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Abstract

Background Intralesional excision and en bloc resection

are used to treat giant cell tumors (GCTs) of the distal

radius. However, it is unclear whether one provides lower

rates of recurrences and fewer complications, and whether

the use of polymethylmethacrylate (PMMA) after curettage

reduces the risk of recurrence.

Questions/Purposes We examined whether curettage was

associated with lower rates of recurrence and fewer major

complications compared with en bloc excision, and

whether PMMA resulted in lower rates of recurrence

compared with a bone graft.

Methods We systematically searched the literature using

the criteria, ‘‘giant cell tumor’’ AND ‘‘curettage’’ OR

‘‘intralesional excision’’ OR ‘‘resection’’. Six relevant

articles were identified that reported data for 80 curettage

cases (PMMA, n = 49; bone graft, n = 26; no PMMA or

bone grafts, n = 5) and 59 involving en bloc excision. A

meta-analysis was performed using these data.

Results Overall, patients in the intralesional excision group

had a higher recurrence rate (relative risk [RR], 2.80; 95%

CI, 1.17–6.71), especially for Campanacci Grade 3 GCTs

(RR, 4.90; 95% CI, 1.36–17.66), yet fewer major compli-

cations (RR, 0.21; 95% CI, 0.09–0.54) than the en bloc

resection group. The use of PMMA versus bone graft did not

affect the recurrence rate (RR, 0.98; 95% CI, 0.44–2.17).

Conclusions Based on data obtained from the limited

number of studies available, intralesional excision appears

to be more appropriate for the treatment of local lesions

(eg, Grades 1 and 2) than Grade 3 GCTs of the distal

radius. Moreover, PMMA was not additionally effective as

an adjuvant.

Level of Evidence Level III, therapeutic study (systematic

review). See Guidelines for Authors for a complete

description of levels of evidence.

Introduction

Giant cell tumors (GCTs) of bone are relatively rare, and in

some cases are enigmatic. For example, although they typ-

ically are considered benign, some are aggressive and

metastasize to the lungs. GCTs typically affect young adults

between the ages of 20 and 40 years [16, 37, 50], and occur

somewhat more commonly in women [2, 4, 7, 16, 28]. GCTs

have occurred in the distal radius in approximately 10% of

cases (range, 8%–13%) [7, 16, 19, 28, 38, 40], whereas more

common sites have included the distal femur and proximal

tibia. Local control and reconstruction of GCTs in the distal

end of the radius have been challenging owing to the limited
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amount of surrounding soft tissue, the proximity of this

region to adjacent neurovascular structures, and the juxta-

articular location.

Treatment options have included intralesional excision

(curettage) with or without adjunctive modalities (eg, high-

speed burring, cryotherapy, phenol, and hydrogen perox-

ide), en bloc resection followed by reconstruction, or

arthrodesis. The best treatment approach for GCTs that

occur in the distal radius is unclear. Recurrence rates have

ranged from 25% to 89% for both procedures [1, 4, 29, 35,

41], although the recurrence rates for en bloc resection

reportedly range from 0% to 33% [1, 3, 29, 41]. In addition,

en bloc resection usually requires sacrifice of the articular

surface, and secondary arthritis has occurred in 13% to

50% of patients [8, 13, 16]. Based on these considerations

and the decreased function associated with the en bloc

method, some surgeons have suggested that resection

provides a more aggressive treatment for GCTs [8, 46]. In

contrast, some surgeons have reported that intralesional

excision, combined with various adjunct therapies, pro-

vides comparable recurrence rates ranging from 0% to 28%

[8, 18, 19, 23, 46, 51]. Furthermore, if curettage fails, it

does not preclude other forms of treatment, such as en bloc

resection followed by reconstruction or arthrodesis.

Moreover, repeated curettage has been used with recurrent

GCTs in the distal radius, and local control has been

achieved in 89% to 100% of cases [18, 19, 46].

After curettage, various filling materials have been used,

including autografts [8, 16, 38], polymethylmethacrylate

(PMMA) [16, 18, 37, 38, 46, 51], calcium phosphate [31],

or no packing [19]. Furthermore, numerous authors have

suggested PMMA extended the effective curettage area

owing to toxicity mediated by the PMMA monomer and

the exothermic reaction produced by curing polymer [5, 30,

32, 44]. However, the use of bone grafts still is considered

a more physiologic method for reconstruction [38].

Given the inconsistent conclusions reported in various

studies for surgical management of GCTs in the distal radius,

we examined: (1) whether overall recurrence rates differed

between curettage and en bloc excision, (2) whether recur-

rence rates differed between curettage and en bloc excision for

Campanacci Grade 3 GCTs [7], (3) whether recurrence rates

differed with the use of PMMA versus bone grafts for patients

treated with curettage, and (4) whether major complication

rates differed between curettage and en bloc excision.

Search Strategy and Criteria

Two independent assessors (YPL, BHS) performed a review

of the literature (using electronic searches of Google Scholar

[1966 to May 2011], Medline [1966 to May 2011], EMBASE

[1974 to May 2011], and Cochrane Controlled Trial Register

databases [The Cochrane Library 2011]). Furthermore, they

conducted searches without language restrictions to identify

all studies that assessed recurrence rates and complications

associated with GCTs in the distal radius. The keyword pairs

searched for included: ‘‘giant cell tumor’’ AND ‘‘radius’’,

‘‘giant cell tumor’’ AND ‘‘curettage’’, ‘‘giant cell tumor’’

AND ‘‘intralesional excision’’, ‘‘giant cell tumor’’ AND

‘‘resection’’, ‘‘giant cell tumor’’ AND ‘‘bone graft’’, ‘‘giant

cell tumor’’ AND ‘‘cement’’. Additional searches were made

of the reference lists in the retrieved studies relevant to the

distal radius and retrieved all potentially relevant studies. An

initial search yielded 1395 titles (Fig. 1). The two authors

(YPL, BHS) then independently reviewed titles and abstracts

for the studies that reported the outcome of interest for

curettage and resection. After this initial review, 1365 arti-

cles were excluded and 30 were retained for full text review.

From these 30 articles, those that reported on patients from

the same cohort who underwent intralesional excision and en

bloc resection for treatment of GCTs of the distal radius were

included, as were studies that reported local recurrence and

complications as a primary outcome. In contrast, exclusion

criteria included studies where: (1) the overall number of

patients with GCTs of the distal radius did not exceed six,

(2) an uncontrolled case series study was performed, and/or

(3) it was impossible to extrapolate or calculate the dates of

recurrence or complications from the published results. After

application of these criteria, two reviewers (YPL, BHS)

independently selected relevant studies, and discussed any

discrepancies to reach a consensus. The reviewers selected a

total of six studies, all of which were cohort studies published

in English or Turkish between 1993 and 2010 (Table 1) [8,

16, 18, 37, 46, 51]. Moreover, none of these studies included

Level I or II evidence, primarily because in musculoskeletal

oncologic surgical trials, patients have differences in inci-

sion length and tumor size and cannot be randomly divided

into two groups.

The same two reviewers (YPL, BHS) also independently

evaluated the six studies using the Methodological Index for

Nonrandomized Studies (MINORS) scale [47], and the

Newcastle-Ottawa scale (NOS) [54]. These scales allocated

a maximum of 24 points (MINORS) and nine points (NOS),

respectively, for quality of selection, comparability, expo-

sure, and outcome of study participants. For these six

studies, both reviewers had median scores of 17 and 8 for the

MINORS scale and NOS questionnaire, respectively. The

two reviewers then independently extracted data on tumor

recurrence and complications, resolving discrepancies

through discussion.

In the six studies selected for examination, data for

139 patients were available. Of these patients, 80 under-

went intralesional excision and 59 underwent en bloc

resection, with 71 patients in five studies [8, 16, 18, 46, 51]

treated for Grade 3 GCTs available for subgroup analysis.
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In addition, a total of 75 patients received PMMA (n = 49)

versus bone grafts (n = 26). Major complications were

reported in five studies [8, 18, 37, 46, 51] for 49 patients in

the curettage group versus 44 patients in the en bloc

resection group. These major complications included:

nonunion at the graft-radius junction, fracture of graft, skin

necrosis, death, fragmentation with carpal collapse, and

subluxation or arthrosis which impaired joint function.

Results from the meta-analysis performed are reported in

terms of relative risk (RR) with 95% confidence interval

(CI). In addition, we evaluated heterogeneity among studies

using the Cochrane Q test, with a p-value set at 0.1 for

significance. Heterogeneity between trials was evaluated

based on an assigned I2 value [17], and substantial hetero-

geneity was represented by an I2 value greater than 50%. In

the presence of heterogeneity, we used a random effect

model; otherwise, we used a fixed effect model. The level of

significance for the combined estimates was 0.05, and all

calculations were performed using RevMan 5.1 software

(The Cochrane Collaboration, Copenhagen, Denmark).

Results

Overall recurrence rates for GCTs of the distal radius treated

with intralesional excision versus en bloc resection was 31%

Potentially relevant studies from 

literature search (n = 1395)

Studies selected for full text review

(n = 30)

Eligible studies included

(n = 6)

Studies excluded after title/

abstract review (n = 1365)

Studies excluded due to lack of detailed data  

regarding distal radius (n = 24) 

Fig. 1 The flow diagram shows how

the literature search was performed.

Table 1. Characteristics of the trials examined in this study

Study* Total number

of patients (ulna^)

Mean age,

years (range)

Male/

female

Mean followup

months (range)

Adjuvant Resection/

reconstruction

Filling

material

Kang et al. [18]

(2010)

15 38 (25–87) 10/5 60 (22–99) HSB,

cryosurgery

Arthrodesis PMMA

Ozalpt et al. [37]

(2006)

23 (5) 32 (12–74) 6/17 80 Phenol Arthrodesis,

fibular

PMMA,

bone graft

Harness and

Mankin [16] (2004)

49 (3) 31 (15–54) 20/29 168 (48–336) HSB, phenol Allograft PMMA,

bone graft

Cheng et al. [8]

(2001)

12 36 (16–72) 4/8 72 (36–192) HSB, phenol Allograft,

fibular

Bone graft

Sheth et al. [46]

(1995)

26 34 (17–81) 12/14 108 (36–408) Cryosurgery Arthrodesis PMMA,

bone graft

Vander Griend and

Funderburk

[51] (1993)

22 32 (16–74) 5/17 (24–228) HSB, pulsating

lavage

Arthrodesis,

arthroplasty

PMMA

* All studies used a cohort design; HSB = high-speed burr; PMMA = polymethylmethacrylate; ^ of the total number of patients, the subset that

involved GCT of the ulna.
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(25 of 80) versus 7% (four of 59), respectively. Furthermore,

in four studies that directly compared intralesional excision

and en bloc resection [16, 18, 37, 46], the pooled RR for

tumor recurrence was 2.8 (95% CI, 1.17–6.71; p = 0.02;

homogeneity I2, 0%), suggesting that intralesional excision

was associated with a higher rate of recurrence (Fig. 2).

A subgroup analysis of tumor recurrence for Campan-

acci Grade 3 GCTs treated with intralesional excision

versus en bloc resection was reported in 28% (nine of 32)

versus 3% (one of 39) of cases, respectively. In three

studies where these two groups were directly compared

[16, 18, 46], the pooled RR for tumor recurrence was 4.9

(95% CI, 1.36–17.66; p = 0.02; homogeneity I2, 0%).

Based on these results, the possibility of recurrence after

intralesional excision was nearly fivefold greater than after

en bloc resection (Fig. 3).

For cases in which PMMA was used to fill the resulting

cavity versus bone graft, local recurrence occurred in

32.7% (16 of 49) versus 30.8% (eight of 26) of cases,

respectively. Moreover, in three studies that directly com-

pared patients who received PMMA versus bone grafts [16,

37, 46], the RR for local recurrence was 0.98 (95% CI,

0.44–2.17; p = 0.95; homogeneity I2, 0%) (Fig. 4), indi-

cating there was no difference in recurrence rates.

For major complications that were reported, the pooled

RR for the intralesional excision group versus the en bloc

resection group was 0.21 (95% CI, 0.09–0.54; p = 0.001;

homogeneity I2, 0%) (Fig. 5). Therefore, a lower rate of

Fig. 2 This forest plot shows pooling of relative risks (RR) of overall

recurrence by type of treatment (95% CI, 1.17–6.71; p = 0.02).

Overall recurrence rates were higher for patients treated with

curettage than for patients treated by resection, whether studies

limited to Campanacci Grade 3 were included or excluded.

Fig. 3 This forest plot shows pooling of relative risks (RR) of recurrence for Campanacci Grade 3 GCTs (95% CI, 1.36–17.66; p = 0.02).

Recurrence rates were higher for patients treated with curettage than for patients treated by resection.
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major complications was associated with the intralesional

excision group.

Discussion

Extension of curettage has been achieved using a high-

speed burr combined with adjuvant to preserve joint

function, and this method has been associated with a low

rate of recurrence (4%–14%) [5, 6, 12, 13, 23, 25, 27, 36,

44, 48, 52, 53, 56]. Therefore, our objective was to identify

cases of GCTs of the distal radius to determine whether

curettage is associated with lower rates of recurrences and

fewer major complications compared with en bloc exci-

sion, and whether recurrence rates differed with the use of

PMMA versus bone graft in patients treated with curettage.

Our meta-analysis has some limitations. First, few studies

met the inclusion criteria, perhaps because GCTs of the

distal radius are relatively uncommon. As a result, a small

number of cases was available for evaluation. Correspond-

ingly, subgroup analyses according to each stage of disease

and an analysis of the effect of previous treatment were

unable to be performed. Second, there were an additional 24

articles (Table 2) that were relevant to our study, yet did not

provide sufficient data to calculate or extrapolate recurrence

or complications. For articles that had more than six cases of

the distal radius, the authors were contacted to request the

original data. However, these requests either were not

addressed or were denied. Third, randomized controlled

trials have not been conducted. Therefore, the retrospective

cohort studies examined reflected the best evidence cur-

rently available. However, substantial selection bias is

present as patients with less aggressive lesions likely would

have been treated with intralesional excision. Fourth, only

three studies reported patient function. Moreover, the data

provided were limited by inconsistent reporting of outcome

measures used, and grip strength and ROM data could not

be pooled owing to the lack of standard deviation and

individual patient data. Fifth, the followups for the studies

examined were variable, with a minimum followup incon-

sistently established. In addition, delayed recurrence has

been reported as much as 20 years after treatment [45].

However, 75% to 80% of patients have experienced recur-

rence of GCTs within 2 years [14, 19, 20, 26, 40]. Sixth,

different adjuvants were used (eg, phenol, cryosurgery,

high-speed burr) in the curettage group reviewed. When

these data were pooled (I2 = 0%), no obvious heterogeneity

was found, suggesting that a subgroup analysis to assess the

role of adjuvants was not needed. Finally, there were neither

uniform definitions nor established classifications available

for reporting major complications. Consequently, we

defined this category ourselves; however, given that a

Fig. 4 Pooling of relative risks (RR) of overall recurrence according to the type of bone filling used is shown (95% CI, 0.44–2.17; p = 0.95). No

differences in recurrence were found.

Fig. 5 This forest plot shows pooling of relative risks (RR) of major complications according to the type of intervention (95% CI, 0.09–0.54;

p = 0.001). Patients treated with en bloc resection reported more major complications than patients treated with curettage.

2890 Liu et al. Clinical Orthopaedics and Related Research1

123



Table 2. Characteristics of the trials (n = 24) excluded in this study after full text review

Study Total number of

patients (distal

radius cases)

Followup

range

Filling material

(number of cases)

Resection

(number of cases)

Overall

recurrence

rate

McDonald et al. [28] (1986)� 221 (29) 2–21 years NR NR C 34%

W 7%

Campanacci et al. [7] (1987)� 280 (NR) 2–44 years NR NR I 27%

M 8%

W or RE 0%

Rooney et al. [43] (1993)* 31 (3) 2–13 years NR NR I 25%

M or W 9%

Gitelis et al. [13] (1993) * 40 (5) 32–204 months None Allograft (5) I 5%

R 0%

Renard et al. [42] (1994)* 19 (1) 4–31 years None Arthrodesis (1) I 25%

M or W 0%

Lausten et al. [24] (1996)* 31 (2) 8–406 months NR (1) NR (1) I 56%

W 0%

Oda et al. [34] (1998)* 47 (5) 60–371 months NR (3) Fibular (2) I 75%

E and C 50%

W 0%

Labs et al. [22] (2001)* 23 (1) 31–89 months NR NR I 13%

W 0%

Turcotte et al. [50] (2002)� 186 (19) 24–192 months NR NR C 18%

R 16%

Ng et al. [33] (2002)* 31 (4) 20–121 months None Fibular (3),

amputation (1)

C 29%

W 6%

Ghert et al. [12] (2002)� 75 (8) 24–224 months NR NR I 14%

M or W 13%

Ward and Li [53] (2002)* 30 (4) 1–9.6 years PMMA (1),

bone graft (3)

Allograft (1) C 8%

W 0%

Su et al. [48] (2004)� 87 (9) 28–138 months NR NR C18%

W 3%

Wang et al. [52] (2005)* 24 (2) 2–20 years PMMA (1) Allograft (1) C 14%

W 0%

Lim et al. [26] (2005)* 16 (0) 30–132 months None None C 29%

W 50%

Guo et al. [14](2006)� 146 (21) 24–180 months NR NR C 19%

R 6%

Zhang et al. [55](2006)* 38 (2) 12–144 months NR NR C 27%

R 0%

Panchwagh et al. [38] (2007)� 23 18–71 months PMMA (5),

bone graft (7)

Arthrodesis (9),

fibular (6), ulnar (5)

Overall 32%

Gupta et al. [15] (2007)� 93 (14) 3–20 years None Fibular (14) C 35%

W 6%

Balke et al. [4] (2008)� 214 (9) 8–280 months PMMA(5), NR (4) None C 34%

W 0%

Muramatsu et al. [31] (2009)* 23 (3) 12–180 months Calcium

phosphate (2)

Fibular (1) C 0%

W 0%

Pietschmann et al. [39] (2010)* 46 (2) 1–289 months NR NR C 38%

R 17%
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greater number of complications was associated with the en

bloc resection group, our results were unlikely to have been

affected.

The pooled data indicate that intralesional excision did

not provide the same local control as en bloc resection, and

recurrence rates remained high (31%) despite various

adjuvants being used. This may be attributable to the close

proximity of the distal radius to the distal ulna, carpal

bones, and various tendons, nerves and vessels, in addition

to limited surrounding soft tissues [46].

For Campanacci Grade 3 GCTs, the possibility of recur-

rence for the intralesional excision group was nearly fivefold

greater than for the en bloc resection group. In contrast, other

studies have reported that Grade 3 lesions were treated

effectively with intralesional procedures [8, 18, 46]. As the

latter involved the selection of patients with minimum cor-

tical perforation and less tumor extension, the chance of

recurrence would be reduced. These considerations, in

combination with the results of our study, suggested that

curettage should be used prudently with Grade 3 GCTs. This

finding is consistent with other studies [16, 19] where

curettage also was recommended for Grades 1 and 2 CGTs.

Some studies have reported a lower risk of local recur-

rence with the use of PMMA for curetted cavities [2, 4, 20,

21]. However, we found that tumor recurrence for patients

who received PMMA did not differ from patients who

underwent a bone graft. These data were consistent with

those of other studies, leading to questions regarding the

benefit of PMMA [12, 35, 50] versus the potential for car-

tilaginous degeneration [6, 49]. In our survey of 75 patients

using PMMA or a bone graft, only one patient from each

group reported having arthritis [16]. This may be attributable

to the small amount of cement used in the distal radius [51]

and the wrist not being a weightbearing joint.

Previously, en bloc resection was associated with a rel-

atively high rate of major complications (range, 29%–100%)

[8, 16, 37, 46, 51]. These complications included nonunion

at the graft-radius junction (12%–38%) [16, 37, 46, 51],

fracture of graft (13%–29%) [46, 51], subluxation (12%–

67%) [8, 51], and arthritis (13%–50%) [8, 16], and one

patient died of postsurgical pneumonia [18]. In contrast,

major complications reported for intralesional excision only

involved curettage and cryosurgery [46]. Correspondingly,

in our meta-analysis, the rate of major complications was

fivefold greater for patients who had en bloc resection versus

those who had intralesional excision.

Regarding function, nearly all studies consistently

showed that curettage provided the best preservation of wrist

function [8, 18, 38, 46]. For example, when function data for

34 patients were pooled [8, 46] (despite the use of different

scoring systems [9, 10]), the following categories for the

curettage and resection cases could be identified: ‘‘excel-

lent’’ function was reported by 41% and 24% of patients

respectively; ‘‘good’’ function were reported for 47% in both

groups; and ‘‘fair’’ function was reported by 6% and 24% of

patients, respectively. In addition, for the curettage versus

the resection group, mean grip strength compared with the

contralateral side was 66% to 83% [18, 46] and 47% to 70%

[8, 18, 46], respectively, and the mean ROM compared with

the opposite wrist was 61% to 100% [8, 46] and 69% [8],

respectively.

To facilitate better evaluation of the two methods for

treatment of GCTs of the distal radius, a larger, multicenter

prospective cohort study is needed. The availability of these

data for future meta-analyses of individual patient data is

important.
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