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Abstract
Background: Pathological fracture of the distal femur giant cell tumor (GCT) occasionally leads to
articular surface defect. The conventional endoprosthesis replacement needs to remove the both
condyles, and then the patients probably face lower prosthesis survival rate and multiple joint
replacement, especially in young patients. The aims of this study were to evaluate the feasibility of 3D-
printed custom-made prosthesis in repairing the articular surface defect at a short-term follow-up.

Methods: We retrospectively reviewed fourteen patients admitted and treated from January 2012 to
January 2018 with mean age of 43.9 years (range 29 to 69 years). Diagnoses were primary pathological
fracture of distal femur giant cell tumor (GCT) which articular surface of one condyle is defect. 10 lesions
were located in medial femoral condyle and 16 in Lateral femoral condyle. Twelve patients were treated
with three-dimension-printed custom-made prosthesis to repaired of articular surface defect (3D-printed
group), and the other Fourteen patients were treated with endoprosthesis replacement (EPR group).
Operation time, blood loss was compared between the groups. Functional results were assessed with
MSTS score. The range of motion (ROM), local recurrences and complications were statistically
compared.

Results: Mean Follow-up is 33.5 months (range 26 to 43 months). In the 3D-printed group, operation time
and blood loss were signi�cantly less (p < 0.05). Differences in functional outcomes of the MSTS were
observed between the two groups from three-month follow-up (p < 0.05) to twenty-four-month follow-up
(p < 0.05), and the score were higher in the 3D-printed group than the EPR group. The ROM of the 3D-
printed group was statistically better than the EPR group at 6 and 9 months after operation (p < 0.05).
Local recurrence and complication rates were similar in the two groups (p = 1).

Conclusion: 3D-printed custom-made prosthesis represent a promising reconstructive technique in
articular surface defect caused by pathological fracture of GCT of distal femur. It could be able to achieve
satisfactory oncological and better short-term functional results compared with endoprosthesis
replacement. Further studies are needed to evaluate the stability of the implants and the wear of the
articular surface with larger samples at long-term.

Background
Giant cell tumor (GCT) of bone accounts for approximately 5% of all primary bone tumors[1]. The rate of
pathological fracture at presentation in these patients is 4% to 50%[2], with 12% of the fracture located at
the distal end of the femur[2]. Pathological fracture of distal femur giant cell tumor (GCT) frequently
leads to joint surface defect, which is challenging to be repaired. Due to the eccentric growth of GCT[3],
such joint destruction is often con�ned in one condyle, but conventional methods needs to remove the
both condyles together followed endoprosthesis replacement which will face lower prosthesis survival
rate and multiple joint replacement[4-6], especially in relatively young patients. So, considering these
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lesions destroy a part of the articular surface, it makes sense to discuss partial repair of the articular
surface.

In recent decades, with the development of technology, 3D-printing technology was reported that had
enhanced the accuracy and individuation of orthopedic surgeries[7-9]. The use of 3D-printing technology
in orthopedic surgery allows greater freedom of prosthetic design and the fabrication of more complex
shapes[10], so it is the possibility to reconstruct defects in musculoskeletal oncology with personalized
custom-made prostheses[11] . This technology can not only increase the accuracy of the reconstruction,
but also reduce the rate of post-operative complications and potentially improving stability[12]. So, it is
the possibility to reconstruct defects in musculoskeletal oncology with personalized custom-made
prostheses.

At present, as far as we know, there is no report of using 3D printing technology to repair the articular
surface defect caused by pathological fracture and comparative analysis with traditional endoprosthesis
replacement. We performed a retrospective study. The aims of this study were to evaluate (1) the
feasibility of 3D-printed custom-made prosthesis in repairing the articular surface defect caused by
pathological fracture of GCT of distal femur and (2) the functional results, complications, and outcomes
at short-term follow-up.

Methods
Patients

The inclusion criteria of operation were: (1) giant cell tumor of distal femur according to histological
evidence; (2) defect of distal articular surface of one side of femoral condyle caused by pathological
fracture; (3) the follow-up time is more than 24 months and the follow-up data are complete. The
exclusion criteria were (1) non-surgical treatment, (2) combined with cruciate ligament, meniscus,
collateral ligament injury or serious joint degeneration, (3) bilateral condylar lesions or multiple articular
surface defects, (4) preoperative treatment with denosumab. We retrospectively analyzed our database
and identi�ed 26 patients with articular surface defect caused by pathological fracture of GCT of distal
femur treated from January 2012 to January 2018.

Data for age, sex, lesion site, Campanacci classi�cation [13], operation time, blood loss, the
Musculoskeletal Tumor Society (MSTS) scores[14], local recurrences and complications were collected
(Table 1). In total, 12 patients were treated with three-dimension-printed custom-made prostheses ( 3D-
printed group) (7 males, 5 females; mean age, 42.2 years, range 29-69 years), and 14 patients were
treated with endoprosthesis replacement ( EPR group) (9 males, 5 females; mean age, 45.4 years, range
34-68 years). All surgeries were performed by the same medical team. This study was approved by the by
the Ethics Committee of Qilu Hospital of Shandong University Medical Ethics Committee. All patients
gave written informed consent to be included in scienti�c studies at the admission to the hospital.

The design and manufacturing of the 3D-printed custom-made prosthesis
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All the patients were evaluated on preoperative imaging such as Fig. 1(a-d). Not only pre-operative plain
radiography and magnetic resonance imaging (MRI) of the distal femur eroded by tumor were evaluated,
but also the both distal femurs of the affected side and the healthy side were scanned with computerized
tomography (CT, 1mm slice intervals). Then, the DICOM format data of CT were transferred to Mimics
Medical 21.0 software (Materialise, Ann Arbor, MI). Masks of the both distal femurs were established
using the Region Growing command. The 3D models of the both distal femurs were then obtained using
the Calculate Part command. The 3D models of the affected side distal femurs before eroded by tumor
were established using the mirror command from healthy side. Then, Boolean logic was used to model
the defect articular surface from the models before and after pathological fracture. Geomagic studio 12
(Geomagic, Morrisville, NC) was used to help transform the defect articular surface model into a solid
model which can be edited by Siemens NX 12.0 software (Siemens PLM Software, Plano, TX). Siemens
NX 12.0 software was used to make the defect articular surface 0.5mm lower than the normal knee
articular surface which is measured according to the MRI. In order to increase the stability of the defect
articular surface, screws that pass through the defect articular surface of the prosthesis and an extra
plate for �xation of the prosthesis were designed together with engineers using Siemens NX 12.0
software. (Fig. 2). A model of the lesion can be printed used to help understand the condition in more
detail before surgery (Fig. 3a-b). Then, the �nal prosthesis was printed with the electron beam melting
(EBM) technology of titanium powder, and the articular surface was highly polished (Fig. 3c-d). It took
approximately two weeks for the design and manufacture of each personalized 3D-printed prosthesis
(Shanghaishengshi Co., Shanghai, China).

Surgical procedure

3D-printed group: The surgery was performed under general anesthesia. The tumor was removed by
curettage, which is performed through the window of the defect part of the articular surface. If the
window of the defect part is not large enough to scrape away all the tumor, an additional window should
be opened at the distal femur where was not covered by articular surface. After removing all visible tumor
tissues, the tumor cavity is cauterized with electric knife, and then expanded with a high-speed burr (Fig.
3e). After the curettage was completed, anhydrous alcohol and distilled water pulse irrigation was used to
rinse the cavity. Then the tumor cavity was �lled with bone cement. The 3D-printed prosthesis should be
installed before the bone cement sets. The installation process shall ensure the joint surfaces are in the
proper position. (Fig. 3f-h).

EPR group: The surgery was performed under general anesthesia. A median incision in front of the knee
joint was used and the distal femur was exposed outside the diseased bone or tumor mass. Osteotomy
of the distal femur was performed according to preoperative measurements and A tibial osteotomy was
performed in the same manner as a standard knee arthroplasty. A tumor type prosthesis (Beijingchunli
Co., Beijing, China) was reconstructed by conventional methods after the resection of tumor.

Post-operative management
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The postoperative management of the two groups was similar. Range of motion exercises of the knee
were performed from postoperative day 1. The patient was allowed non-weight-bearing standing and
walking with 7 days after surgery. Partial weight-bearing with crutches was encouraged from 2 weeks
postoperatively, followed by gradual full weight-bearing. The patient was followed up every month for the
�rst 3months, then every 3months thereafter. The oncology outcomes, and radiographs were assessed at
each follow-up.

Statistical analysis

Continuous data are expressed as mean ± standard deviation. The independent sample t test were used
to compare the age, operation time, bleeding volume, ROM and MSTS score of the two groups. The χ2
test was used to analyze the sex, tumor location, postoperative complications and recurrence rate of the
two groups. A p-value of < 0.05 was considered to be signi�cant. Statistical analysis was performed
using the SPSS Statistics software version 22.0 (IBM, Armonk, NY, USA).

Results
Operational outcomes

All operations were performed successfully and no intraoperative complications occurred. The operating
time in the 3D-printed group was (123.3±20.7) minutes (IQR 100-160minutes) , compared with the
operating time in the EPR group of (146.4±18.8) minutes (IQR 120-170minutes). The blood loss during
the operation in the 3D-printed group was (109.6±15.7) ml (IQR 90-140 ml), compared with blood loss
during the operation in the EPR group of (182.1±31.9) minutes (IQR 130-225minutes). The operating time
and the blood loss were signi�cantly less in the 3D-printed group (p < 0.05 and p < 0.05, respectively).

Oncological outcomes

The mean follow-up was for 33.5 months ranging from 26 to 43 months. One patient in the EPR group
experienced postoperative recurrence, which was a female patient. The recurrence time was 9 months
after the operation and the patient underwent a second resection. All the other patients were disease-free
during the follow-up period.

Post-operative functional status

The recovery of the affected limb function was assessed according to the MSTS score. The MSTS
function score of the two groups improved continuously after operation, but the score improved of the
3D-printed group was better than the EPR group. (Fig. 4a). The 3D-printed group had a mean score of
23.0 (18 to 27) at 3 months after operation while had a mean score of 28.2 (27 to 30) at 24 months after
operation (Fig. 5a-d). The EPR group had a mean score of 20.1 (17 to 24) at 3 months after operation
while had a mean score of 26.2 (25 to 28) at 24 months after operation. The difference was statistically
signi�cant (3 months after operation: T = 2.518, P = 0.019; 12 months after operation: T = 4.227, P =
0.000; 24 months after operation: T = 5.433, P = 0.000). The ROM of the 3D-printed group was
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statistically better than the EPR group at 6 and 9 months after operation (p < 0.05), but there was no
signi�cant difference in ROM between the two groups from 1to 2 years of follow-up. (Fig. 4b) .

Complications.

3D-printed group: One patient had delayed wound healing and then the wound healed after dressing
change without the second operation. No patient had a deep infection. Postoperative radiographic
examinations showed no evidence of bone resorption or osteolysis at the prosthesis-bone interface.
There was no heterotopic ossi�cation, loosening, breakage or displacement of the 3D-printed prosthesis.
The EPR group: There were 3 patients with postoperative incision complications (1 male, 2 females,
considered to be related to obesity and postoperative low albumin). All patients healed 2 weeks after
operation debridement and catheter �ushing. One case of prosthesis loosening occurred 26 months after
the operation, and a prosthesis revision was performed.

Discussion
In this study, we used the 3D printing technology to help restore the digital model of the anatomic
morphology before lesion destruction by using mirror digital of the healthy side of the body. We found
that the surgical procedures performed in the 3D-printed group were shorter in operating time and less in
blood loss during the operation compared with the EPR group, and the average dropped by 15.8% and
39.8% respectively. The values dropped of operating time and bleeding amount indicate that the surgical
procedure of the 3D-printed group is less traumatic and complicated. In our study, the mean MSTS score
in the 3D-printed group was 28.2 ranging from 27 to 30 is better than 26.2 ranging from 25 to 28 in the
EPR group at 24 months after operation, and the mean MSTS score in the 3D-printed group also is better
than the ranged from 24.5 to 26 in those treated with resection reported previously[15, 16]. This is maybe
because of the less traumatic and the use of bone cement that allow patients to exercise early. In 3D-
printed group, no composite fracture or prosthesis loosening was found which is similar as reported that
curettage could avoid the increased complications associated with wide resection[16, 17].

The difference between curettage and wide resection is always one of the hotspots in the treatment of
GCT of bone with pathological fracture[16, 18]. Recent studies have shown that curettage can achieve
local tumor control rates similar to resection while reducing the incidence of complications[2]. At the
same time, other recent studies have also shown that pathological fractures are not a risk factor for
recurrence, and the presence of a pathological fracture should not preclude the decision to perform
curettage[18]. A meta-analysis showed that it has difference in local recurrence rates, but the difference in
the risk of local recurrence did not reach statistical signi�cance in the wide resection group compared to
curettage group[19], and the meta-analysis suggest the presence of a pathological fracture should not be
only in�uential factor in the decision making to perform wide resection or curettage. In our study, all
patients in 3D-printed group underwent curettage before reconstruction of the articular surface, and
satisfactory tumor control was achieved during the mean follow-up compared with the EPR group.
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If a curettage procedure is chosen, in addition to carefully intraoperative tumor scraping, adjuvant therapy
is essential[16], which is important to reduce tumor recurrence. After the tumor is scraped off during
surgery, Local adjuvant therapy (argon beam coagulation, phenol, ethanol, hydrogen peroxide, liquid
nitrogen, etc.) is often used in the treatment of residual tumors in the lesion[20]. In 3D-printed group, the
adjuvant therapy was combined with electric knives, grinding drills, anhydrous alcohol and �lled with
bone cement. Although there are many pre-operative studies using denosumab[21], we had not used
them, because some recent literature suggests that the use of denosumab before curettage operation
may result in a higher recurrence rate because tumor cells are easily retained in the operation[22, 23].

In the 3D-printed group, the surface repair of the joint is made of titanium alloy metal material. Although
the individualized bionic design and high polishing procedure are used, the wear of the corresponding
tibial articular surface is theoretically larger than the original joint surface, as it is usually believed can
accelerate the degeneration of the joint. But during our follow-up, there was no signi�cant difference in
the medial and lateral space of the joint in the patients of 3D-printed group (X-ray �lm taken while
standing). So, the wear of the corresponding tibial articular surface may be not as fast as it was generally
thought in the past. However, even this happens in the end, it delays the use of non-conventional
endoprostheses replacement and reduce the number of revision surgery. Considering that traditional
prosthetic revision surgery is often accompanied by lower bone mass and high failure rates[24], the
surface repair surgery using three-dimension-printed custom-made prostheses should bene�t the
patients.

The discussion of some surgical treatment should be clear about the application boundary. The surface
repair surgery using three-dimension-printed custom-made prostheses are also obviously not suitable for
all patients with articular surface defects caused by pathological fractures of GCT of the distal femur. In
our experience, some patients whose joint surfaces of both femoral condyles have articular defects are
more suitable for tumor-type prosthesis replacement than surface repair surgery using three-dimension-
printed custom-made prostheses. Some patients whose injury involving the cruciate ligament or collateral
ligament are not recommended to use surface repair surgery by three-dimension-printed custom-made
prostheses, especially in the patients whose ligaments reconstruction are di�cult. Some elderly patients,
whose articular surface degeneration is heavier, are more suitable for tumor-type prosthesis replacement
surgery rather than articular surface repaired surgery described in this article.

The articular surface repaired surgery used three-dimension-printed custom-made prostheses should be
cautious in the implementation process and should be controlled in all aspects, especially in the
following aspects: 1. The design of the articular surface and the subsequent high polishing must be
precise, which are the keys to reduce the joint degeneration of patients. 2. The elastic modulus of the
metal articular surface and the normal articular surface is different, so according to our experience, the
metal articular surface should be 0.5mm lower than the normal articular surface during design, in order to
make the stress of the entire joint more balanced. 3. The plate added to the articular surface prosthesis
should also be designed according to the individualized bone of the patient using 3D printing technology.
A well-designed plate can not only increase the stability of the articular surface prosthesis, but also
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provide additional guidance for the implantation of the articular surface prosthesis because of its good
matching with the patient's bone. 4. The inner side of the articular prosthesis can be designed with
protrusions or porous structure[25] to better grip the bone cement and increase stability.

The main limitation of this study is the relatively short follow-up. Loosening and fracture of implants
might not occur until several years after the operation. Assessment of the wear of the prosthesis and the
corresponding tibial articular surface in the long-term will also be required. The survival and oncological
outcomes will also need to be recorded with longer follow-up.

Conclusions
The use of 3D-printed titanium prostheses is growing in musculoskeletal oncology. 3D-printed custom-
made prostheses represent a promising reconstructive technique in articular surface defect caused by
pathological fracture of GCT of distal femur. It could be able to achieve satisfactory oncological and
good short-term functional results. Further studies are needed to evaluate the stability of the implants
and the wear of the articular surface at long-term.
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Table I. Demographic, oncological data of patients (n =26)

Variables 3D-printed group (n=12) EPR group(n=14) p value

Demographic data      

Gender, n (%)      

Male 7 (58.3) 9 (64.3) 0.756

Female 5 (41.7) 5(35.7)  

Age, mean (SD) yrs 42.2(SD 11.4) 45.4(SD 9.6) 0.437

Oncological data      

Site, n (%)      

medial femoral condyle

Lateral femoral condyle

5 (41.7)

7 (58.3)

6(42.9)

8(57.1)

0.951

Campanacci classi�cation, n (%)     0.756

I 0 (0) 0 (0)  

II 7(58.3) 9 (64.3)  

III

Operating time, mean (SD) minutes

Blood loss, mean (SD) ml

MSTS

3 months after operation, mean (SD)

12 months after operation, mean (SD)

24 months after operation, mean (SD)

Local recurrence, n (%)

Postoperative complications, n (%)

5 (41.7)

123.3(20.7)

109.6(15.7)

23.0(3.1)

26.7(1.2)

28.2(0.8)

0(0)

1(8.3)

5(35.7)

146.4(18.8)

182.1(31.9)

20.1(2.7)

24.6(1.3)

26.2(1.0)

1(7)

4(28.6)

0.006

0.000

0.019

0.000

0.000

1

0.330

Abbreviation: MSTS, Musculoskeletal Tumor Society scores.

Figures
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Figure 1

Imaging examinations of a woman aged 29 years. (a and b) The pre-operative radiographs show that
there is pathological fracture of giant cell tumor in the left distal femur. (c) The MRI scans and (d) The CT
scans show a articular surface defect was caused by the pathological fracture.

Figure 2

Flow chart of the design of the 3D-printed custom-made prosthesis.
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Figure 3

The 3D printed prosthesis and surgical procedures (a) 3D printed models of the distal femur that has
defection of articular surface caused by pathological fracture of giant cell tumor. (b) The defection of
articular surface. (c-d) The 3D printed prosthesis. (e) Intraoperative pictures show the tumor is scraped
off. (f) The distal femur that defection of articular surface is restored by 3D printed prosthesis and the
prosthesis is installed and �xed. (g-h) Postoperative radiographs of the distal femur.

Figure 4

The MSTS function score and ROM after operation. (a) The MSTS function score of both groups was
improved continuously after operation, but the score improved of the 3D-printed group was statistically
better than the EPR group from three-month follow-up to twenty-four-month after operation. (b) The ROM
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of the 3D-printed group was better than the EPR group, and the difference was statistically at 6 and 9
months after operation.

Figure 5

Postoperative recovery of limb function. Satisfactory limb function 26.2 months after 3D-printed
prosthesis reconstruction. (a) Standing. (b) Crouching. (c) Flexion of the knee. (d) Extending of the knee.


