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Abstract

Background Central chondrosarcoma of bone is graded

on a scale of 1 to 3 according to histological criteria.

Clinically, these tumors can be divided into low-grade

(Grade 1) and high-grade (Grade 2, Grade 3, and dedif-

ferentiated) chondrosarcomas. Although en bloc resection

has been the most widely used treatment, it has become

generally accepted that in selected patients with low-grade

chondrosarcomas of long bones, curettage is safe and

effective. This approach requires an accurate preoperative

estimation of grade to avoid under- or overtreatment, but

prior reports have indicated that both imaging and biopsy

do not always give an accurate prediction of grade.

Questions/purposes (1) What is the concordance of

image-guided needle preoperative biopsy and postoperative

grading in central (intramedullary) chondrosarcomas of

long bones, and how does this compare with the concor-

dance of image-guided needle preoperative biopsy and

postoperative grading in central pelvic chondrosarcomas?

(2) What is the concordance of preoperative image-guided

needle biopsy and postoperative findings in differentiating

low-grade from high-grade central chondrosarcomas of

long bones, and how does this compare with the concor-

dance in central pelvic chondrosarcomas?

Methods Between 1997 and 2014, in our institution, we

treated 126 patients for central chondrosarcomas located in

long bones and the pelvis. Of these 126 cases, 41 were

located in the pelvis and the remaining 85 cases were

located in long bones. This study considers 39 (95%) and

40 (47%) of them, respectively. We included all cases in

which histological information was complete regarding

preoperative and postoperative tumor grading. We exclu-

ded all cases with incomplete data sets or nondiagnostic

preoperative biopsies. To evaluate the needle biopsy

accuracy, we compared the histological tumor grade,

obtained from the preoperative biopsy, with the final his-

tological grade obtained from the postoperative surgical

specimen. The weighted and nonweighted kappa statistics

were used to evaluate the agreement.

Results Concordance between the preoperative biopsy

and the final pathological analysis in terms of histological

grade was much higher in long-bone chondrosarcoma than

in pelvic chondrosarcoma (83% [33 of 40] versus 36% [14

of 39]; odds ratio, 8, 48). Likewise, the weighted kappa

coefficients were higher in long-bone chondrosarcoma than
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in pelvic chondrosarcoma for the determination of histo-

logical grade (0.63; 95% confidence interval [CI], 0.34–

0.91 versus 0.12; -0.32 to 0.57; p \ 0.001). When cate-

gorizing the lesions as low grade or high grade,

concordance between the preoperative biopsy and the final

pathological analysis was much higher in long-bone

chondrosarcoma than in pelvic chondrosarcoma (90% [36

of 40] versus 67% [26 of 39]; odds ratio, 4, 5). Likewise,

the weighted kappa coefficients were higher in long-bone

chondrosarcoma than in pelvic chondrosarcoma (0.73; 95%

CI, 0.51–0.94 versus 0.26; 0.04–0.48; p\ 0.001).

Conclusions Image-guided needle biopsy, when per-

formed by a specialist radiologist and evaluated by an

experienced bone pathologist, is a useful tool in deter-

mining the histological grade of long-bone

chondrosarcomas allowing identification of true low-grade

tumors. The histological grade should be correlated with

imaging and the clinical presentation, but under these cir-

cumstances, experienced tumor surgeons may use this

information in planning surgical treatment. The same

appears not to be true for pelvic lesions, in which histo-

logical grade established by needle biopsy should be

interpreted with caution.

Level of Evidence Level III, diagnostic study.

Introduction

Chondrosarcoma is a malignant neoplasm with hyaline

cartilage differentiation [3]. It is graded on a scale of 1 to 3

according to nuclear size, nuclear staining, and cellularity

[3, 10, 24]. These grading systems correlate well with their

clinical behavior [1, 10, 17], which ranges from slowly

growing, rarely metastasizing tumors (Grade 1, now termed

atypical cartilaginous tumor/Grade 1 chondrosarcoma to

stress that it behaves as a locally aggressive lesion and only

metastasizes in exceptional cases) to very aggressive,

metastasizing sarcomas (Grade 3). Dedifferentiated chon-

drosarcoma is defined by the presence of a biphasic tumor

composed of a conventional chondrosarcoma (usually

Grade 1) and a high-grade, noncartilage-producing sar-

coma [3]. Clinically these tumors can be divided into low

grade (Grade 1) and high grade (Grade 2, Grade 3, and

dedifferentiated) [9].

There is considerable interobserver variability among

pathologists when dealing with cartilaginous tumors [8, 22,

23]; therefore, the role of preoperative biopsy has been

controversial. Clinical manifestations and radiological

features are used, alone or correlated with histology, to

make therapeutic decisions [2, 5, 7, 11, 14, 22, 27]. Surgery

remains the only curative treatment for patients with cen-

tral (intramedullary) chondrosarcoma. En bloc resection is

the most widely used treatment but, according to many

recent studies, curettage is safe and effective in selected

patients with low-grade chondrosarcoma of long bones [5,

12, 16, 18, 26]. Ideally, this approach would be based on

accurate preoperative grading to avoid under- or

overtreatment. In our clinical practice we have noticed

some differences in preoperative versus postoperative

grading between chondrosarcomas of long bones and pel-

vic chondrosarcomas with the pelvic group having less

reliable results.

The aim of this study, therefore, was to determine the

clinical utility of needle biopsy in preoperative grading of

pelvic and long-bone chondrosarcomas. To evaluate the

biopsy concordance, we attempted to answer the following

questions: (1) What is the concordance of image-guided

needle preoperative biopsy and postoperative grading in

central chondrosarcomas of long bones, and how does this

compare with the concordance of image-guided needle

preoperative biopsy and postoperative grading in central

pelvic chondrosarcomas? (2) What is the concordance of

preoperative image-guided needle biopsy and postoperative

findings in differentiating low-grade from high-grade cen-

tral chondrosarcomas of long bones, and how does this

compare with the concordance in central pelvic

chondrosarcomas?

Materials and Methods

Patient information regarding preoperative and postopera-

tive tumor grading was retrieved from the files of our

institution. We included all cases in which histological

information was complete regarding preoperative and

postoperative tumor grading. We excluded all cases with

incomplete data sets or nondiagnostic preoperative biop-

sies. Between 1997 and 2014, in our institution, we treated

126 patients for central chondrosarcomas located in long

bones and the pelvis. Of these 126 cases, 41 were located in

the pelvis and the remaining 85 cases were located in long

bones. This study considers 39 pelvic cases (95%) and 40

long-bone cases (47%). Two pelvic chondrosarcomas (5%)

and 45 extremity tumors (53%) were excluded. Of the 47

excluded cases, 21 (19 long bone and two pelvic cases)

were excluded because of incomplete data sets. The

remaining 26 long bones cases were excluded because of

nondiagnostic preoperative biopsies. No patient included in

this study was lost to followup.

The mean age at presentation was 47 years (range, 17–

79 years) with a female-to-male ratio of 1.5:1 for chon-

drosarcomas of long bones and 48 years (range, 21–78

years) with a female-to-male ratio of 0.63:1 for pelvic

chondrosarcomas. In long bones the most common location



was the femur (n = 26) followed by the humerus (n = 11),

tibia (n = 2), and fibula (n = 1).

Preoperative grading was assessed on a biopsy obtained

with a Jamshidi needle under CT guidance. The number of

samples obtained depended on the amount of tissue

obtained with the first sample. If there was not a good

tissue cylinder with the first sample, we repeated the pro-

cedure using the same approach. Postoperative grading was

assessed after extensive sampling of surgical specimens.

All histological samples were analyzed by two pathologists

with experience in musculoskeletal pathology (PDR, AM)

and in case of initial disagreement, a final consensus was

established; for that reason in this study the inter- and

intraobserver variability was not assessed.

All pelvic chondrosarcomas and high-grade chon-

drosarcomas of long bones were treated by en bloc

resection. Low-grade chondrosarcomas of long bones were

treated either by curettage or by en bloc resection after

consensus from a multidisciplinary committee composed

of pathologists, radiologists, and orthopaedic surgeons. The

World Health Organization criteria were applied for

histopathological diagnosis and grading [3]. Atypical car-

tilaginous tumor/Grade 1 chondrosarcomas are moderately

cellular neoplasms and contain hyperchromatic plump

nuclei of uniform size; Grade 2 are more cellular and

contain a greater degree of nuclear atypia, hyperchromasia,

and nuclear size; and Grade 3 lesions are more cellular and

pleomorphic than Grade 2 with easily detected mitoses.

Where the biopsy showed a mixed grade, the higher grade

was taken as the final grading.

Statistical Analysis

The weighted and nonweighted kappa statistics were used

to evaluate the agreement of tumor grading between the

preoperative needle biopsy and the postoperative surgical

specimen. The kappa coefficients for different localizations

(pelvis and long bones) were compared using the Welch’s

t-test. The test was repeated in two different ways. First,

the weighted kappa coefficient was computed for the three

possible histological grades, both in the pelvis and long

bones. Second, Grade 2 and Grade 3 chondrosarcomas

were merged and the nonweighted kappa coefficient was

calculated for pelvis and long bone data sets.

Results

Concordance between the preoperative biopsy and the final

pathological analysis in terms of histological grade was

much higher in long-bone chondrosarcoma than in pelvic

chondrosarcoma (83% [33 of 40] versus 36% [14 of 39];

odds ratio [OR], 8, 48; p\0.001). Likewise, the weighted

kappa coefficients were higher in long-bone chondrosar-

coma than in pelvic chondrosarcoma for the determination

of histological grade (0.63; 95% confidence interval [CI],

0.34–0.91 versus 0.12; -0.32 to 0.57; p\ 0.001).

In all discordant cases of long-bone chondrosarcoma

(Table 1), a higher grade was found in the resection

specimen (Fig. 1). In four of these patients, the grade

moved from Grade 1 to Grade 2 and in three, a Grade 2

lesion was finally determined to be Grade 3. In all cases but

one of the 25 discordant pelvic chondrosarcomas, a higher

grade was found in the resection specimen (Table 2).

When categorizing the lesions as low grade or high grade,

concordance between the preoperative biopsy and the final

pathological analysis was much higher in long-bone chon-

drosarcoma than in pelvic chondrosarcoma (90% [36 of 40]

versus 67% [26 of 39]; OR, 4, 5; p\0.001). Likewise, the

weighted kappa coefficients were higher in long-bone

chondrosarcoma than in pelvic chondrosarcoma (0.73; 95%

CI, 0.51–0.94 versus 0.26; 0.04–0.48; p \ 0.001). In all

discordant cases, the gradewas underestimated in the biopsy.

Discussion

The diagnosis of cartilaginous lesions of the skeleton is one

of the most challenging dilemmas in bone pathology.

Table 1. Summary of cases of chondrosarcoma of long bones with discrepancy in histological grade between preoperative needle biopsy and

postoperative surgical specimen

Gender Age (years) Preoperative biopsy Surgical specimen Affected bone

Female 57 Atypical cartilaginous tumor/Grade 1 Grade 2 Femur

Male 40 Atypical cartilaginous tumor/Grade 1 Grade 2 Humerus

Male 32 Atypical cartilaginous tumor/Grade 1 Grade 2 Humerus

Female 57 Atypical cartilaginous tumor/Grade 1 Grade 2 Humerus

Female 45 Grade 2 Grade 3 Femur

Male 53 Grade 2 Grade 3 Femur

Male 65 Grade 2 Grade 3 Femur



Although histological patterns for enchondroma and chon-

drosarcoma have been well described, they are not easy to

recognize in small biopsies and the diagnosis is nearly

always made with the support of clinical and radiological

findings [2, 5, 7, 8, 11, 14, 22, 27]. Not only can the dis-

tinction between benign and malignant be misleading, but

also the grading of malignant lesions may differ signifi-

cantly, even among experts [8, 25]. Although some studies

demonstrate that radiological imaging [2, 5, 7] may be used

to differentiate low-grade chondrosarcomas from high-

grade ones, definitive grading still relies on histological

features. This distinction is critical to avoid mistreatment. In

this study, we found image-guided needle biopsy distin-

guished low from high grade inmost cartilage tumors in long

bones, but needle biopsy was not nearly as concordant for

such tumors when they were located in the pelvis. Our study

had some limitations. First, it was a retrospective study, and

there are several disadvantages with this type of design: risk

of error and/or biases in information related to the loss of

cases, poor potential quality of collected information, and

less statistical power. Second, we were not able to assess

tumor size in each case, a variable that may be associated

with the high number of discordant cases found in pelvic

tumors. Finally, in this study the intraobserver and inter-

oberver variability was not specifically assessed, although

all samples were evaluated together by two pathologists with

experience in musculoskeletal pathology. In case of initial

disagreement, a final consensus was established after

reviewing the case. We did not include radiological findings

in this study. It is very clear that they play a crucial role in the

differential diagnosis between enchondroma and low-grade

chondrosarcoma and, as mentioned previously, may help in

detecting high-grade chondrosarcomas. However, the pur-

pose of this study was to look primarily at the preoperative

biopsy in determining the tumor grade, which relies on

histological criteria. It is beyond the scope of this work to

discuss the differential diagnosis between enchondroma and

chondrosarcoma or radiological parameters associated with

high-grade chondrosarcomas. Themain goal of this article is

not to discuss our accuracy, as a group, in diagnosing

chondrosarcomas (that would include clinical, radiological,

and histological information), but to evaluate the weight of

the information provided by needle biopsy (preoperative

histological findings) in relation to establishing the grade of a

chondrosarcoma.

The concordance between histological grade established

on preoperative biopsy and the final pathological analysis

was 83% for chondrosarcoma of long bones. Similar results

are described in the literature, where concordance between

histological grade in preoperative biopsy and the final

pathological analysis varies from 65% to 86% [8, 13, 24,

25, 27]. In our study, the concordance between needle

biopsy and surgical specimen for histological grade, in

pelvic chondrosarcomas, was poor (36% [14 of 39]), in

agreement with other published studies [15, 21]. In four

chondrosarcomas of long bones initially diagnosed as low

grade and treated by curettage, a second procedure was

performed (en bloc resection) as a result of a final diagnosis

of high grade (Grade 2). This inaccuracy points out the

treacherous nature of cartilage tumors that in these four

patients was misleading and led to potentially improper

treatment, although we admit that we do not know what the

course would have been if they had been observed closely

for local recurrence. On the other hand, the preoperative

biopsy correctly identified three high-grade tumors that

were treated by resection; however, the final pathology on

these three patients was reclassified from Grade 2 to Grade

3. This was an identified inaccuracy that did not affect our

decision regarding treatment.

Fig. 1A–B Histological sections from the preoperative biopsy

demonstrate a hypocellular but infiltrative cartilaginous neoplasm

consistent with an atypical cartilaginous tumor/Grade 1 chondrosar-

coma (Stain, hematoxylin-eosin; original magnification, 9100) (A).
The resection specimen shows areas with myxoid matrix, increased

cellularity, and a higher degree of nuclear pleomorphism, consistent

with a Grade 2 chondrosarcoma (Stain, hematoxylin-eosin; original

magnification, 9400) (B).



In 67% of pelvic chondrosarcomas, the preoperative

biopsy and the final pathological analysis were concordant

in terms of low grade or high grade. No second surgical

procedures were performed in these patients because all

had been treated with en bloc resection. Normand et al.

[19] obtained similar results in eight patients with periac-

etabular chondrosarcomas initially diagnosed as low grade

and treated with curettage. The final histology revealed that

two of those tumors were best classified as Grade 2 and one

was a dedifferentiated chondrosarcoma. Therefore,

according to our findings, preoperative biopsy in the pelvis

can have high-risk errors in tumor grade that may lead

some surgeons to undertreatment (curettage) of a high-

grade tumor with the risks that entails. However, it must be

noted that most surgeons treat all cartilage tumors of the

pelvis with complete resection and not curettage because of

the perceived high rate of error and the adverse conse-

quences of local recurrence.

The mismatches in grading can be partially explained

considering the heterogeneity that chondrosarcomas

demonstrate and the fact that only a limited amount of

tissue can be obtained by needle biopsy, making it difficult

to sample higher grade zones when they are not predomi-

nant in those tumors [21]. This diagnostic limitation

becomes more important in large lesions and we think it

may account for the much lower accuracy rate in pelvic

chondrosarcomas, which are usually larger than their long

bone counterparts [4, 20]. In this regard, a possible

approach could be to use MRI to select specific areas of the

tumor to be sampled. It has been shown that reduced signal

intensity on T2-weighted MRI may represent foci of ded-

ifferentiation and should be the preferred site of biopsy

[23]. All of our biopsies were done by experienced mus-

culoskeletal radiologists who had MRI findings in most

cases and attempted to target the areas that looked by

imaging to be the area of highest grade. Despite this, there

was still substantial lack of concordance in pelvic cartilage

tumors. There is little experience regarding intralesional

treatment of low-grade chondrosarcomas of the pelvis and

most surgeons prefer to resect rather than use curettage for

pelvic cartilage tumors [19]. Donati et al. [6] reported that,

although it led to an increased rate of local recurrences, it

Table 2. Summary of cases of chondrosarcoma of the pelvis with discrepancy in histological grade between preoperative needle biopsy and

postoperative surgical specimen

Gender Age (years) Preoperative biopsy Surgical specimen

Female 21 Atypical cartilaginous tumor/Grade 1 Grade 2

Female 36 Atypical cartilaginous tumor/Grade 1 Grade 2

Female 29 Atypical cartilaginous tumor/Grade 1 Grade 2

Female 65 Atypical cartilaginous tumor/Grade 1 Grade 2

Female 65 Atypical cartilaginous tumor/Grade 1 Grade 2

Male 72 Atypical cartilaginous tumor/Grade 1 Grade 2

Female 31 Atypical cartilaginous tumor/Grade 1 Grade 2

Female 37 Atypical cartilaginous tumor/Grade 1 Grade 3

Male 68 Atypical cartilaginous tumor/Grade 1 Grade 3

Female 55 Atypical cartilaginous tumor/Grade 1 Dedifferentiated

Male 53 Atypical cartilaginous tumor/Grade 1 Dedifferentiated

Male 51 Atypical cartilaginous tumor/Grade 1 Dedifferentiated

Male 53 Atypical cartilaginous tumor/Grade 1 Dedifferentiated

Female 40 Grade 2 Grade 3

Female 43 Grade 2 Grade 3

Male 67 Grade 2 Grade 3

Male 68 Grade 2 Grade 3

Male 69 Grade 2 Grade 3

Male 37 Grade 2 Grade 3

Male 37 Grade 2 Grade 3

Male 68 Grade 2 Grade 3

Male 29 Grade 2 Grade 3

Male 58 Grade 2 Grade 3

Male 38 Grade 2 Grade 3

Female 56 Grade 3 Grade 2



was not associated with poorer survival. It is important to

emphasize that pelvic recurrences may end up infiltrating

pelvic organs and structures, representing a more complex

scenario than in the long bones. In any case, it should be

stressed that all information including clinical findings,

imaging findings, and biopsy results should be correlated

by a sarcoma treatment team experienced in the treatment

of these difficult lesions.

In conclusion, image-guided needle biopsy, when per-

formed by a specialist radiologist and evaluated by an

experienced bone pathologist, may be useful to the treating

surgeon as a tool in determining the histological grade of

long-bone chondrosarcomas allowing him or her to identify

low-grade tumors from high-grade tumors in the long

bones. In pelvic lesions, biopsy results should be inter-

preted with caution and may not be representative of the

entire specimen. Larger studies will be necessary to con-

firm our results and treating surgeons should continue to

make treatment decisions based on clinical, radiographic,

and histologic findings in the long bones and be aware that

a needle biopsy showing a low-grade chondrosarcoma of a

pelvic lesion may be misleading. We have shown that in

one-third of our pelvic patients, the needle biopsy results

did not agree with the final pathology grading.
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