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ABSTRACT

Objective: The purpose of this study was to investigate the results and complications in patients who had low-grade chondrosarcomas 
in the appendicular skeleton and were treated by intralesional curettage and cementation within the scope of 25 years of experience in 
a single center. 

Methods: Ninety-one patients (72 female and 19 male) were retrospectively analyzed. The median at the time of surgery was 43 (17-78) 
years, and the median follow-up was 102 (26-288) months. All patients were treated by intralesional curettage followed by cementation 
with high-viscosity bone cement (poly​methy​lmeth​acryl​ate).​ Complications and local recurrence rates, as well as clinical outcome scores 
were recorded. 

Results: Five patients (5.49%) developed local recurrence at an average of 6.6 (6-9) months postoperatively. Four were treated with local-
wide excision and reconstruction with tumor prosthesis. One patient received recurettage and cementation. Two recurred patients were 
dedifferentiated into grade II chondrosarcomas in the last intervention. No major postoperative complication was identified in the series. 
Patients achieved an average Musculoskeletal Tumor Society scoring system of 92.4% (standard deviation 5.2; range 80-100) in the sixth 
postoperative month. Musculoskeletal Tumor Society scores in the recurrent patients decreased from an average of 90% to 75.3% after 
the final intervention. 

Conclusion: Intralesional curettage and cementation seem safe and reliable techniques with low recurrence and complication rates in 
treating low-grade chondrosarcomas of the appendicular skeleton. Clinical, radiological, and pathological evaluations are mandatory 
before surgical intervention, and a multidisciplinary approach is crucial. A strict follow-up regimen in the early postoperative period is 
needed and strongly recommended to detect local recurrence.

Level of Evidence: Level IV, Therapeutic Study

Introduction

Chondrosarcomas are the most common primary 
malignant bone neoplasms after osteosarcoma, con-
stituting approximately 25% of all primary bone 
tumors.1,2 Clinical course and prognosis of chondro-
sarcomas are directly related to histological grade. 
Tumors with higher grades tend to metastasize more 
frequently and have a poor survival rate; while low-
grade chondrosarcomas (LGC) behave in a local 
aggressive manner that rarely metastasizes, thus 
having a higher survival rate and a better outcome.1-3

The treatment of chondrosarcomas is primarily based 
on surgical means because they rarely respond to 
chemotherapy and irradiation.4-7 There are different 
surgical alternatives in the literature regarding the 
treatment of chondrosarcomas including wide resec-
tion, marginal excision, and intralesional curettage 
with or without additional thermal or chemical adju-
vant applied locally.8-11 Recently, there has been an 
increasing trend toward the intralesional treatment of 
LGC, in terms of “less extensive,” “limited,” or “conser-
vative” surgical treatment.12-15

In this study, our aim is to investigate the results and 
complications of our patients who underwent intra-
lesional curettage and cementation for LGC in the 
appendicular skeleton.

Materials and Methods

We retrospectively evaluated 91 patients who were 
treated for low-grade cartilaginous tumor in the 
appendicular skeleton and underwent intralesional 
curettage and cementation surgery, between the years 
1993 and 2020 at our orthopedic oncology depart-
ment. Upon approval of our Institutional Review 
Board, we reviewed the clinical, radiological, and 
pathological records of the patients. We excluded 
patients who had LGC in the axial skeleton, who had 
a history of previous biopsy or surgery for the tumor 
and local recurrence or distant metastasis before the 
initial surgery at our institution. Written informed 
consent was obtained from all participants who par-
ticipated in this study.

All patients were referred to our orthopedic oncology 
department with persistent pain as the presenting 
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symptom. After obtaining a detailed history and physical examina-
tion, all patients had plain anteroposterior and lateral radiographs, 
computed tomography (CT) scans of both the lesion and the chest, 
Tc99-​techn​etium​-labe​led whole body bone scintigraphy, and gado-
linium-enhanced magnetic resonance imaging (MRI). Our clini​corad​
iopat​holog​ical council suspected malignancy radiologically in case 
one or more of the following criteria exist: (i)  endosteal scalloping 
of more than two-thirds of the thickness on CT, (ii) intramedullary 
cartilaginous tumor with a dimension above 5 cm, (iii) peritumoral 
edema or periosteal reaction on MRI, (iv) greater radionuclide uptake 
of the lesion compared to the anterior iliac crest in bone scan, and (v) 
cortical expansion in any of the radiological modalities.

Surgical intervention was planned with the council’s decision, 
according to the clinical and radiological malignancy features of the 
patients. 27 of 91 patients underwent a 2-stage procedure, former 
biopsy and definitive intervention, while the rest had an intraopera-
tive frozen-section biopsy. An experienced bone tumor pathologist 
reevaluated and approved all intraoperative frozen sections and final 
biopsy specimens in the study. All surgeries were performed by the 
same senior orthopedic surgeon who had been experienced in mus-
culoskeletal oncology for many years. 

The surgical technique involved an incision immediately above the 
preoperatively localized and identified cortical window on MRI, 
making drill holes and combining the holes with an osteotome for 
the cortical window, meticulous curettage of the tumor, followed 
by debridement of the microscopic residual tumor tissues—located 
both intramedullary and on the cortical window itself— which was 
supplemented with the use of a high-speed burr, lavaging with 
saline and finally applying high-viscosity (poly​methy​lmeth​acryl​
ate, PMMA) bone cement (Versabond®, Smith & Nephew, UK) as a 
local adjuvant (Figure 1). Macroscopic removal of all the tumoral tis-
sue was confirmed in fluoroscopic view among suspected patients. 
Fifteen of the patients had 1 or 2 titanium screws embedded into 
the bone cement to provide the fixation and stability of the corti-
cal window postoperatively; the rest had no internal fixation or 
osteosynthesis.

Active physiotherapy regarding the range of motion exercises began 
on the second postoperative day. Patients who were operated for their 
upper extremities used a sling, while those operated for their lower 
extremities used crutches for 3 weeks. All patients were allowed 
full weight-bearing after approximately 3 weeks postoperatively. In 
the first postoperative year, all patients had plain radiographs every 
month and MRIs every 3 months. Plain radiographs and MRIs were 
obtained every 6 months during the second postoperative year. In 
the local recurrent group, chest CT scans were also evaluated every 
6 months for 2 years. After the second year, the patients were exam-
ined at regular annual intervals. The assessment of clinical outcome 
was performed during every follow-up, using the Musculoskeletal 
Tumor Society (MSTS) scoring system, which consists of measure-
ment for pain, functional capacity, and emotional acceptance of the 

situation.16 Disease progression, complications, duration to local 
recurrence, or distant metastasis were also retrieved from medical 
records.

Statistical and data analysis were performed using Statistical 
Package for the Social Sciences (version 25.0 for Mac; Armonk, 
NY,  USA). Kolmogorov–Smirnov test was used for the distribution 
of the data. Categorical variables were analyzed with chi-square test. 
Non-parametrical variables were given as median and minimum-
maximum (min-max) values. Mann–Whitney U-test was used for the 
comparison of numerical variables in 2 independent groups since 
non-parametrical distribution condition was provided. Statistical 
significance level was accepted as a P-value of <.05. 

Results

The study consisted of 72 female (79.12%) and 19 male (20.88%) 
patients with a median age of 43 ± 13.1 (17-78) years. The median 
follow-up was 102.30 ± 34.7 months (26-288). Anatomical localiza-
tions of the tumor were as follows: 34 proximal humerus, 30 distal 
femur, 20 proximal femur, 4 proximal tibia, 1 tibial diaphysis, 1 iliac 
bone, and 1 distal radius (Figure 2). The median of the longest dimen-
sion of lesions was 6.20 cm (4.2-8.6). All patients had grade IA tumors 
(low grade, intracompartmental) according to the MSTS staging sys-
tem.17 In 2 patients who had intraoperative frozen biopsies, perma-
nent histopathological evaluation of the excised specimens turned 
out to be cellular-rich enchondromas. 

Five patients out of 91 (5.49%; 95% confidence interval 0.8% to 
10.2%) developed local recurrence (2 proximal humerus, 2 distal 
femur, and 1 proximal femur) at a median time of 6 (6-9) months post-
operatively. There was no statistically significant difference between 
recurrent and non-recurrent patients regarding tumor size (median: 
7 cm, min: 5.40, max: 7.90 vs. median: 6.20 cm, min: 4.20, max: 8.60 
cm, P = .644; respectively) (Figure 3), and age (median: 36, min: 30, 
max: 78 vs. median: 43, min: 17, max: 65 years old, P = .425; respec-
tively). Features of the recurrent patients are described in Table 1. 
Four of them were treated with local wide excision and reconstruc-
tion with tumor prosthesis (Figure 4). One recurrent patient received 
recurettage and cementation for the proximal femoral lesion. A 
second local relapse developed in one of the patients in the distal 
femur 18 months later following wide excision and reconstruction 
with tumor prosthesis and she was amputated. This patient had also 
lung metastasis and received pulmonary metastasectomy in addi-
tion to ifosphamide-MESNA treatment and died of disease 6 months 
later. Two of the recurred patients—one of whom was the aforemen-
tioned metastasized patient—turned out to be grade II chondrosarco-
mas during the examination of newly resected specimens. All other 
patients had no local recurrence or metastasis and had been in good 
clinical condition until the final follow-up. No major postoperative 
infection, delayed wound healing, or pathological fracture occurred 
in the series. In one case, a superficial wound infection developed 
one month after the surgery and was resolved with oral antibiot-
ics. All patients regained full joint motion at the end of 3 months 
postoperatively and returned to their daily activities and occupa-
tions with achievement of an average 27.7 ± 1.56 (min: 24, max: 30) 
(92.4%; SD: 5.2; min: 80, max: 100) of MSTS score in the postopera-
tive sixth month. MSTS scores in the recurrent patients decreased 
from a median of 27 points (90%) to a median of 22.6 (75.3%) after the 
second surgical intervention. There was no statistically significant 
difference in terms of MSTS scores between patients who received 
osteosynthesis and those who did not.

H I G H L I G H T S

•	 Intralesional curettage and cementation of low-grade chondrosarcomas is a 
safe and reliable surgical technique with low recurrence and complication 
rates in the management of low-grade chondrosarcomas.

•	 Patients should carefully be followed especially in the early postoperative 
period for local recurrence.

•	 A multidisciplinary approach consisting of is strongly recommended for the 
management of low-grade chondrosarcomas. 
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All of the preoperative biopsies were concluded as LGC and frozen-
section materials as low-grade cartilaginous tumors. In the final 
curettage specimens, only 2 patients revealed cellular-rich enchon-
dromas (2.2%).

Discussion

Our study showed that intralesional curettage and cementation 
seems to be a feasible procedure to reduce morbidity by achieving 
excellent MSTS scores (92.4%) with low complication and recurrence 
rates (5.49%) in the management of LGC. To the best of our knowl-
edge, this is the study with one of the largest number of patients and 
the longest follow-up in the management of LGC. We believe the key 
success of this treatment modality is a multidisciplinary approach of 
combining the perspectives of orthopedic oncology, radiology, and 
histopathology together, as well as the surgical technique.

Low-grade chondrosarcomas are slow-growing malignancies of 
mesenchymal tissue with cartilaginous origin. Unlike high-grade 
chondrosarcomas, they are less aggressive with a lower rate of local 
recurrence and metastasis. Nevertheless, it is literally accepted that 

these tumors do not respond to chemotherapy or irradiation in most 
circumstances, leaving surgical intervention as the only curative 
treatment option. These characteristics of LGC have forced surgeons 
who deal with musculoskeletal oncology to search for a more “con-
servative” surgical technique. This may be an approach that should 
not only remove the tumoral load in an effective manner but also 
provide the highest possible functional outcome for an individual at 
the same time. Although there is no gold standard surgical procedure 
currently in the literature, intralesional treatment either alone or in 
combination with local adjuvant therapy seems a feasible treatment 
modality and it has been considered as a safe and effective method 
with good clinical outcomes and low rates of recurrence in the treat-
ment of LGC.3,6,8,9,12,14,18-21

There is no consensus in the literature about which local adjuvant 
therapy may be used in combination with intralesional curettage. 
Phenol application, cryotherapy, and cauterization, followed by 
applying different types of bone grafts or PMMA may be preferred. 
We used PMMA in our patients as a local adjuvant with the known 
effects of methylmethacrylate monomer as a direct cytotoxic agent 
and necrotizing effect as a result of tissue hyperthermia from the 

Figure 1. A-K.  (A) Preoperative anteroposterior (AP) radiograph of a patient with low-grade chondrosarcoma on the distal femur. (B) Preoperative lateral radiograph. 
(C) Preoperative magnetic resonance imaging (MRI) axial view. (D) Preoperative MRI sagittal view. (E) Preoperative view of the cortical window with an anterior skin 
incision and anterior transquadriceps approach. The patient had a former biopsy from a previous anterior incision. The biopsy tract was removed during the intralesional 
surgery. (F) Preoperative view of the cement. (G) Preoperative closure of the cortical window. (H) Macroscopic appearance of the curetted material. (J) Early postoperative 
AP radiograph. (K) Early postoperative lateral radiograph.
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exothermic polymerization process of the cement.14,20,22 It is worth 
noting that most of the authors agree that the use of a local adju-
vant (regardless of type) is necessary after intralesional curettage in 
order to achieve tumor control. In the study of Streitbürger et al.21 9 
patients with LGC in the extremities were treated with intralesional 
curettage. Three patients out of 9 were treated without additional use 
of PMMA, while the remaining 6 were treated with PMMA as cemen-
tation in addition to intralesional curettage. After a mean follow-up 
of 26 months, they found that all of the 3 patients who were treated 
without PMMA developed a local recurrence.

The concept of osteosynthesis after intralesional treatment was ques-
tioned in various studies. Omlor et al23 found no significant difference 
in terms of clinical and functional outcomes between intralesional 
curettage and bone cement of proximal humeral enchondromas 
and LGC with or without osteosynthesis. Besides, they had longer 
surgery times, more blood loss, and longer hospitalization in the 
osteosynthesis group. In another study by Omlor et al.12 it was found 
that complications were almost twice as high in cases with additional 
osteosynthesis.12 In our study, we applied a simple method of inter-
nal fixation with 1 or 2 titanium screws embedded in the cortical 
window and bone cement in 15 of our patients. We did not observe 
any complications related to the fixation of the cortical window. 
There were not any other postoperative complications in our series, 
such as infection, delayed wound healing, pseudoarthrosis, or nerve 
palsy, and the overall MSTS score in our series was 92.4%, consistent 
with the literature as intralesional treatment has favorable results 
with low complication rates compared to more aggressive surgical 
techniques.9,10,13,14,18,19

Local recurrence following intralesional treatment is between 0 and 
17.9% in the literature.3,6,15 In a meta-analysis of Shemesh et al.6 the 
recurrence rate was not found to be significantly different between 
patients treated with intralesional curettage or wide local excision. 
We agree with the authors suggesting that the poorer outcome 
and higher local recurrence rates may be due to having all grades Figure 2.  Anatomical distribution of the tumor.

Figure 3.  Lesion sizes of the patients with recurrence and nonrecurrence.
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of chondrosarcomas or axial chondrosarcomas included in study 
designs.4,8,19,24 In our study, the local recurrence rate was 5.5%, in 
consistence with the literature. The duration of local recurrence 
after surgical intervention is between 2 months and 9 years in the 
literature.25 The mean duration of local recurrence after surgery 
was 6.6 months in our study; therefore, we believe that a close and 
careful follow-up is mandatory, especially shortly after the surgical 
intervention. The literature also lacks data about how long the LGC 
patients need to be followed for after surgical intervention. While 
some authors suggest that 2 years of follow-up is adequate, others 
recommend 5 years of minimum follow-up.5 Regardless of the maxi-
mum duration, the first 2 years postoperatively seem to be the most 
important period in terms of recurrence.14,25

The role of a preoperative biopsy in the evaluation of LGC is also con-
troversial. Recent studies have demonstrated the safety of surgical 
intervention for LGC without preoperative biopsy as there could be 
disadvantages of preoperative biopsy such as sampling errors, delay 
in treatment, seeding, morbidity, and cost.15 We performed preopera-
tive biopsies for our 27 patients, the last of which were during the 
late 90s and early 2000s with less experience as a clinicoradiopatho-
logical tumor council. Recently, intraoperative biopsies have been 
suggested by our council for patients with low-grade cartilaginous 
lesions demonstrating malignancy features on radiological and clini-
cal evaluation. In the recent study, our misclassification of benign 
enchondroma as LGC rate is low, as the final pathological evaluation 
of the resected specimens revealed 2 cellular-rich enchondromas 
(2.2%). We attribute this accurate rate to the critical role of a multi-
disciplinary approach in the evaluation of LGC. Ta
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Figure 4. A-D.  (A) Surgical intervention with tumor prosthesis for a recurrent 
patient. (B) Macroscopic view of the resected specimen. (C) Postoperative 
anteroposterior radiograph of the recurrent patient. (D) Postoperative lateral 
radiograph of the recurrent patient.
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There are several limitations to this study. First of all, this is a retro-
spective study that includes patients with a minimum of a 26-month 
follow-up period. The local recurrence rate could be higher if we had 
been able to follow those patients for a longer period. Nevertheless, 
we think that a follow-up period with an average of 102 months is 
sufficient to observe the clinical course and outcome of LGC patients 
as most of the recurrences occur during the first 2-5 years. We also 
excluded patients with tumors located in the axial skeleton, which 
would have a worse prognosis compared to the appendicular skel-
eton. On the contrary, it was found that almost all of our recurrent 
patients were operated a long time ago, in which the surgical tech-
nique would have naturally been below today’s standards. A possible 
bias would be the learning curve of the surgical team. Local recur-
rence rates could be lower if we had excluded patients who were 
operated before the last decade.

Secondly, despite all attempts of looking through clinical, radiologi-
cal, and histopathological perspectives together, there has still been 
no gold standard for the management of these lesions in the litera-
ture; we share the same difficulties as other orthopedic oncologists. 
Unfortunately, chondroid lesions may still be over- or underestimated. 
Histopathologically, they may include both low- and high-grade cellu-
lar properties in different parts of the tumor. Therefore, the accuracy 
of permanent histopathologic specimens may be low. In our study, 2 
of the recurred patients were found to have grade II chondrosarco-
mas and we were not able to solve the controversy of whether those 
recurred patients preceded dedifferentiation of LGC or those local 
recurrences were the results of an underestimated high-grade tumor. 
These lesions may also be over- or underestimated by their radiologic 
and clinical features alone. We tried to overcome this issue by com-
bining them with histopathology and switching to wide resection 
instead of intralesional treatment during the surgery for the patients 
who turned out to carry higher-graded tumor properties in the intra-
operative frozen biopsies. However, larger and multicenter random-
ized prospective studies have been still needed in order to establish 
standard guidelines in the management of these lesions.

In conclusion, “low-grade (grade I) chondrosarcoma” is a complicated 
subject in terms of diagnosis, treatment, complication and recurrence 
rates, follow-up regimens and survival ratios. The main principles of 
treatment should cover both avoidance of recurrence and preserva-
tion of functional capacity. Intralesional curettage and cementation 
can be a safe, reliable, and successful technique with low recurrence 
and complication rates in the treatment of LGC. Clinical, radiological 
and pathological evaluations are mandatory before any surgical inter-
vention as these may lower any any over- or undertreatment. This 
multidisciplinary approach would also decrease the potential disad-
vantages of former biopsies. A strict follow-up regimen, especially in 
the early postoperative period, is needed and strongly recommended 
in order to detect any complication or local recurrence. Any local 
recurrence following intralesional curettage and cementation should 
be treated with a more aggressive approach such as local wide exci-
sion due to the probability of progression and risk of metastasis.

Ethics committee approval: Ethical committee approval was received from the Ethics 
Committee of Haliç University (Approval No: 250522/108).

Informed consent: Written informed consent was obtained from all participants who 
participated in this study.

Author contributions: Concept - M.H.; Design - B.G., M.H.; Supervision - M.K.O., 
M.H.; Materials - C.D.D.; Data Collection and/or Processing - O.T.; Analysis and/or 

Interpretation - O.T., B.K., C.D.D.; Literature Review - M.K.O., B.K.; Writing - B.G.; 
Critical Review - M.H.

Declaration of Interests: The authors have no conflicts of interest to declare.

Funding: The authors declared that this study has received no financial support.

References

1.	 Lee FY, Mankin HJ, Fondren G, et al. Chondrosarcoma of bone: an assessment 
of outcome. J Bone Joint Surg Am. 1999;81(3):326-338. [CrossRef]

2.	 Fiorenza F, Abudu A, Grimer RJ, et al. Risk factors for survival and local control 
in chondrosarcoma of bone. J Bone Joint Surg Br. 2002;84(1):93-99. [CrossRef]

3.	 Funovics PT, Panotopoulos J, Sabeti-Aschraf M, et al. Low-grade chondrosar-
coma of bone: experiences from the Vienna Bone and Soft Tissue Tumour 
Registry. Int Orthop. 2011;35(7):1049-1056. [CrossRef]

4.	 Eriksson AI, Schiller A, Mankin HJ. The management of chondrosarcoma of 
bone. Clin Orthop Relat Res. 1980;153(153):44-66. [CrossRef]

5.	 Etchebehere M, de Camargo OP, Croci AT, Oliveira CR, Baptista AM. Relation-
ship between surgical procedure and outcome for patients with grade I chon-
drosarcomas. Clinics (Sao Paulo). 2005;60(2):121-126. [CrossRef]

6.	 Shemesh SS, Acevedo-Nieves JD, Pretell-Mazzini J. Treatment strategies for cen-
tral low-grade chondrosarcoma of long bones: a systematic review of the litera-
ture and meta-analysis. Musculoskelet Surg. 2018;102(2):95-109. [CrossRef]

7.	 Wang  Z, Chen  G, Chen  X, et al. Predictors of the survival of patients with 
chondrosarcoma of bone and metastatic disease at diagnosis. J Cancer. 2019; 
10(11):2457-2463. [CrossRef]

8.	 Hanna SA, Whittingham-Jones P, Sewell MD, et al. Outcome of intralesional 
curettage for low-grade chondrosarcoma of long bones. Eur J Surg Oncol. 2009; 
35(12):1343-1347. [CrossRef]

9.	 Aarons C, Potter BK, Adams SC, Pitcher JD, Jr, Temple HT. Extended intrale-
sional treatment versus resection of low-grade chondrosarcomas. Clin Orthop 
Relat Res. 2009;467(8):2105-2111. [CrossRef]

10.	 Bart Schreuder HW, Pruszczynski M, Veth RPH, Lemmens JAM. Treatment of 
benign and low-grade malignant intramedullary chondroid tumours with 
curettage and cryosurgery. Eur J Surg Oncol. 1998;24(2):120-126. [CrossRef]

11.	 Fromm J, Klein A, Baur-Melnyk A, et al. Survival and prognostic factors in con-
ventional G1 chondrosarcoma. World J Surg Oncol. 2019;17(1):155. [CrossRef]

12.	 Omlor GW, Lohnherr V, Hetto P, et al. Surgical therapy of benign and low-grade 
malignant intramedullary chondroid lesions of the distal femur: intralesional 
resection and bone cement filling with or without osteosynthesis. Strateg 
Trauma Limb Reconstr. 2018;13(3):163-170. [CrossRef]

13.	 Chen YC, Wu PK, Chen CF, Chen WM. Intralesional curettage of central low-
grade chondrosarcoma: a midterm follow-up study. J Chin Med Assoc. 2017;80(3): 
178-182. [CrossRef]

14.	 Ahlmann ER, Menendez LR, Fedenko AN, Learch T. Influence of cryosurgery 
on treatment outcome of low-grade chondrosarcoma. Clin Orthop Relat Res. 
2006;451:201-207. [CrossRef]

15.	 Souna  BS, Belot  N, Duval  H, Langlais  F, Thomazeau  H. No recurrences in 
selected patients after curettage with cryotherapy for grade I chondrosarco-
mas. Clin Orthop Relat Res. 2010;468(7):1956-1962. [CrossRef]

16.	 Enneking WF, Dunham W, Gebhardt MC, Malawar M, Pritchard DJ. A system 
for the functional evaluation of reconstructive procedures after surgical treat-
ment of tumors of the musculoskeletal system. Clin Orthop Relat Res. 
1993;286(286):241-246. [CrossRef]

17.	 Enneking  WF. A system of staging musculoskeletal neoplasms. Clin Orthop 
Relat Res. 1986;204(204):9-24. [CrossRef]

18.	 Bauer  HC, Brosjö  O, Kreicbergs  A, Lindholm  J. Low risk of recurrence of 
enchondroma and low-grade chondrosarcoma in extremities. 80 patients fol-
lowed for 2-25 years. Acta Orthop Scand. 1995;66(3):283-288. [CrossRef]

19.	 Leerapun T, Hugate RR, Inwards CY, Scully SP, Sim FH. Surgical management 
of conventional grade I chondrosarcoma of long bones. Clin Orthop Relat Res. 
2007;463:166-172. [CrossRef]

20.	 Campanacci DA, Scoccianti G, Franchi A, et al. Surgical treatment of central 
grade 1 chondrosarcoma of the appendicular skeleton. J Orthop Traumatol. 
2013;14(2):101-107. [CrossRef]

21.	 Streitbürger A, Ahrens H, Balke M, et al. Grade I chondrosarcoma of bone: the 
Munster experience. J Cancer Res Clin Oncol. 2009;135(4):543-550. [CrossRef]

22.	 Gunay C, Atalar H, Hapa O, Basarir K, Yildiz Y, Saglik Y. Surgical management 
of grade I chondrosarcoma of the long bones. Acta Orthop Belg. 2013;79(3): 
331-337.

23.	 Omlor GW, Lohnherr V, Lange J, et al. Enchondromas and atypical cartilagi-
nous tumors at the proximal humerus treated with intralesional resection and 
bone cement filling with or without osteosynthesis: retrospective analysis of 
42 cases with 6 years mean follow-up. World J Surg Oncol. 2018;16(1):139. 
[CrossRef]

24.	 Dahlin DC, Henderson ED. Chondrosarcoma, a surgical and pathological prob-
lem; review of 212 cases. J Bone Joint Surg Am. 1956;38-A(5):1025-38.

25.	 Shemesh SS, Pretell-Mazzini J, Quartin PAJ, Rutenberg TF, Conway SA. Surgi-
cal treatment of low-grade chondrosarcoma involving the appendicular skel-
eton: long-term functional and oncological outcomes. Arch Orthop Trauma 
Surg. 2019;139(12):1659-1666. [CrossRef]

https://doi.org/10.2106/00004623-199903000-00004
https://doi.org/10.1302/0301-620x.84b1.11942
https://doi.org/10.1007/s00264-010-1065-x
https://doi.org/10.1097/00003086-198011000-00007
https://doi.org/10.1590/s1807-59322005000200007
https://doi.org/10.1007/s12306-017-0507-7
https://doi.org/10.7150/jca.30388
https://doi.org/10.1016/j.ejso.2009.06.001
https://doi.org/10.1007/s11999-008-0691-8
https://doi.org/10.1016/S0748-7983(98)91459-7
https://doi.org/10.1186/s12957-019-1695-4
https://doi.org/10.1007/s11751-018-0321-2
https://doi.org/10.1016/j.jcma.2016.10.002
https://doi.org/10.1097/01.blo.0000229293.98850.5d
https://doi.org/10.1007/s11999-009-1211-1
https://doi.org/10.1097/00003086-199301000-00035
https://doi.org/10.1097/00003086-198603000-00003
https://doi.org/10.3109/17453679508995543
https://doi.org/10.1097/BLO.0b013e318146830f
https://doi.org/10.1007/s10195-013-0230-6
https://doi.org/10.1007/s00432-008-0486-z
https://doi.org/10.1186/s12957-018-1437-z
https://doi.org/10.1007/s00402-019-03184-w

