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Abstract 

This study is done to evaluate outcomes of 18 patients who underwent curettage, use of phenol, and 

reconstruction using the sandwich technique for Giant Cell Tumour (GCT) with pathological fracture of 

the bone around the knee. 12 men and 6 women aged 19 to 46 (mean-30.7 years ) years underwent 

intralesional curettage, use of phenol, and reconstruction using the sandwich technique for GCT 

augmented with locking plates of the proximal tibia (n=6 ) or distal femur (n=12). 10 and 8 tumours 

were classified as grade II, and grade III, respectively. Patients underwent intralesional curettage, use of 

phenol, and reconstruction with allograft, gel foam, and cement (the sandwich technique) Pathological 

fractures were fixed with plates. Functional outcome was evaluated using the Musculoskeletal Tumor 

Society (MSTS) score: The follow-up period was 2 years. The mean MSTS score was 28 out of 30 

(standard deviation, 3; range, 16-30). One patient with a grade III tumour in the proximal tibia had a 

recurrence detected elsewhere after 1 year. Her MSTS score at 2 years was 26. No patient had a 

malignant transformation. Intralesional curettage, use of phenol, and reconstruction with allograft, gel 

foam, and cement (the sandwich technique) for GCT of bone achieved good functional outcomes and a 

low recurrence rate. 
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INTRODUCTION 

Giant Cell Tumour (GCT) of bone is one of the most 

common benign bone tumours occurring around the knee 

in those aged 20 to 40 years. It is locally aggressive and 

prone to recurrence and malignant transformation. 

Treatment by curettage alone has a high risk of 

recurrence. Use of adjuvants (phenol, cement, 

cryosurgery, or a combination of these) is recommended, 

followed by reconstruction with autograft, allograft, 

cement, and/or hydroxyapatite. In our hospital, the 

treatment of GCT of bone has been intralesional curettage 

followed by the use of phenol and reconstruction using 

the sandwich technique, in which the allograft in the 

subchondral region is overlaid with a layer of gel foam, 

and the rest of the cavity is filled with cement. This study 

evaluated the outcome of 18 patients who underwent 

curettage, use of phenol, and reconstruction using the 

sandwich technique for GCT of bone around the knee 

augmented with a locking plate for a pathological 

fracture. 

 

MATERIAL AND METHODS 

Between January 2019 and June 2021, 12 men and 6 men 

aged 19 to 46 years underwent intralesional curettage, use 

of phenol, and reconstruction using the sandwich 

technique for GCT of the proximal tibia (n=6) or distal 

femur (n=12). Two of the cases were recurrences (Table 

1).  

According to the Campanacci grading system, tumours 

were classified 8 were grade II (with a relatively well-

defined margin but no radiopaque rim, and the thinned 

and moderately expanded cortex), and 10 were grade III 

(with indistinct borders with cortical destruction). All the 

tumours were associated with an extra-articular 

pathological fracture of the femur (n=12) or tibia (n=6) 

(Tables 2 and 3).  

Through a large cortical window, the tumours were 

curetted until the normal-appearing bone was seen. The 

cavity was then enlarged in all directions using a high-

speed burr, with care to avoid contamination of the 

surrounding soft tissues. The cavity was cleaned with 

pulsatile lavage of 5% phenol, and phenol-soaked gauze 

was placed inside the cavity for 2 minutes. Care was 

taken not to spill the phenol to the surrounding tissues. 

Phenol was not used in cases with pathological fractures. 

Structural allografts of 3 mm to 5 mm thickness were 

packed adjacent to the subarticular surface as a 5 mm to 8 

mm thick layer. A layer of gel foam was laid over the 

allograft, and the remaining cavity was packed with 

cement, and locking plates were used for augmentation. 

Postoperatively, non-weight-bearing crutch walking was 

started immediately. After 12 weeks, weight-bearing was 

allowed as tolerated. After 16 weeks-patients can carry 

out their daily activities and walking full weight-bearing. 

Intravenous zoledronate (4 mg) once monthly was given 

for 6 months, along with oral supplementation of vitamin 

D3 (800 IU) and calcium (12 g) once daily for 6 months. 

Functional outcomes were evaluated using the 

Musculoskeletal Tumor Society (MSTS) score, 5 which 

involves 6 parameters (pain, function, and emotional 

acceptance, use of walking aids, walking ability, and 

gait). Scores for each parameter range from 0 to 5; higher 

scores indicate better outcomes. 

Recurrence was defined as progressive lysis of >5 mm at 

the bone-cement interface or absence of the sclerotic rim 

at the bone-cement interface 

 

RESULTS 

The mean follow-up period was 2 years. 

 Pre- and post-operative radiographs showing a giant cell 

tumor of the distal femur treated with curettage, use of 

phenol, and reconstruction with allograft, gel foam, 

cement (the sandwich technique) and augmented with 

locking plates (Figures 1-5). 

At the one-year follow-up, the integrity of the 

subchondral bone is restored (Figure 6). 

The mean MSTS score was 27.7 out of 30 (standard 

deviation, 3; range, 1630). After 16 weeks -the patient is 

carrying out his daily activities and walking full weight-

bearing (Figure 7).  

One patient with a grade III tumour in the proximal tibia 

had a recurrence detected after 15 months, her MSTS 

score at 2 years was 26. No patient had malignant 

transformation recurrence in our case series.  
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DISCUSSION  

Treatment for GCTs around the knee includes curettage 

alone, curettage with adjuvant therapy (liquid nitrogen, 

hydrogen peroxide, phenol, argon laser photocoagulation, 

bone cement, or bone graft), and marginal/wide resection, 

followed by reconstruction, arthrodesis, or mega-

prosthetic joint replacement. Intralesional curettage alone 

has a high recurrence rate of 60%, 6 whereas 

marginal/wide resection is associated with functional 

disability. Preservation of joint function is an advantage 

of intralesional curettage compared to wide resection. In 

our study, intralesional curettage and reconstruction with 

the sandwich technique achieved a low recurrence rate 

(5.5%) and good functional outcome (92.3%). 

To ensure thorough curettage, adequate exposure through 

a wide cortical window is necessary, followed by 

breaking the bony ridges in the tumor using a high-power 

burr. The use of 5% phenol decreases recurrence, as 

phenol causes protein coagulation and necrosis and 

damages DNA. Structural allograft is laid in the 

subchondral region and overlaid with a layer of gel foam, 

and the rest of the cavity is filled with 

polymethylmethacrylate bone cement and augmented 

with locking plates. The heating effect of cement destroys 

remaining tumour cells. The bone graft in the subchondral 

region helps maintain joint function and prevents articular 

degeneration. 

Care must be taken to prevent inadvertent cortical breach 

or removal of the posterior fibroperiosteal pseudo capsule 

during curettage. The posterior periosteum acts as a 

biological barrier, preventing the escape of bone graft or 

cement-filled in the cavity. The risk of neurovascular 

injury by phenol increases if the posterior periosteum is 

deficient. The intact posterior periosteum is crucial for the 

reconstitution of the posterior cortex, especially after 

bone grafting. The small crevices within this layer, 

potentially containing tumour cells, were treated with 5% 

phenol for 10 minutes. 

The cavity can be reconstructed with allograft, bone 

cement, or calcium phosphate. The advantage of an 

allograft is that if it is successfully incorporated, the 

reconstruction is permanent, but its disadvantages include 

difficulty in detecting recurrence and the requirement of a 

bone bank. The benefits of bone cement include 

immediate weight-bearing and its cytotoxic and thermal 

effects to minimize the risk of recurrence, but it is 

associated with degeneration of articular cartilage in the 

subchondral region of the weight-bearing area. Applying 

a layer of bone graft and gel foam not only protects the 

underlying articular cartilage from the thermal effect of 

the curing cement but also supports the weakened 

subchondral area. Conventionally, grade III lesions are 

treated with wide resection to prevent local recurrence. 

The recurrence rates for grade III lesions after 

intralesional curettage are reported to range from 4.5% to 

52%. In our study, only one (5.5 %%) of the 18 patients 

with grade III GCT of bone had a recurrence. Thus, the 

sandwich technique appears to be a viable alternative to 

wide resection. 

The use of intravenous zoledronate as an adjuvant 

specifically targets the osteoclasts and the GCT cells. 

Bisphosphonate treatment reduces tumour size and 

recurrence rate in GCT of bone. Bisphosphonates bind to 

bone and inhibit bone resorption by osteoclasts. 

Multinucleated giant cells in GCT of bone and osteoclasts 

are similar, as they both resorb bone and express markers 

such as tartrate-resistant acid phosphatase and cathepsin 

K.  Bisphosphonates not only induce apoptosis of 

osteoclasts and neoplastic stromal cells but also possess a 

direct anti-tumor and anti-angiogenesis activity. 

Bisphosphonates do not have any adverse effect on 

osteoblasts or reparative mechanisms of bone. 

 

CONCLUSION 

Intralesional curettage, use of phenol, and reconstruction 

with allograft, gel foam, and cement (the sandwich 

technique) for GCT of bone achieved good functional 

outcomes and a low recurrence rate. 

 

Source of funding 

None  

 

Disclosure  

No conflicts of interest were declared by the authors 





THE JOURNAL OF ORTHOPAEDICS TRAUMA SURGERY 

AND RELATED RESEARCH 

 

SAIKISHAN SIRASALA, ANTESHWAR BIRAJDAR, SUBRAMANYA RAO SIRASALA,  PURVAM JIVRAJANI 

 

 
 

References: 

 

1. Eckardt J.J., Grogan T.J.: Giant cell tumor of bone. Clin Orthop 

Relat Res 1986;204:45-58. 

2. Knochentumoren A.: Local recurrence of giant cell tumor of 

bone after intralesional treatment with and without adjuvant 

therapy. J Bone Joint Surg. 2008;90:1060-1067. 

3. Campanacci M., Baldini N., Boriani S., et al.: Giant-cell tumor 

of bone. J Bone Joint Surg Am. 1987;69:106-114. 

4. Campanacci M., Capanna R., Fabbri N., et al.: Curettage of 

giant cell tumor of bone. Reconstruction with subchondral 

grafts and cement. Chir Organi Mov. 1990;75:212-213. 

5. Pettersson H., Rydholm A., Persson B.: Early radiologic 

detection of local recurrence after curettage and acrylic 

cementation of giant cell tumours. Eur  J Radiol. 1986;6:1-4. 

6. Carrasco C.H., Murray J.A.: Giant cell tumors. Orthop Clin 

North Am 1989;20:395405. 

7. Dürr H.R., Maier M., Jansson V., et al.: Phenol as an adjuvant 

for local control in the treatment ofgiant cell tumour of the 

bone. Eur J Surg Oncol. 1999;25:610-618. 

8. Lack W., Lang S., Brand G.: Necrotizing effect of phenol on 

normal tissues and on tumors: a study on postoperative and 

cadaver specimens. Acta Orthop Scand. 1994;65:351-354. 

9. Ward Sr W.G., Li III G.: Customized treatment algorithm for 

giant cell tumor of bone: report of a series. Clin Orthop Relat 

Res. 2002;397:259-70.. 

10. Chen T.H., Su Y.P., Chen W.M.: Giant cell tumors of the knee: 

subchondral bone integrity affects the outcome. Int Orthop. 

2005;29:304. 

11. Pan K.L., Chan W.H.: Curettage and cementation in giant cell 

tumour of the distal tibia using polypropylene mesh for 

containment: a case report. Malays Orthop J. 2010;4:513. 

12. Turcotte R.E., Wunder J.S., Isler M.H., et al. Giant cell tumor of 

long bone: a Canadian Sarcoma Group study. Clin Orthop 

Relat Res. 2002;397:248-258. 

13. Rooney R.J., Asirvatham R., Lifeso R.M., et al.: Giant cell 

tumour of bone. A surgical approach to grade III tumours. Int 

Orthop. 1993;17:87-92. 

14. Lackman R.D., Hosalkar H.S., Ogilive C.M., et al.: Intralesional 

curettage for grades II and III giant cell tumors of bone. Clin 

Orthop Relat Res. 2005;438:123-127. 

15. McDonald D.J., Sim F.H., McLeod R.A., et al.: Giant-cell tumor 

of bone. J Bone Joint Surg Am. 1986;68:235-242. 

16. Yip K.M., Leung P.C., Kumta S.M.: Giant cell tumor of bone. 

Clin Orthop Relat Res. 1996;323:604. 

17. Capanna R., Fabbri N., Bettelli G.:  Curettage of giant cell 

tumor of bone. The effect of surgical technique and adjuvants on 

local recurrence rate. Chir Organi Mov. 1990;75:206. 

18. Zhen W., Yaotian H., Songjian L., et al.: Giant-cell tumour of 

bone. The long-term results of treatment by curettage and bone 

graft. J Bone Joint Surg Br. 2004;86:2126. 

19. Tse L.F., Wong K.C., Kumta S.M., et al.: Bisphosphonates reduce 

local recurrence in extremity giant cell tumor of bone: a case-

control study. Bone. 2008;42:68-73. 

20. Chang S.S., Suratwala S.J., Jung K.M., et al. Bisphosphonates 

may reduce recurrence in giant by inducing apoptosis. Clin 

Orthop Relat Res. 2004;426:103-109. 

21. Arpornchayanon O., Leerapun T.: Effectiveness of intravenous 

bisphosphonate in treatment of giant cell tumor: a case report 

and review of the literature. J Med Assoc Thai. 2008;91:1609-

1612. 

22. Balke M., Campanacci L., Gebert C., et al. Bisphosphonate 

treatment of aggressive primary, recurrent and metastatic giant 

cell tumour of bone. BMC Cancer 2010;10:462. 

23. Green J.R.: Antitumor effects of bisphosphonates. Cancer 

2003;97:840-847. 

24. Rogers M.J., Gordon S., Benford H.L., et al.: Cellular and 

molecular mechanisms of action of bisphosphonates. Cancer 

2000;88:2961-2978. 

25. Grano M., Colucci S., Portoghese A., et al. Functional and 

biochemical characterization of osteoclast-like cells derived from 

giant cell tumours of bone. Boll Soc Ital Biol Sper 1992;68:249-

253. 

26. Sabokbar A., Kudo O., Athanasou N.A.: Two distinct cellular 

mechanisms of osteoclast formation and bone resorption in 

periprosthetic osteolysis. J Orthop Res. 2003;21:73-80. 

27. Teitelbaum S.L.: Bone resorption by osteoclasts. Science 

2000;289:1504-1508. 

28. Neville-Webbe H.L., Holen I., Coleman R.E.: The anti-tumour 

activity of bisphosphonates. Cancer Treat Rev. 2002;28:305-319. 

29. Madsen J.E., Berg-larsen T., Kirkeby O.J., et al.: No adverse 

effects of clodronate on fracture healing in rats. Acta Orthop 

Scand. 1998;69:532-536. 

https://doi.org/10.2106/JBJS.D.02771
https://doi.org/10.2106/JBJS.D.02771
https://doi.org/10.2106/JBJS.D.02771
https://doi.org/10.1053/ejso.1999.0716
https://doi.org/10.1053/ejso.1999.0716
https://doi.org/10.1053/ejso.1999.0716
https://doi.org/10.3109/17453679408995470
https://doi.org/10.3109/17453679408995470
https://doi.org/10.3109/17453679408995470
https://doi.org/10.1007/s00264-004-0613-7
https://doi.org/10.1007/s00264-004-0613-7
https://doi.org/10.1007/s00264-004-0613-7
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.682.537&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.682.537&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.682.537&rep=rep1&type=pdf
https://doi.org/10.1007/BF00183548
https://doi.org/10.1007/BF00183548
https://doi.org/10.1007/BF00183548
https://doi.org/10.1302/0301-620X.86B2.14362
https://doi.org/10.1302/0301-620X.86B2.14362
https://doi.org/10.1302/0301-620X.86B2.14362
https://doi.org/10.1016/j.bone.2007.08.038
https://doi.org/10.1016/j.bone.2007.08.038
https://doi.org/10.1016/j.bone.2007.08.038
https://www.thaiscience.info/Journals/Article/JMAT/10402658.pdf
https://www.thaiscience.info/Journals/Article/JMAT/10402658.pdf
https://www.thaiscience.info/Journals/Article/JMAT/10402658.pdf
https://www.thaiscience.info/Journals/Article/JMAT/10402658.pdf
https://doi.org/10.1186/1471-2407-10-462
https://doi.org/10.1186/1471-2407-10-462
https://doi.org/10.1186/1471-2407-10-462
https://doi.org/10.1002/cncr.11128
https://doi.org/10.1002/cncr.11128
https://doi.org/10.1002/1097-0142(20000615)88:12+%3C2961::AID-CNCR12%3E3.0.CO;2-L
https://doi.org/10.1002/1097-0142(20000615)88:12+%3C2961::AID-CNCR12%3E3.0.CO;2-L
https://doi.org/10.1002/1097-0142(20000615)88:12+%3C2961::AID-CNCR12%3E3.0.CO;2-L
https://doi.org/10.1016/S0736-0266(02)00106-7
https://doi.org/10.1016/S0736-0266(02)00106-7
https://doi.org/10.1016/S0736-0266(02)00106-7
https://doi.org/10.1126/science.289.5484.1504
https://doi.org/10.1126/science.289.5484.1504
https://doi.org/10.1016/S0305-7372(02)00095-6
https://doi.org/10.1016/S0305-7372(02)00095-6
https://doi.org/10.3109/17453679808997793
https://doi.org/10.3109/17453679808997793
https://doi.org/10.3109/17453679808997793

