte-Tinao, What
happens to the articular surface after curettage for epiphyseal chondroblastoma? A
report on functional results, arthritis, and arthroplasty, Clin. Orthop. Relat. Res. 475
(3) (2017) 760–766.

[14] M.A. Mashhour, R.M. Abdel, Lower recurrence rate in chondroblastoma using ex-
tended curettage and cryosurgery, Int. Orthop. 38 (5) (2014) 1019–1024.

[15] A. Thibaut, A. Bouhamama, A. Boespflug, G. Vaz, M. Cuinet, A.C. Kalenderian,
B. Menassel, A. Ricoeur, C. Mastier, F. Pilleul, Percutaneous cryotherapy for
treatment of chondroblastoma: early experience, Cardiovasc. Intervent. Radiol. 42
(2) (2018) 304–307.

[16] L.D. Rybak, D.I. Rosenthal, J.C. Wittig, Chondroblastoma: radiofrequency ablatio-
n–alternative to surgical resection in selected cases, Radiology 251 (2) (2009)
599–604.

[17] H.S. Cho, Y.K. Park, J.H. Oh, J.H. Lee, I. Han, H.S. Kim, Proximal tibia chondro-
blastoma treated with curettage and bone graft and cement use, Orthopedics 39 (1)
(2016) e80–e85.

[18] A.J. Ramappa, F.Y. Lee, P. Tang, J.R. Carlson, M.C. Gebhardt, H.J. Mankin,
Chondroblastoma of bone, J. Bone Jt. Surg. Am. 82-A (8) (2000) 1140–1145.

[19] R.J. Grimer, R.M. Tillman, S.R. Carter, Local recurrence of chondroblastoma, J.
Bone Jt. Surg. Am. 83-A (4) (2001) 623–624.

[20] R. Suneja, R.J. Grimer, M. Belthur, L. Jeys, S.R. Carter, R.M. Tillman, A.M. Davies,
Chondroblastoma of bone: long-term results and functional outcome after intrale-
sional curettage, J. Bone Jt. Surg. Br. 87 (7) (2005) 974–978.

[21] Y. Xiong, Y. Lang, Z. Yu, H. Liu, X. Fang, C. Tu, H. Duan, The effects of surgical
treatment with chondroblastoma in children and adolescents in open epiphyseal
plate of long bones, World J. Surg. Oncol. 16 (1) (2018) 14.

[22] T. Verma, A. Mishra, G. Agarwal, L. Maini, Three dimensional surgical planning for
mosaicplasty in chondroblastoma of femoral head with articular disruption, J.
Orthop. Sci. (2018) [Epub ahead of print].

[23] B. Lehner, D. Witte, S. Weiss, Clinical and radiological long-term results after op-
erative treatment of chondroblastoma, Arch. Orthop. Trauma Surg. 131 (1) (2011)
45–52.

Q. Liu, et al. Journal of Bone Oncology 17 (2019) 100240

6

https://doi.org/10.1016/j.jbo.2019.100240
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0001
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0002
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0002
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0003
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0003
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0004
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0004
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0004
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0005
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0005
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0006
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0006
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0006
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0007
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0007
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0008
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0008
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0008
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0009
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0009
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0009
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0010
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0010
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0010
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0011
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0011
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0011
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0012
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0012
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0012
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0013
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0013
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0013
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0013
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0014
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0014
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0015
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0015
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0015
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0015
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0016
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0016
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0016
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0017
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0017
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0017
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0018
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0018
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0019
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0019
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0020
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0020
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0020
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0021
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0021
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0021
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0022
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0022
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0022
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0023
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0023
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0023


[24] A.H. Kaim, R. Hugli, H.M. Bonel, G. Jundt, Chondroblastoma and clear cell chon-
drosarcoma: radiological and MRI characteristics with histopathological correla-
tion, Skeletal Radiol. 31 (2) (2002) 88–95.

[25] M. Forest, G. De Pinieux, Chondroblastoma and its differential diagnosis, Ann.
Pathol. 21 (6) (2001) 468–478.

[26] K. Wang, W. Jiang, C. Cheng, Y. Li, M. Tu, Cell dormancy and tumor refractory,
Anticancer Agents Med. Chem. 13 (2) (2013) 1312–1316.

[27] G.G. Dale, W.R. Harris, Prognosis of epiphysial separation: an experimental study,

J. Bone Jt. Surg. Br. 40-B (1) (1958) 116–122.
[28] B. Gumbiner, E. Jacobsen, M. Stancukas, N. Nguyen, A rare case of chondro-

blastoma with revision after graft rejectiona case report, J. Am. Podiatr Med. Assoc.
107 (5) (2017) 440–445.

[29] D.P. Strong, R.J. Grimer, S.R. Carter, R.M. Tillman, A. Abudu, Chondroblastoma of
the femoral head: management and outcome, Int. Orthop. 34 (3) (2010) 413–417.

[30] B. Riedel, C. Franklin, A. Seal, M. Stevanovic, Free vascularized fibula graft to treat
chondroblastoma of the hip, Orthopedics 35 (2) (2012) e259–e261.

Q. Liu, et al. Journal of Bone Oncology 17 (2019) 100240

7

http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0024
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0024
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0024
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0025
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0025
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0026
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0026
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0027
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0027
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0028
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0028
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0028
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0029
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0029
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0030
http://refhub.elsevier.com/S2212-1374(19)30063-6/sbref0030

	Have the difficulties and complications of surgical treatment for chondroblastoma of the adjoining knee joint been overestimated?
	Introduction
	Materials and methods
	Patients
	Surgical technique
	Follow-up and evaluation

	Results
	Discussion
	Conclusion
	Declaration of interest
	Acknowledgments and funding
	mk:H1_12
	Ethical review committee statement
	mk:H1_14
	Supplementary material
	References




