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Abstract. – OBJECTIVE: Giant cell tumor of 
bone (GCTB) is a common primary bone tumor 
with latent malignant tendency. GCTB is prone 
to occur around the knee joint, and surgery is 
the major treatment method. There are relative-
ly few reports on denosumab in the treatment of 
recurrent GCTB around the knee joint and post-
operative function evaluation of patients. This 
research aimed to explore the appropriate surgi-
cal options for the treatment of recurrent GCTB 
around the knee joint. 

PATIENTS AND METHODS: 19 patients with 
recurrent GCTB around the knee joint, who were 
admitted to Hospital for 3 months following de-
nosumab treatment from January 2016 to De-
cember 2019, were included as the research 
subjects. The prognosis was compared between 
patients treated with curettage combined with 
polymethylmethacrylate (PMMA) and those with 
extensive-resection replacement of tumor pros-
thesis (RTP). A deep learning model of Incep-
tion-v3 combined with a Faster region-based 
convolutional neural network (Faster-RCNN) 
was constructed to classify and identify X-ray 
images of patients. The Musculoskeletal Tumor 
Society (MSTS) score, short form-36 (SF-36) 
score, recurrence, and the rate of complications 
were also analyzed during the follow-up period. 

RESULTS: The results showed that the Incep-
tion-v3 model trained on the low-rank sparse 
loss function was obviously the best for X-ray 
image classification, and the classification and 
identification effect of the Faster-RCNN model 
was significantly better than that of the convolu-
tional neural network (CNN), U-Net, and Fast re-
gion-based convolutional neural network (Fast-
RCNN) models. During the follow-up period, the 
MSTS score in the PMMA group was significant-
ly higher than that in the RTP group (p<0.05), 
while there was no significant difference in the 
SF-36 score, recurrence, and the rate of compli-
cations (p>0.05). 

CONCLUSIONS: The deep learning model 
could improve the classification and identifica-
tion of the lesion location in the X-ray images 
of GCTB patients. Denosumab was an effective 
adjuvant for recurrent GCTB, and widely exten-
sive-resection RTP could reduce the risk of local 
recurrence after denosumab treatment for recur-
rent GCTB.
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Introduction

Giant cell tumor of bone (GCTB) is a very 
common and active-growth primary bone tumor 
which causes strong bone erosion. It mostly oc-
curs around the knee joint, distal radius, sacrum, 
and spine. The morbidity is the highest especially 
around the knee joint1. The treatment of GCTB 
mainly depends on the surgery. The most com-
monly used surgical methods include curettage 
and bone transplantation, polymethylmethacry-
late (PMMA) bone cement, and tumor segment 
resection with artificial prosthesis replacement, 
but the postoperative recurrence can reach 40-
60%2. Since the knee joints are one of the main 
weight-bearing joints of the lower limbs, with a 
large amount of activity and complex joint func-
tions, artificial prostheses and large bone block 
transplantation cannot meet the needs of the 
strong support structure of the knee joints. There-
fore, the combination of GCTB curettage with 
PMMA bone cement has become a standard treat-
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ment option for GCTB3. However, some scholars4 
have pointed out that the PMMA bone cement 
under the articular surface will cause damage to 
the articular cartilage, leading to iatrogenic os-
teoarthritis and adverse effects on joint function.

With modern physical and chemical adjuvant 
therapies, and continuous advancement in early 
diagnosis and surgical reconstruction of bone tu-
mors, the recurrence after GCTB treatment can 
be reduced to 10-20%, and the limb salvage rate 
has gradually increased5. Lesion resection can 
be used in the treatment of local recurrence in 
patients with limb GCTB, but surgical resection 
alone would lead to serious complications6. Sur-
gery performed under the protection of denos-
umab can improve the prognosis of patients and 
reduce the recurrence rate7. Some studies8 have 
confirmed that preoperative use of denosumab 
in patients with GCTB can thicken the cortex of 
bone and subchondral bone in patients and make 
the boundary of tumors clear. Denosumab can 
also lower the number of surgeries performed in 
individual GCTB patients, thereby preserving 
joints and improving postoperative joint func-
tion9. However, wide attention has been drawn 
to whether the increase in intralesional septation 
and sclerosis caused by denosumab administra-
tion affects the difficulty of curettage surgery.

It is of great significance to monitor the recur-
rence with X-ray and other imaging methods for 
improving the function and stability of the knee 
joints in patients with GCTB after surgery10. 
X-ray has the advantages of high definition and 
high contrast for bone tissue imaging. To extract 
useful information from a large amount of im-
aging data, artificial intelligence technologies 
such as machine learning and deep learning 
have been widely applied in the mining of med-
ical imaging data11. Deep learning has achieved 
breakthroughs in target recognition, language 
recognition, computer vision, and other fields. 
Deep learning algorithms can also get excellent 
results in the classification and identification of 
X-ray images12.

To this end, a deep-learning model was construct-
ed for GBTB image classification and identification. 
The effect of curettage combined with PMMA and 
extensive-resection replacement of tumor prosthe-
sis (RTP) was also analyzed after denosumab was 
given for the treatment of recurrent GCTB around 
the knee joints. We hope this work can provide a 
reference for improving the prognosis and finding a 
safe and reliable treatment method for patients with 
recurrent GCTB around knee joints.

Patients and Methods

Research Objects and Grouping
106 GCTB patients who were treated in the cen-

ter from January 2016 to December 2019 were se-
lected as the research subjects. Inclusion criteria: (1) 
GCTB located around the knee joint. (2) Patients 
who were diagnosed with GCTB by clinical signs, 
imaging examinations, and histopathological exam-
inations. (3) Patients treated with limb salvage sur-
gery. (4) Patients with a postoperative follow-up of 
more than 12 months. Exclusion criteria: (1) Patients 
who had not complete clinical data. (2) Patients who 
were lost or died during the follow-up period. (3) 
Patients with complicated diseases such as those 
concerning the hematological system, malignant 
tumors, and infections. According to the above cri-
teria, 79 GCTB patients were retrieved, of which 3 
cases were lost to follow-up, 1 case was amputat-
ed for malignant transformation, 1 case was treated 
with knee arthrodesis, 1 had the GCTB in the fibular 
head, and 1 got the lesion in the patella. Apart from 
those above, 50 cases were without recurrence, and 
3 took no denosumab. A total of 19 patients were 
included in this research at last. The process of in-
clusion and exclusion of patients is shown in Figure 
1. This study has been approved by the Ethics Com-
mittee of the First Hospital of Handan (approval 
number: 2023-L-005).

All 19 patients were treated with six doses of 
denosumab for 3 months before surgery, having 
subcutaneous injections on days 1, 8, 15, and 29, 
followed by 120 mg in the first month. The patients 
were divided into two groups according to their sur-
gical methods. PMMA group (n=12) consisted of 5 
cases with GCTB in the distal femur and 7 cases in 
the proximal tibia. RTP group (n=7) was made up 
of 3 cases with GCTB in the distal femur and 4 cas-
es in the tibia. All the patients received special RTP 
with extensive resection.

Data Collection
The general information of the patients was col-

lected before surgery, including their age, gender, 
tumor location, and Campanacci imaging grade. 
The data collected after surgery included recur-
rence, follow-up time, Musculoskeletal Tumor 
Society (MSTS) score, and short form-36 (SF-36) 
score. The Campanacci imaging grading was as 
follows: grade I (resting lesions) was usually in 
the cancellous bone, with a clear boundary and 
a thin sclerosis zone. For the grade II (active le-
sions), thinning and swelling of the cortical bone 
could be observed, the boundary was clear, the 
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sclerosis zone was absent, and the morphology of 
an aneurysmal bone cyst was shown. For the grade 
III (invasive lesions), the lesions penetrated the 
cortical bone and entered the soft tissue, and there 
was no periosteal encapsulation. MSTS score was 
composed of 6 items, the full score of each item 
was 5, and the total score was 30. The higher the 
MSTS score, the better the lower limb function of 
the patient. For the SF-36 score, the full score of 
each item was 100; the higher the SF-36 score, the 
better the quality of life of the patient. X-ray, com-
puterized tomography, magnetic resonance imag-
ing, and other imaging techniques were applied to 
evaluate the recurrence of local GCTB in patients.

Surgical Methods for Different Groups
After general anesthesia and nerve block anesthe-

sia, the patient was placed in a supine position. The 
tourniquet was taken to wrap around the affected 
leg and thigh, and the surgery was performed under 
a pressure of 50-60 kPa to reduce bleeding.

In the RTP group, a longitudinal incision was 
made in the femoral end, from 5 cm of the upper 
edge of the femoral lesion to the plane of the knee 
joint. The cambered incision of the tibial end was at 
the upper lateral side of the tibia, as the upper end 
of the knee joint was 1 cm from the lateral clear-
ance, forward arc to the outer edge of the tibial 
crest, and the lower end was 5 cm below the lower 
edge of the tibial lesion. In the PMMA group, the 
original incision in the skin, muscle, and bone were 
removed in fusiform shape. The internal fixation 
device, bone cement, or bone filling that had been 
retained in the previous surgery were removed, 
and the field of view was further enlarged. The 
lesions were scraped one layer by one layer along 
the inner wall of the tumor. The inner wall of the 
lesions was polished with a high-speed grinding 
drill to remove the sclerosing edge, and the pulse 
flushing gun was repeatedly rinsed. The inner wall 
of the tumor shell was cauterized with an argon 
knife and soaked with distilled water for 5 min. 

Figure 1. Flow chart of inclusion and exclusion for patients included in this research. 
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The lesion was rinsed again, the cavity was filled 
with PMMA, and internal fixation was used if 
necessary. The drainage tube was indwelled after 
surgery, and the drainage volume was less than 30 
mL. 2 weeks after the surgery, functional exercise 
was conducted gradually. Weight-bearing on the 
affected limb should be avoided for 3 months.

In the RTP group, the osteotomy plane was de-
termined according to the preoperative imaging 
data, and the tumor was extensively resected 5 
cm outside the tumor response zone. The pulse 
rinse gun was used for repeated washing, and a 
special tumor prosthesis was installed. The proxi-
mal tibia prosthesis was covered with medial gas-
trocnemius muscle flap, to reconstruct the patellar 
ligament insertion. The drainage tube was also 
indwelled after surgery, with a drainage volume 
of less than 30 mL. 4 weeks after the soft tissue 
was healed, flexion and extension movement of 
the joint was started to train walking.

Image Preprocessing
Image preprocessing is one of the essential links 

in image understanding and analysis. Preprocessing 
can eliminate irrelevant information in the original 
image and enhance useful information related to 
the target; therefore, good image preprocessing can 
improve the performance of the algorithm13. Image 
preprocessing was carried out to eliminate the dif-
ferences in imaging quality among individuals, and 
the processing method is shown in Figure 2.

Downsampling 
The X-ray images of patients had the character-

istics of high resolution and high definition, which 
was helpful for doctors to observe the texture and 
other features of the lesion location. However, the 
high-resolution X-ray image would affect the pro-
cessing efficiency. Thus, the down-sampling was 
utilized to crop the original image in units of 5 
pixels, so as to obtain the down-sampled image.

Cropping of image edges 
There were interference or noise bands of 

different pixel units around the image, which 

greatly affected the processing effect of the al-
gorithm. Thus, the edge strips in the down-sam-
pled image were cropped, to obtain the edge-
cropped image.

Image flipping 
Because the bone structure of the human body 

is symmetrically distributed, radiologists often 
collect image data of the contralateral bone struc-
ture to obtain left and right bone X-ray images. 
In this research, the acquired bone X-ray imag-
es were flipped to obtain X-ray images with the 
same orientation.

Extraction of bone contours 
The background regions of the bone X-ray im-

ages were marked, and then the redundant back-
ground was eliminated. The original image was 
converted into a binary image using the Otsu 
method, then the processed image was morpho-
logically filtered. The boundary of the bone struc-
ture was obtained after the connected regions 
were marked, and the preprocessed image was 
obtained by cutting the background region.

Image Classification Under Deep 
Learning Model

The Inception-v3 network model was applied 
for the classification of preprocessed X-ray im-
ages. The basic structure of the Inception-v3 net-
work model is displayed in Figure 3.

When the Inception-v3 network model was 
applied to extract the features in the X-ray imag-
es, the input image was first defined as I, and the 
feature map was F after multi-channel process-
ing using the convolutional layer and the pooling 
layer. A linear logistic regression function with 
shared weights was added after the convolutional 
layer, and the sigmoid function was adopted in the 
output layer. Therefore, the probability of obtain-
ing the lesion location (x, y) from the feature map 
F was expressed in Equation (1).

(1)
px,y=Sigmoid (σ∙Fx,y + b)		

Figure 2. Pre-processing of an image of patients
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In Equation (1),  was the weight value in logis-
tic regression, and b was the bias.

In the process of training the Inception-v3 net-
work model, different loss functions were used to 
train model parameters, in which different pro-
cessing effects were obtained. The effects of bi-
nary cross-entropy logistic regression (LR) loss 
function, max pooling (MP) loss function, label 
assignment (LA) loss function, sparse assign 
(SA) loss function, and low rank sparse (LRS) 
loss function were compared and analyzed on the 
classification performance of Inception-v3 net-
work model.

LR loss function
The standard formulation of the LR loss func-

tion was expressed in Equation (2).
(2)
LR(Y,P(Y│X))=-logP(Y│X)

(3)

in Equation (3) was substituted into Equation 
(2) of LR, then the objective function was regu-
larized. Finally, a new objective function as Equa-
tion (4) was obtained.

(4)

MP loss function
It was assumed that the probability  of lesions 

in the target region was close to 1, then the prob-
ability of lesions in the overall image I could be 
expressed as Equation (5).

(5)

P(y=1├I,μ)=max{p1,p2,•••, pm}

(6)

In Equation (5) and Equation (6), N was the 
total number of images,  was the image label, λ 
was the control regular term for model complexi-
ty,  was the empirical estimate of  , and μ was the 
depth parameter of the network.

LA loss function
It was assumed that the labels in the image I 

were consistent with the predicted labels, and 
the rest of the labels were negative. Thereby, the 
weighted cross-entropy loss function was ex-
pressed in Equation (7).

Figure 3. The basic structure of the Inception-v3 network model.
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(7)

SA loss function
The coefficient restriction term was added to 

the MP loss function, so the SA loss function 
could be expressed as Equation (8).

(8)

In Equation (8), was the norm of Loss, and  was 
the sparse factor.

LRS loss function
The positive samples in the X-ray data set were 

sparse, and concentrated in the bone structure 
region. The mathematical expression of the LRS 
loss function could be written as Equation (9).

(9)

In Equation (9),  was the kernel norm of the 
matrix , and  was the low-rank constraint factor.

The receiver operator characteristic (ROC) 
curves were drawn under different loss functions. 
In this research, the accuracy and the area under 
the ROC curve (AUC) were selected for the evalu-
ation of the classification performance. The accu-
racy was calculated through Equation (10).

(10)

In Equation (10), TP represented the number of 
true positive samples, TN represented the number 
of true negative samples, FP was the number of 
false positive samples, and FN was the number of 
false negative samples.

When drawing a ROC curve, the horizontal 
and vertical axes represented the false positive 
rate (FPR) and the true positive rate (TPR), re-
spectively. Thus, the AUC was described as Equa-
tion (11), and the FPR and TPR were expressed as 
Equation (12). 

(11)

AUC = ∫10 ROCdr 

(12)

{TPR = TP/(TP+FP)
  FPR = FP/(FP+TN)

Target Region Detection under Deep 
Learning Model

With the Faster-RCNN model, the target re-
gions in X-ray images were detected. The basic 
steps of the Faster-RCNN model for target detec-
tion were as follows: (1) the image to be detected 
was input into the convolutional neural network 
(CNN) model. (2) The proposed region was gen-
erated through the region proposal network, and 
an appropriate amount of proposal windows were 
reserved. (3) The proposal windows were mapped 
to the feature map of the last convolutional layer 
of CNN, and the region of interest (ROI) pool-
ing operation was utilized to obtain feature maps 
of different sizes. (4) The Softmax classifier was 
applied for image classification, and the linear re-
gression model was adopted for edge prediction 
(Figure 4).

The region proposal network and the Fast-
RCNN model were adopted alternately for the 
training of the Faster-RCNN model. The math-
ematical expressions of the loss functions in the 
region proposal network and Fast-RCNN model 
were Equation (13) and Equation (14), respectively.

(13)

(14)

In Equation (13) and Equation (14), i represented 
the index of the selected box,  was the judged log 
loss of the subject,  was the regression loss,  was 
the number of checked boxes, and  was the number 
of positions of checked boxes.  was the predicted 
probability of the index i belonging to a certain cat-
egory,  was the coordinate of the predicted frame, 
and α was the loss balance constant of 10.

Afterward, indicators of the recall rate, the 
classification precision, and the mean average 
precision (MAP) were chosen to evaluate the per-
formance of target region segmentation.

Statistical Analysis
SPSS 19.0 statistical software (IBM Corp., 

Armonk, NY, USA) was applied for statistical 
processing and analysis of the result data. Mea-
surement data were expressed as mean±standard 
deviation , and statistical analysis was performed 
using the least significant difference t-test. Enu-
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meration data were expressed by frequency (per-
centage), as Fisher’s exact test was used for the 
statistical analysis. When p<0.05, the difference 
between groups was considered to be statistically 
significant.

Results

Classification Test for Training the Deep 
Learning Model with Different Loss 
Functions

The effects of LR, MP, LA, SA, and LRS loss 
functions were compared on the classification per-
formance of the Inception-v3 network model. The 
ROC curves of the Inception-v3 network model 
for X-ray image classification were presented in 
Figure 5 under different loss functions. It was 
found that the AUC of the original Inception-v3 
network model was the smallest, while that after 
training with LRS loss function was the largest.

As could be discovered from Figure 6, the clas-
sification accuracy of the original model as well as 
the LR, MP, LA, SA, and LRS loss functions after 
training was 73.5%, 78.4%, 80.6%, 85.5%, 88.9%, 
and 90.7%, respectively. The AUC was 77.3%, 
81.6%, 83.3%, 84.9%, 87.1%, and 89.6% respec-
tively. The efficiency of the Inception-v3 network 
model trained under the LRS loss function was the 

best for X-ray image classification, so the LRS loss 
function was selected for the training of the Incep-
tion-v3 network model in this research.

X-Ray Image Segmentation under 
Faster-RCNN Model

The CNN, U-Net, Fast-RCNN, and Fast-
er-RCNN models were compared in the effect of 
the identification of lesion regions in X-ray im-
ages, and the results are shown in Figure 7. All 
the models could recognize the lesion region in 
the X-ray image, but some models would identify 
the normal region as the lesion region. The iden-
tification performances of different models were 
quantitatively compared. It was found that the 
recall rate of the CNN, U-Net, Fast-RCNN, and 
Faster-RCNN models was 74.2%, 75.3%, 84.4%, 
and 89.7%, respectively for identifying the lesion 
region. The precision was 70.2%, 74.5%, 80.6%, 
and 87.3%, respectively; and the MAP was 0.614, 
0.655, 0.754, and 0.802, respectively. Therefore, 
the Faster-RCNN model in this work showed the 
best efficiency for the identification of lesion re-
gions in X-ray images.

Comparison of General Data of 
Patients with GCTB

The general data of included patients were 
compared between the PMMA group and the 

Figure 4. The basic structure of the Faster-RCNN model.
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RTP group, and the results are shown in Table I. 
There was no significant difference in the mean 
age, postoperative follow-up time, lesion loca-
tion, and Campanacci grade between the PMMA 
group and the RTP group (p>0.05). The propor-
tion of women in the RTP group was higher than 
that in the PMMA group obviously (p<0.05). 

Prognosis of GCTB Patients with 
Different Treatment Methods

The local recurrence, MSTS score, and SF-36 
score between the two groups were compared af-
ter follow-up, and the results are shown in Fig-
ure 8. The total recurrence of the two groups was 
15.79% (3/19). There were 3 cases suffering from 
local recurrence in the PMMA group (1 case in 
the distal femur and 2 cases in the proximal tibia), 
and the recurrence was 25%. No one had a postop-

erative recurrence in the RTP group, and the dif-
ference in the postoperative local recurrence was 
not significant between the two groups (p>0.05). 
The MSTS score of the patients 3 months after the 
surgery was 27.08±0.90 of the PMMA group, and 
that of the RTP group was 24.14±1.22. The MSTS 
score of the PMMA group was higher than that of 
the RTP group, with a statistically significant dif-
ference (p<0.05). The postoperative SF-36 score 
of the PMMA group was 78.00±9.95, while that 
of the RTP group was 79.00±8.66. There was no 
significant difference in the long-term quality of 
life between the two groups (p>0.05).

The incidence of postoperative complications 
was also compared between the PMMA group 
and the RTP group, and the results are displayed 
in Figure 9. In the PMMA group, 1 case got a re-
jection reaction after surgery, and the symptoms 

Figure 5. ROC curves of Inception-v3 network 
model under different loss functions.

Table I. Comparison of general data of patients in PMMA and RTP groups.

General information	 PMMA group	 RTP group	 p-value

Mean age (years old)	 35.57±7.33	 34.53±5.03	 0.716
Gender, n (%)			 
Female	 8 (66.7%)	 5 (71.4%)	
Male	 4 (33.3%)	 2 (28.6%)	 0.000
Follow-up time (months)	 13.67±4.54	 12.43±4.65	 0.577
Lesion location, n (%)			 
Distal femur	 5 (41.7%)	 3 (42.9%)	
Proximal tibia	 7 (58.3%)	 4 (57.1%)	 1.000
Campanacci grade, n (%)			 
Grade I	 2 (16.7%)	 0	
Grade II	 7 (58.3%)	 4 (57.1%)	
Grade III	 3 (25.0%)	 3 (42.9%)	 0.446
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were relieved after the internal fixation was re-
moved. 1 case had refracture, but the fracture 
healed after plaster immobilization. 2 cases had 
an infection of skin incision, and they were even-
tually recovered after standardized antibacterial 

treatment. In the RTP group, 1 case got deep vein 
thrombosis in the affected limb after surgery and 
then recovered well after thrombolysis. The rest 
of the patients in the RTP group did not have pros-
thesis loosening, dislocation, and other related 

Figure 6. Comparison of the classification efficiency of the Inception-v3 network model under different loss functions. A, The 
classification accuracy. B, The AUC of the classification.

Figure 7. Comparison of identification effects of different deep learning models. A, Recall rate. B, Precision. C, MAP indi-
cator.
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complications. However, no significant difference 
was found in the incidence of postoperative com-
plications between the two groups after compar-
ison (p>0.05).

X-Ray Image Evaluation of Postoperative 
Rehabilitation Effect in GCTB Patients

2 typical cases were selected out of the 19 pa-
tients for X-ray image evaluation of postoperative 
rehabilitation effect. The results are presented in 
Figure 10 and Figure 11. Typical case 1, a 33-year-
old female patient, was diagnosed with recurrence 
6 months after the surgery of the left proximal tib-

ia. Then, she received denosumab for 3 months. 
The calcification around the lesion was found in 
the re-examination with clear boundaries, and the 
internal density of the lesion increased. After spe-
cial RTP therapy and a 17-month follow-up, the 
patient had no tumor recurrence around the knee 
joint (Figure 10).

Typical case 2 was a 37-year-old female pa-
tient, and she was also diagnosed with recurrence 
8 months after surgery of the right distal femur. 
After denosumab was given for 3 months, the 
re-examination revealed calcification of the lesion, 
and no obvious expansion of bone destruction was 

Figure 8. Comparison of postoperative recurrence, MSTS score, and quality of life of patients with GCTB. A, Mean MSTS 
score 3 months after surgery. B, Local recurrence after surgery. C, Postoperative SF-36 score. *indicated that the difference 
between groups was of statistical significance (p<0.05).

Figure 9. Comparison of postoperative complications in GCTB patients.
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observed. The internal fixation device and bone 
cement retained by the previous surgery were re-
moved, the field of view was further expanded, 
and the lesion spot was treated. PMMA internal 
fixation was performed again. With a 12-month 
follow-up postoperatively, it was found that no tu-
mor recurred around the affected knee joint in this 
patient, as the process is displayed in Figure 11.

Discussion

Osteolytic destruction caused by GCTB is due 
to an imbalance between local osteogenesis and 
osteoclasts, and osteoclasts play an important role 
in this process14. GCTB is a more aggressive be-
nign bone tumor that is not sensitive to radiother-
apy and chemotherapy and is prone to recurrence 
after surgical treatment15. It has been confirmed 
that GCTB generally recurs 2 to 3 years after sur-
gery, and the recurrence of the recurrent cases is 
3.5 times that of the initial cases16. The denosumab 
adjuvant was beneficial in patients with recurrent 
and unresectable GCTB and was able to de-esca-
late the surgical plan in some patients with feasi-
ble surgical resection17. To this end, the effect was 
analyzed between the denosumab-assisted PMMA 

bone cement treatment and RTP therapy in the 
treatment of recurrent GCTB around the knee 
joint. The results suggested that there was no sig-
nificant difference in the postoperative recurrence 
between the two groups after treatment, and the 
recurrence did not increase obviously. In the re-ex-
amination with imaging techniques such as X-ray, 
it was found that the tumor volume and the osteo-
lytic range of GCTB patients decreased, while the 
density of the lesions gradually increased after the 
application of denosumab. There was also a con-
spicuous sclerosis zone around the tumor. These 
proved that denosumab could inhibit osteogenesis 
and eliminate the number of giant cells but cannot 
eliminate tumor stromal cells completely18. 

In this research, the Inception-v3 model was 
first used to classify the X-ray images of GCTB 
patients, and it was found that the Inception-v3 
model had the best classification effect after train-
ing with the LRS loss function19. Secondly, the 
Faster-RCNN model was constructed to identify 
target regions in X-ray images of GCTB patients. 
The classification and identification effect of the 
Faster-RCNN model was remarkably better than 
that of CNN20, U-Net21 and Fast-RCNN22 models. 
The results could provide a basis for the promo-
tion and application of deep learning in medical 

Figure 10. A, The X-ray image after the primary surgery. B-C, Tumor recurrence 6 months after the primary surgery. D, 
Perifocal calcification occurred 3 months after denosumab treatment. E-F, The X-ray images after the second surgery. G-H, 
No recurrence 17 months after joint replacement.
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science and could improve the clinical diagno-
sis of diseases. Some studies23,24 have shown that 
PMMA bone cement can reduce the possibility of 
local recurrence after curettage in GCTB patients. 
This research proved that the probability of postop-
erative local recurrence in patients using PMMA 
was higher than that in RTP patients. This may be 
because a new sclerotic shell was formed around 
the lesion after denosumab application, and tumor 
cells were distributed in the sclerotic bone, which 
increased the difficulty of curettage surgery25,26. 
Denosumab can cause soft tissue fibrosis and adhe-
sions around the tumor and also increases the dif-
ficulty of intracapsular curettage27. Subsequently, 
the MSTS scores of patients after different surgical 
treatments were compared in this work, and that 
of patients in the PMMA group was significantly 
higher than that in the RTP group. This was per-
haps due to the simultaneous removal of normal 
bone and soft tissues (like muscles and ligaments) 
around the patient’s knee joint when treated with 
extensive-resection RTP28,29. Some studies30 have 
also confirmed that PMMA would cause ther-
mal damage, and the surgical method of scraping 
PMMA bone cement filling could damage the 
subarticular cartilage, leading to the incidence of 
long-term osteoarthritis. In this research, only 1 

patient with PMMA had a postoperative infection, 
so there was no statistical significance compared 
with the RTP group.

Conclusions

Denosumab was an effective adjuvant therapy 
for recurrent GCTB around the knee joint, but 
extensive-resection RTP was recommended to 
reduce the risk of local recurrence after denosum-
ab treatment. Although the lower limb function 
of patients after this treatment method was not 
as good as that of the PMMA bone cement treat-
ment, it met the needs of the patients’ basic daily 
activities. However, the number of samples in-
cluded was few, and all surgeries were performed 
by the same group of physicians, so the findings 
could not be replicated. For the different shapes 
and sizes of individual tumors and their adjacent 
relationship with important nerves and blood ves-
sels, multi-center large-sample research is need-
ed to explore further and verify the effectiveness 
of this method. In conclusion, the results of this 
research could offer a reference for the selection 
of treatment methods for patients with recurrent 
GCTB around the knee joint.

Figure 11. A-B, Tumor recurrence 6 months after the first surgery. C-D, Perifocal calcification occurred 3 months after deno-
sumab treatment. E-F, X-ray images after the second surgery. G-H, No recurrence within 12 months after the second surgery.
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