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Introduction

Chondrosarcoma (CS) is the second most common primary 
bone sarcoma, accounting for one-fourth of these tumors 
[1, 2], and is classified into three histological grades based 
on the presence of cellular atypia, mitotic figures and cel-
lularity [3–7].

Histological grading of low-grade chondral tumors repre-
sents an extremely challenging task, and even among expe-
rienced pathologists an intraobserver variability has been 
witnessed [8, 9]. The clinical course cannot always be pre-
dicted on the basis of the histological grade alone [3, 10, 11]. 
Similarly, the distinction between a benign enchondroma 
and low-grade CS based on imaging studies can be exceed-
ingly difficult [9, 10]. Chondral lesions of the appendicular 
skeleton have a better prognosis and should be considered 
separately from lesions of the axial skeleton, since recur-
rence have been previously reported to be greater in certain 
locations in the axial skeleton such as the pelvis [12, 13]. 
Therefore, the diagnosis and the choice of treatment should 
rely upon a combination of radiologic and pathologic fea-
tures as well as tumor location among other clinical factors 
[10, 14, 15]. Five-year patient survival rates of 85–90% have 
been reported for these low-grade tumors, and distant metas-
tases were found to be very rare [3, 16–18].

Surgery is the only curative option for low-grade CS, 
since chemotherapy and radiation are not effective [19–21]. 
The most common treatment options described are extended 
curettage with different local adjuvants, and segmental 
resection with or without reconstruction [1, 19, 22–24].

Recently, low-grade CS of long bones has increasingly 
been treated with IL treatment and local adjuvant therapy 
due to its slow growth and low metastatic tendency [1, 11, 
15, 19, 22, 24–31]; however, there is still no consensus 
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regarding the best surgical strategy, in terms of the type of 
surgical resection, and the best adjuvant therapy to be used.

This review aims to identify which surgical intervention 
(1) has the lowest local recurrence (LR) rate and relapse-free 
survival, (2) offers the best functional outcome measured by 
the Musculoskeletal Tumor Society (MSTS) score, and (3) 
has the lowest complication rate for the treatment of low-
grade CS.

Materials and methods

This study was performed in accordance with the PRISMA 
statement [32, 33]. The Population, Intervention, Compari-
son and Outcome (PICO) framework was used to define the 
search strategy [34] (Table 1). The study’s protocol was reg-
istered before data collection was done and is accessible at 
the international prospective register of systematic reviews 
(PROSPERO CRD42017052600) [35]. The detailed flow of 
the search strategy and selection process is shown in Fig. 1.

Search strategy and eligibility

A systematic literature search was performed on Janu-
ary 2, 2017, using PubMed, Embase®, and Cochrane 
databases (Fig. 1). The following search strings for all 
fields were used in PubMed: ((low[All Fields] AND 
grade[All Fields]) AND (“chondrosarcoma”[MeSH 
Terms] OR “chondrosarcoma”[All Fields])) OR 
(grade[All Fields] AND (“chondrosarcoma”[MeSH 
Terms] OR “chondrosarcoma”[All Fields])) AND 
((“surgery”[Subheading] OR “surgery”[All Fields] OR 
“surgical procedures, operative”[MeSH Terms] OR 
(“surgical”[All Fields] AND “procedures”[All Fields] 
AND “operative”[All Fields]) OR “operative surgi-
cal procedures”[All Fields] OR “surgery”[All Fields] 

OR “general surgery”[MeSH Terms] OR (“general”[All 
Fields] AND “surgery”[All Fields]) OR “general 
surgery”[All Fields]) OR (“therapy”[Subheading] OR 
“therapy”[All Fields] OR “treatment”[All Fields] OR 
“therapeutics”[MeSH Terms] OR “therapeutics”[All Fields]) 
OR resection[All Fields] OR (“curettage”[MeSH Terms] 
OR “curettage”[All Fields])) AND (“1980/01/01”[PDAT] : 
“2016/12/31”[PDAT]). And the string: grade AND I AND 
(‘chondrosarcoma’/exp OR chondrosarcoma) OR (low AND 
grade AND (‘chondrosarcoma’/exp OR chondrosarcoma)) 
AND (‘treatment’/exp OR treatment OR ‘surgery’/exp OR 
surgery OR ‘resection’/exp OR resection OR ‘curettage’/exp 
OR curettage) AND [1980–2016]/py was used in Embase® 
(‘Broad search’ mode).

This search yielded 755 and 729 titles from PubMed and 
Embase®, respectively. Two independent reviewers (SSS and 
JMP) examined the citation information for each result from 
both databases for relevant studies; subsequently, the same 
two reviewers screened the full texts and also scanned the 
reference lists of the included articles for additional studies 
that met the inclusion criteria.

Inclusion and exclusion criteria

Studies were eligible for inclusion if they met the following 
criteria (Table 1): (1) studies describing treatment of patients 
with pathologically verified low-grade CS, (2) articles pub-
lished in English after 1/1/1980, (3) minimum duration of 
follow-up of 2 years for more than 80% of patients included; 
(4) at least five patients with a low-grade CS per study. (5) 
The proportions of adults (age ≥ 18 years old) was over 80 
percent. (6) The location of tumor was in the appendicular 
skeleton only.

Studies including other CS subtypes (e.g., mesenchy-
mal, clear cell, periosteal, myxoid, dedifferentiated, bor-
derline), grade II and higher lesions, or secondary CS 

Table 1   PICO table and selection criteria

CS Chondrosarcoma, WLE wide local excision, LR local recurrence

Inclusion criteria Exclusion criteria

Population Low-grade CS of the appendicular skeleton Other CS subtypes (e.g., mesenchymal, clear 
cell, periosteal, myxoid, dedifferentiated, 
borderline), grade II and higher lesions, or 
secondary CS

Intervention Extended intralesional curettage Radiofrequency ablation without surgery
Comparator WLE
Outcomes Primary endpoint: LR, Secondary endpoints: relapse-free survival, MSTS 

score, metastases, type and rate of complications (fracture, infection, etc.), 
death from disease, tumor upgrading or dedifferentiation

Cost-effectiveness

Study design Randomized controlled trials, comparative studies, case series Case reports, simulation studies, animal studies, 
letters, editorials, notes, congress abstracts, 
conference papers, unpublished studies
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were excluded, if the cases of low-grade CS could not be 
independently investigated. Also, radiofrequency abla-
tion without surgery, as well as case reports, simulation 
studies, animal studies, letters, editorials, notes, congress 
abstracts.

Data extraction

All eligible studies were assessed for methodological 
quality by two independent reviewers (SSS, JPM). The 
study design, methodology, patient population param-
eters and outcomes for all studies included in the sys-
tematic review were extracted into a pre-specified grid. 
Data extraction was performed by a single individual with 
independent verification by a second reviewer, with disa-
greements resolved by consensus or third reviewer (JDA) 
arbitration. In cases where the level of evidence was not 
specified by the authors, two independent reviewers (SS 
and JPM) assigned levels of evidence to each eligible 
study using the Centre for Evidence-Based Medicine in 
Oxford guidelines for therapeutic studies [36] (Table 2).

Quality appraisal

The quality of the included studies was assessed using 
STROBE for the assessment of observational studies [37]. 
Since all of the studies included in this systematic review 
were observational studies, we found this tool to be the 
more appropriate for their evaluation. We utilized 9 out of 
the 22 items of the STROBE checklist for the methodologi-
cal assessment (Tables 3, 4). These items relate to items 
5–8 and 12–16 in the original STROBE list. As part of the 
quality appraisal, we also analyzed the quality of pathologic 
evaluation of specimens (Table 5). Specifically, we sought 
whether there was a description of the pathologic criteria 
used for diagnosis, cited reference to consensus criteria 
used for diagnosis, and whether or not the diagnosis was 
established by an experienced/board-certified/certified mus-
culoskeletal pathologist. In cases where the level of exper-
tise of the pathologist was not specified, we contacted the 
corresponding authors [38, 39]. The quality appraisal score 
was comprised of 12 items (9 STROBE plus 3 pathologic 
criteria). Each item was scored as: well described (+), partly 
described (±), or poorly/not described (−). The final score 

Fig. 1   Literature review flow diagram
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was rounded off downward (e.g., an item that consisted of 1 
well described [+] and 1 partly described [±] subitem was 
scored as partly described [±]). In cases of disagreement, 
consensus was sought between the two investigators (SS and 
JPM). Articles were included if  75% of items were well 
described (+). Two partly described items (±) counted as 
one well-described item (+). Quality assessments were con-
ducted from the perspective of the populations and outcomes 
of interest to this review. After calculating and weighting the 

STROBE and pathologic criteria, all 18 studies were found 
to be relevant and eligible for inclusion in the systematic 
review.  

The following data were collected for all eligible stud-
ies: name of the journal, author and the year of publi-
cation, study type, number of patients, age, gender, 
pathology criteria used for diagnosis, follow-up length, 
modality used for treatment, local recurrence rate, occur-
rence of metastases, complications related to modality 

Table 2   Study characteristics

Results are presented as mean (range)
WLE wide local excision, P phenol, E ethanol; PMMA polymethyl methacrylate, LN liquid nitrogen, TC thermal cauterization, HP hydrogen 
peroxide
a N of patients in each group if applicable
b 32 tumors
c Based on the entire cohort and not only on eligible patients
d 40 patients were treated with RFA prior to surgery
e Reported as median
f Four patients were lost to follow-up

Authors No. of 
eligible 
patients

Age, mean (range) Gender M:F Treatment (N of 
patients in each 
group if applicable)a

Adjunct Follow-up, mean, 
mo

Level of 
evidence

Leerapun et al. [1] 70 43 (5–85) 27/43 Curettage (13)/
WLE (57)

P + E 102 (2.4–273.6) VI

Gunay et al. [25] 30 40.7 12/18 Curettage (13)/
WLE (17)

PMMA 74 (24–186) III

Donati et al. [24] 31 35 (13–67) 13/18 Curettage (15)/
WLE (16)

P and/or PMMA 
(9), LN (3)

157 (66–296) II

Campanacci et al. 
[27]

85 50 (20–76) 24/61 Curettage (64)/
WLE (21)

P + E 67 (24–206) VI

Bauer et al. [23]. 40 45 (14–70) 21/19 Curettage (24)/
WLE (16)

None 84 (24–300) VI

Aarons et al. [22] 31b 49 (14–80) 12/19 Curettage (17)/
WLE (15)

P (6), LN (3), 
PMMA (7), HP 
(1), none (4)

55 (24–203)e III

Chen et al. [42] 9 43.8 (20–71) 5/3 Curettage (5)/WLE 
(3)

84.4 (48–194) VI

Verdegaal et al. 
[11]

85 47.5 (15.6–72.3) 30/55 Curettage P + E 81.6 (2.4–169.2) VI

Souna et al. [28] 15 45 (26–70) 6/9 Curettage LN 96 (60–132) VI
Schreuder et al. [29 9 42.9 3/6 Curettage LN 27.4 (15–34) VI
Mohler et al. [2] 15 45.2 (18–70) 7/8 Curettage LN 41.9 (18–134) VI
Mermerkaya et al. 

[8]
21 48.7 (18–71) 7/14 Curettage TC 58.4 (26–85) VI

Meftah et al. [34] 39 44.9 (21.8–66.4) 13/29c Curettage LN 122.4 ± 55.2 
(60–270)

VI

Kim et al. [39] 36 46 (18–67) 13/23 Curettage E 62 (24–169)e VI
Hanna et al. [41] 39 55.5 (32–82) 10/29 Curettage PMMA 61.2 (36–104.4) VI
Di Giorgio et al. 

[38]
23 44.5 (29–71) 11/12 Curettage P 74.4 (30–132) VI

Ahlmann et al. [44] 9 54.4 (29–83) 7/2 Curettage LN 38.5 (24–60) VI
Dierselhuis et al. 

[43]
108 53.6 (25.7–82.1) 40/72f Curettage P + Ed 48.7 (24.3–97.5) VI
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treatment, and Musculoskeletal Tumor Society (MSTS) 
scores [40]. The primary outcome measure targeted for 
analysis was LR. The secondary outcome measures were 
metastasis, tumor-related mortality, complications, and 
functional outcome in terms of MSTS scores.

Outcome measurements

1.	 Oncological outcomes
The oncological analysis was based on the presence of local 

recurrences (LR), metastases, or death related to the 

Table 3   STROBE items used

a The item number from the STROBE checklist is shown in parentheses

Itema Description

Setting (5) Was the intervention clearly described in the study? Was the duration of follow-up reported?
Participant (6) Eligibility criteria, and the sources and methods of selection of participants.

Describe methods of follow-up
Variables (7) Are the outcome measures clearly defined in the introduction or methods section?
Data sources/measurement (8) Were relevant outcomes appropriately measured with objective and/or subjective methods? Are the sources of 

data and details of methods of assessment (measurement) specified?
Statistical methods (12) Describe all statistical methods, explain how missing data (loss to follow-up) were addressed if applicable
Participants (13) Report the numbers of individuals at each stage of the study—e.g., numbers potentially eligible, examined for 

eligibility, confirmed eligible, included in the study, completing follow-up, and analyzed
Descriptive data (14) Give characteristics of study participants (e.g., demographic, clinical) and information on exposures and 

potential confounders. Indicate the number of participants with missing data for each variable of interest; 
summarize follow-up time (e.g., average and total amount)

Outcome data (15) Report numbers of outcome events or summary measures over time. Were adverse events reported?
Main results (16) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (e.g., 95% 

confidence intervals)

Table 4   Quality assessment of 
included studies

a The method used to assess quality is described in the text

Study Item on STROBE checklista

Item 5 Item 6 Item 7 Item 8 Item 12 Item 13 Item 14 Item 15 Item 16

Leerapun et al. [1] + + + + + + ± ± +
Gunay et al. [25] ± + + + + + ± + +
Donati et al. [24] + ± + + + + + + +
Campanacci et al. [27] + + + + + + ± + +
Bauer et al. [23]. + + + + + + ± ± +
Aarons et al. [22] + + ± + + + + ± +
Chen et al. [42] + ± + + + + + + +
Verdegaal et al. [11] + ± + + + + ± + +
Souna et al. [28] + ± + + + + + + +
Schreuder et al. [29] + ± + + + + ± + +
Mohler et al. [2] + + + + + + + + +
Mermerkaya et al. [8] + + + + ± + + + +
Meftah et al. [34] + + + + + + + + +
Kim et al. [39] ± + + + + + + + +
Hanna et al. [41] ± + + + + + ± ± +
Di Giorgio et al. [38] ± + + + + + + + +
Ahlmann et al. [44] + + + + − + + + +
Dierselhuis et al. [43] + + + + + + + + +
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tumor. LR was defined as any recurrence of tumor fol-
lowing surgical treatment, as reported by the authors, 
regardless of the imaging modality used for surveil-
lance. Relapse-free survival was defined as the length 
of time after primary treatment, that the patient survived 
without evidence to suggest a LR. In case there was 
a clear distinction between a residual tumor and local 
recurrence, the residual tumor cases were not included 
in the analysis. For every case of LR, were collected 
the following data: time to LR (for further calculation 
of relapse-free survival), whether or not it resulted in 
reoperation and pathology from reoperation.

2.	 Functional outcome
The mean MSTS score with its SD was extracted or, if 

appropriate, calculated from individual patient data. 
In case of missing MSTS score standard deviations 
[22, 38, 41], we contacted the authors, of whom one 
responded [22] and provided us with the requested 
additional data. MSTS scores reported as percentage 
were converted to points.

3.	 Complications
For each study included in the analysis, we retrieved 

the description of every complication specified in 
the text and the overall complication rate. We evalu-
ated the following complications: infections, frac-
ture, subluxation, dislocation, component loosening, 

non-union, joint stiffness, nerve deficit, wound com-
plications, and systemic complications. If specified 
by the authors, we also retrieved the time to com-
plication and whether or not it necessitated a reop-
eration. Owing to the limited information available, 
we narratively reported the data regarding different 
complications.

Study characteristics

Eighteen retrospective cohort studies were included for final 
review and analysis following the selection process. There 
were seven (nonrandomized) comparative studies [1, 22, 23, 
25, 27, 42, 43] reporting on WLE versus IL treatment and 
11 single-arm studies [2, 8, 11, 12, 28, 29, 38, 39, 41, 43, 
44] reporting solely on IL treatment (Table 2). The number 
of patients included in each study, basic demographics, and 
the type of adjuvant used are listed in Table 2. There were 
two level III studies and one level II study, and the remainder 
was level IV studies.

Statistical analysis

The Comprehensive Meta-analysis Software package (ver-
sion 3.0, Biostat, Englewood, NJ) was used to execute the 
meta-analysis. Other descriptive statistical analysis was 

Table 5   Quality appraisal of pathological assessment

a Confirmed with authors since not specified in the article

Study Detailed description of the 
pathologic criteria is specified in the 
article

Text includes reference to previously 
published or consensus criteria used for 
diagnosis

Was the diagnosis established by a 
pathologist with expertise in muscu-
loskeletal oncology

Leerapun et al. [1] + − +
Gunay et al. [25] − + [36] +
Donati et al. [24] + + [36, 45] +
Campanacci et al. [27] + + [14, 36] +
Bauer et al. [23] − + [38] +
Aarons et al. [22] + + [36] +
Chen et al. [42] + − +
Verdegaal et al. [11] − + [19] +
Souna et al. [28] + + [38] +
Schreuder et al. [29] + − +
Mohler et al. [2] − + [36] +
Mermerkaya et al. [8] + + [14, 19] +
Meftah et al. [34] − − +
Kim et al. [39] − − +a

Hanna et al. [41] + + [28] +
Di Giorgio et al. [38] − − +a

Ahlmann et al. [44] + − +
Dierselhuis et al. [43] + − +
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carried out using IBM SPSS (V.24; SPSS, Chicago, Illi-
nois, USA).

For dichotomous outcomes, odds ratio (OR) and 95% 
confidence interval (CI) were calculated. For continuous 
outcomes, standard difference in means and 95% CI were 
calculated. The heterogeneity of treatment effect among tri-
als was assessed using the I2 statistics. This describes the 
percentage of total variation across studies that is due to 
heterogeneity rather than chance or random error [45]. A 
value greater than 50 percent reflects significant heterogene-
ity owing to real differences in study populations, protocols, 
interventions and outcomes. A random effects (DerSimo-
nian–Laird) model was used for all analyses, as the data 
were accumulated from a series of studies that had been 
performed by researchers operating independently, using dif-
ferent modalities of treatment and follow-up methods. For 
single-arm studies, the event rate for LR and complication 
rate were computed and compared.

Relapse-free survival was calculated with the 
Kaplan–Meier method with the log-rank test used to com-
pare between survival estimates of IL and WLE. We tested 
for publication bias by calculating funnel plot asymmetry 
with respect to recurrence rates. All P values were two-
sided, and an α level of ≤ 0·05 was used to determine sta-
tistical significance.

Publication bias

Publication bias in the literature was assessed with a funnel 
plot (Fig. 2). The funnel plot asymmetry indicated the pos-
sibility of some missing studies.

Therefore, we utilized the Duval and Tweedie’s trim and 
fill method. Here, the asymmetric outlying part of the fun-
nel plot was trimmed off, and the number of studies in this 
asymmetric part was estimated. These studies were used to 
estimate the true center of the funnel. This estimate sug-
gested that missing studies would not significantly affect 
the results, which indicated the influence of the publication 
bias was small. The asymmetry of the funnel plots seems to 

reflect the clinical and methodologic heterogeneity rather 
than publication bias.

Results

Study population

A total of 18 studies, comprising a total number of 695 
patients (range 9–108 per study) with a male-to-female ratio 
of 1:1.8 were included in this review. The mean patient age 
per study ranged from 35 to 55.5 years.

There were 444 tumors confined to the lower extremity 
(63.8%) and 253 to the upper extremity (36.4%). Aggregated 
data showed that the femur was the bone most commonly 
involved (314 cases, 45.1%), followed by the humerus (241, 
34.6%) and the tibia (102, 14.6%).

Pooled individual patient data retrieved from seven 
studies, [2, 22, 23, 29, 42, 44, 46], reporting a total of 137 
patients, were available for analysis.

Oncological outcomes

A.	 Local recurrence
The local recurrence rate for intralesional treatment was 

obtained for each of the 18 studies [1, 2, 8, 11, 12, 22, 
23, 25, 27–29, 38, 39, 41–44, 46] and varied from 1.4 
to 13.3%. A one-arm meta-analysis of all IL subgroups 
from all 18 studies showed a mean event rate of 0.089 
(95% CI 0.065–0.120) for IL treatment, regardless 
of the adjuvant therapy used, with low heterogeneity 
(I2 = 0.0%, P = 0.68) (Fig. 3a). Meta-analysis of seven 
available comparative studies [1, 22, 23, 25, 27, 42, 47] 
(Fig. 4a) showed that the recurrence rate was not sig-
nificantly different between the WLE group and the IL 
treatment group (OR 2.31; 95% CI, 0.85–6.26; P = 0.1) 
with low heterogeneity (P = 0.775; I2 = 0.00%). Pooled 
individual patient data from seven studies [2, 22, 23, 
29, 42, 44, 46], reporting on a total of 137 patients, was 
analyzed for LR between comparing WLE (N = 45) to 
IL treatment (N = 92). LR rates of 8.6% (8 cases) in the 
IL group and 4.4% (2 cases) in the WLE group were 
found, and this difference was found not to be statisti-
cally significant (Fisher’s exact test, P = 0.497)

Adjuvant therapy

There most commonly reported adjuvants in our review were 
phenol and cryotherapy. Therefore, we carried out another 
analysis for LR, including only studies reporting either 
one of these two adjuvants (Fig. 5a). Phenol was found to 
have a comparable LR rate compared to cryotherapy [event Fig. 2   Funnel plot of standard error for by logit event rate for LR
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rate 0.085 (95% CI 0.058–0.134) versus 0.078 (95% CI 
0.036–0.159), respectively, P = 0.741].

Another analysis of pooled individual participant data 
(N = 80) was then carried out to compare between differ-
ent adjuvants utilized in intralesional surgery [no adju-
vant (N = 29), phenol (N = 6), cryotherapy (N = 38), 

polymethyl methacrylate (PMMA) (N = 6), and hydrogen 
peroxide (N = 1)]. There were a total of six recurrences 
described (three with cryotherapy, two with no adjuvant, 
and one with PMMA), with no statistically significant dif-
ference between the different local adjuvants (P = 0.85).

Fig. 3   Forrest plots of event rates for LR (a) and complication rates 
(b) with IL therapy for single-arm studies and IL subgroups from 
comparative studies, using the random effects model. The areas of the 

squares are proportional to the weights used for combining the data; 
diamonds represent overall risk estimates; horizontal lines represent 
95% CI. CI confidence interval
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Relapse‑free survival

Pooled individual participant data was available for 
Kaplan–Meier analysis (Fig. 6a). The relapse-free survival 
at 5 years was 90.8% for the entire cohort, 93.5% for WLE, 
and 88.9% for IL treatment. Comparison between WLE and 
IL treatment showed no statistically significant difference in 
relapse-free survival (log-rank = 0.392, P = 0.531) (Fig. 6b).

B.	 Metastases
Metastases from low-grade CS were reported in two com-

parative studies [1, 25], with a total of five patients. The 
other 16 studies reported no metastases at final follow-
up. Therefore, the overall rate of metastatic disease in 
the entire cohort can be estimated to be 0.71%. A meta-
analysis of the seven comparative studies [1, 22, 23, 
25, 27, 42, 47] comparing the rate of metastases dem-
onstrated no statistically significant difference between 
WLE and IL treatment (OR 0.88; 95% CI, 0.097–8.17; 
P =  0.91), with a low between-study heterogeneity 
observed (I2 = 21.77%, P = 0.258) (Fig. 7). The mean 
time from the initial surgery to diagnosis with metasta-
ses was 27.4 months (range 4–72 months). One patient 

had metastases on multiple sites, while the other four 
patients had a single-site metastases. The most com-
mon site was the lung (5 out of 5 patients). In two of the 
patients, metastases associated with recurrent tumors 
upgraded to either grade II CS or dedifferentiated CS.

Of the five patients with metastatic disease, two patients 
with metastasis involving the lung were treated with metas-
tectomy. Systemic treatment was not specified by the 
authors. Three of the patients with metastatic disease died 
at final follow-up.

Functional outcomes

MSTS scores were reported on 11 studies [2, 8, 12, 22, 28, 
29, 38, 41, 42, 44, 46]. However, two studies did not report 
the standard deviation and therefore were not included in the 
analysis [38, 41]. The mean reported MSTS score ranged 
from 21.8 to 28.2 for WLE and from 26.5 to 29.7 for IL. 
Three comparative studies reported MSTS scores for both 
WLE and IL treatment [22, 42, 46]. A meta-analysis of those 
studies revealed a standardized difference in means of 1.39 

Fig. 4   Forrest plots displaying odds ratios of LR rates (a) and complications (b) between WLE and IL treatment, using the random effects 
model. Heterogeneity of treatment effect among trials is presented with I2 statistics
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points (SE 0.27, range 0.84–1.93, P < 0.001) with low het-
erogeneity (P = 0.44; I2 = 0.0%) (Fig. 8).

Individual participant data from six studies [2, 22, 29, 42, 
44, 46] were available for analysis of MSTS scores, report-
ing individual scores for a total of 103 patients. The mean 
MSTS score was 28.12 for the IL treatment group (N = 70) 
compared to 23.88 for the WLE group (N = 33), finding 
that was statistically significant in favor of the IL treatment 

group (mean difference 4.23, SE = 0.722, 95% CI 2.8–5.6, 
P < 0.001).

Complication rates

All studies except two [23, 41] reported on complications. 
Overall, there were 62 reported complications (61 patients) 
in 616 patients (excluding the two studies in which report 

Fig. 5   Meta-analysis of LR rates (a) and complication rates (b) compared between cryosurgery and phenol. Heterogeneity of treatment effect 
among trials is presented with I2 statistics
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complication rate was not reported), giving an overall com-
plication rate of 10.06% (61/616).

Meta-analysis of data obtained from five comparative 
studies (Fig. 4b) reporting on complication rates demon-
strated a significantly lower rate in favor of the IL group (OR 
2.27; 95% CI, 0.07–0.72; P = 0.012) with low heterogeneity 
(P = 0.62; I2 = 0.00%).

A separate one-arm meta-analysis of all IL subgroups 
from all 18 studies showed a mean event rate of 0.108 (95% 
CI 0.08–0.146) for IL treatment, regardless of the adju-
vant used, with low heterogeneity (I2 = 4.86%, P = 0.39) 
(Fig. 3b).

Individual participant data reporting on complications 
showed that the most common complications were frac-
ture (50%), followed by dislocation (11.1%) and non-union 
(11.1%) within the WLE group. For patients undergoing 
IL treatment, fractures (73.81%) were found to be the most 
common complication, followed by infection (7.14%) and 
joint stiffness (7.14%) (Fig. 9).

Adjuvant therapy

Single-arm meta-analysis comparing between phenol and 
cryotherapy showed a higher complication rate for cryother-
apy. However, the difference between these two modalities 
was not statistically significant (0.089; 95% CI 0.041–0.183 
vs. 0.126, 95% CI 0.069–0.220, respectively, P = 0.587) 
(Fig. 5b).

Reoperation rate

We further analyzed individual participant data available to 
compare the likelihood of requiring a reoperation, between 
WLE and IL. The overall reoperation rate following a com-
plication was 71%. The reoperation rate was found to be 68% 
for IL treatment versus 77.7% for WLE, a difference that was 
not statistically significant (Fisher’s exact test, P = 0.58). 
Likewise, the reoperation rate following a fracture was not 
significantly different (70.9% for IL vs. 71.4% for WLE, 
P = 0.68).

Discussion

The diagnosis and treatment of low-grade CS continues to 
be controversial. Differentiation between chondral lesions 

Fig. 6   a Kaplan–Meier survivorship curve is shown for relapse-free 
survival, with local recurrence as an endpoint, b Kaplan–Meier survi-
vorship curves for relapse-free survival, comparing WLE (green line) 
with IL treatment (blue line)

Fig. 7   Forrest plots displaying odds ratios for metastasis, between WLE and IL treatment. Heterogeneity of treatment effect among trials is pre-
sented with I2 statistics
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of different histological grades on preoperative imaging 
alone is complicated by interobserver variability [9]. Nev-
ertheless, several recent studies have demonstrated the 
safety of surgical treatment for low-grade CS, diagnosed 
based purely on preoperative imaging, without biopsy 
[48, 49] as long as strict criteria are adhered to in the 
MRI diagnosis (high-grade features include: peritumoral 
edema, cortical destruction, cortical expansion, periostitis, 
and soft tissue extension). The role of biopsy in the preop-
erative assessment of low-grade chondral tumors is ques-
tionable. Disadvantages of biopsy include sampling errors, 
delay in treatment, increased risk of local recurrence 
from seeding, morbidity and cost, and a risk of under-
grading or overgrading the tumor [49, 50]. Brown et al. 
[48] reported a series of 53 patients and demonstrated the 

safety of intralesional treatment for low-grade CS when 
relying on preoperative radiology with or without addi-
tional needle biopsy, with only a small proportion showing 
high-grade features on final histology. The authors suggest 
that a biopsy should be reserved only for cases of chondral 
lesions demonstrating atypical or inconclusive features on 
MRI. This stresses the importance of a multidisciplinary 
approach, with combined clinical and radiological assess-
ment for planning the surgical treatment of these tumors.

While the traditional treatment with wide resection 
ensures total removal of tumor cells, these procedures may 
require complex reconstructions and are associated with a 
higher degree of morbidity [2]. In a previous meta-analysis, 
curettage has been shown to not greatly increase the risk 
of local recurrence and metastases [14]. Different adju-
vants have been proposed as methods to extend the zone of 
tumor kill, among which are: phenol, alcohol, electrocau-
tery, PMMA, and cryotherapy. However, there are currently 
no clinical studies to compare the effectiveness of differ-
ent modalities for extended curettage, to our knowledge. As 
there is no consensus regarding the best surgical treatment of 
this low-grade malignancy, performing a systematic review 
of the literature in the absence of quality randomized pro-
spective trials might offer some insight into the best treat-
ment option.

We aimed to identify which surgical approach provides 
the lowest recurrence rate, lowest complications rate and 
the best functional outcome measured by the MSTS score. 
Our findings suggest no statistically significant advantage 
to WLE in terms of local recurrence or metastases. On the 
other hand, we demonstrated a significantly lower rate of 
complications and higher mean functional scores, with IL 
treatment. These findings are in line with a previous meta-
analysis by Hickey et al. [14] who included five comparative 
studies and found an odds ratio of 2.26 for IL treatment (95% 
confidence interval, 0.41–12.62) for local recurrence, which 
is very similar to our finding (OR 2.31; 95% CI, 0.85–6.26; 
P = 0.1).

Fig. 8   Forrest plot displaying standard difference in means of MSTS scores between WLE and IL treatments. Heterogeneity of treatment effect 
among trials is presented with I2 statistics

Fig. 9   Bar charts presenting the proportion of the most common 
complications reported for IL treatment (left) and WLE (right)
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Functionally, IL treatment was found to yield better mean 
MSTS scores at final follow-up when compared with WLE, 
bases on a meta-analysis of three comparative studies. Obvi-
ously, functional outcome improves dramatically when limbs 
and joints are spared.

With regard to the specific type adjuvant therapy used 
during IL treatment, we sought to compare between the 
two most commonly reported types of adjuvants, cryosur-
gery and phenol, which were used in five and five studies, 
respectively. Owing to the limited information available, the 
current collected data did not allow for subgroup analysis 
of other adjuvants used as means to extend the margins of 
IL curettage, such as ethanol [39], hydrogen peroxide [22], 
PMMA [41], and thermal cauterization [8].

Fractures have been described as a common complication 
following cryosurgery to weight-bearing bones, due to the 
production of a large cavity with a rim of eggshell-like dead 
bone [51]. Yun et al. compared the extent of necrosis created 
with cryosurgery versus phenol in dogs’ femurs. They found 
a significantly larger area of damage with cryosurgery, while 
the effect of phenol was negligible in that only microscopic 
areas of superficial focal necrosis were found around the 
cavity wall [52]. We would therefore expect to find a greater 
recurrence rate with phenol, and perhaps more complica-
tions with cryosurgery. Our analysis showed no consider-
able differences between those two modalities with regard 
to local recurrence rates, complication rates, or reoperation 
rates. However, these results should be interpreted with cau-
tion since there are no actual comparative studies, to our 
knowledge, between these two modalities of treatment.

There are several limitations to this study, inherent to the 
nature of the available data. The studies included are all ret-
rospective cohort design with a relatively small sample sizes 
subject to systematic and random biases. Unfortunately, this 
is true in general for orthopedic oncology, as retrospective 
studies continue to be the dominant form of evidence for the 
surgical management of primary bone tumors of the extremi-
ties [53, 54]. The results presented consist of aggregated as 
well as pooled individual participant data extracted from 
many smaller studies with various treatment modalities 
employed and varying patient populations. However, the 
low incidence of CS in general makes comparative trials 
extremely difficult to perform. Since the pathologic crite-
ria and diagnostic measures employed in these studies were 
critically evaluated, the likelihood of confounding variables 
and bias was minimized. With respect to possible selection 
bias, the demographics from pooled data available showed 
that patients in the intralesional group were significantly 
younger than patients undergoing WLE (42.9 ± 14.7 vs. 
49.43 ± 12.93, P = 0.036). This is likely due to the tendency 
to preserve joint function and therefore avoid arthroplasties 
in younger patients. Another limitation of the study is the 
selection bias with regard to the surgical treatment chosen, 

as WLE was probably reserved for cases with a more aggres-
sive radiologic appearance. What would have been the recur-
rence rate with curettage in this patient population remains 
unknown.

The small number of included studies and their relatively 
small sample sizes are a possible reason for failing to detect 
study heterogeneity if it did exist, as the test for heteroge-
neity is low powered in this type of setup. In addition, the 
number of events for primary and secondary outcomes was 
low, especially metastases.

We believe there is a need for methodologically high-
quality studies with more uniform study design and more 
uniform reporting. Wise decisions with regard to the choice 
for WLE or IL treatment will require trials of higher quality. 
Despite these limitations, we believe our findings represent 
the best available evidence.

Conclusions

The results of the current systematic review and meta-anal-
ysis indicate better functional results and a lower complica-
tion rate for IL treatment, with no significant difference in 
risk of local recurrence or metastasis, compared to WLE.

Further collaboration in the field of surgical oncology, 
using randomized controlled trials, is required to establish 
the superiority of any particular adjuvant treatment used dur-
ing IL treatment for low-grade CS.
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