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Background: Conventional surgical treatment for metacarpal giant cell tumours (GCTs) includes 
lesion scraping followed by bone grafting or bone cement filling and en bloc resection followed by repair 
and reconstruction using a vascularised bone flap. However, these methods have inherent shortcomings, 
including a high postoperative recurrence rate and poor mechanical stability. 3D-printing techniques are 
increasingly being applied in medicine, and 3D-printed personalised prostheses have achieved good clinical 
effects in orthopaedic repair and reconstruction. We aimed to investigate the clinical effects of 3D-printed 
personalised prostheses for bone defect repair and reconstruction following resection of metacarpal GCTs. 
Methods: Three patients with metacarpal GCTs were examined in a retrospective cohort study. Through 
preoperative planning, a 3D-printed personalised prosthesis was designed and created for bone defect repair 
and reconstruction after tumour resection. Prosthesis fit, limb function, pain on the affected side, and the 
occurrence of complications were evaluated postoperatively. 
Results: Postoperative X-ray examination revealed a satisfactory fit of the 3D-printed prosthesis in terms 
of bone defect size and overall metacarpal shape, as well as good transverse and longitudinal metacarpal 
arches. The patients also exhibited good function in the affected limb, with good flexion and extension 
functions in the carpal, metacarpophalangeal, and interphalangeal joints, plus the absence of obvious pain, 
tumour recurrence, and complications such as pathologic fractures and prosthetic loosening. 
Conclusions: When using a 3D-printed personalised prosthesis for bone defect repair and reconstruction 
following resection of metacarpal GCTs, a good fit with the bone defect can be achieved during prosthetic 
installation when preoperative planning and design have been adequately performed. Therefore, three-
dimensionally printed personalised prostheses can serve as an effective method for the treatment of 
metacarpal GCTs.
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Introduction

Giant cell tumour (GCT) of the bone is a common 
benign but locally aggressive primary bone tumour. It 
is typically found in the distal femur, proximal tibia, 
proximal humerus, and distal radius, and less so in the 
spine, hands, and feet. GCTs of the hand account for 
2–5% of all cases and often involve the metaphyses of 
the metacarpals (1,2). Conventional surgical treatment 
for GCTs of the metacarpals includes lesion scraping 
followed by bone grafting, or bone cement filling and en 
bloc resection followed by repair and reconstruction using 
a vascularised bone flap. However, the inherent limitations 
of these methods include a high postoperative recurrence 
rate and poor mechanical stability, especially in patients 
with Campanacci grade III GCTs (3,4). In recent years, 
en bloc resection followed by the use of a prosthesis for 
post-resection bone defect repair and reconstruction 
has become the preferred approach for GCT treatment 
among an increasing number of orthopedists. However, the 
poor fit of conventional prostheses leads to a high rate of 
complications such as implant loosening or failure, resulting 
in poor postoperative limb function among patients (5,6). 
Furthermore, the low incidence of metacarpal GCTs 
suggests that conventionally configured prostheses are 
currently unavailable for this condition.

Medical applications of three-dimensional (3D) printing 
technologies are increasing, and 3D-printed prostheses 
have demonstrated high precision and personalisation and 
achieved good clinical effects in orthopaedic repair and 
reconstruction (7-9). However, research on the application 
of 3D-printed personalised prostheses in bone defects after 
metacarpal GCT resection is relatively scarce, with only 
a handful of case studies reported in the literature (10). In 
the present study, we retrospectively evaluated three cases 
of metacarpal GCTs in which satisfactory clinical effects 
were obtained with bone defect repair using 3D-printed 
personalised prostheses following tumour resection. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3400).

Methods

General data

Data for three patients with metacarpal GCTs who 
underwent surgical treatment between May 2016 and 
December 2018 were retrospectively analysed (1 male,  

2 females; age 26, 32, and 38 years, respectively). All 
patients had en bloc GCT resection followed by post-
resection bone repair and reconstruction using a 3D-printed 
personalised prosthesis. All GCTs were classified as grade 
III according to the Campanacci grading system. The 
GCTs were located at the distal end of the third metacarpal 
bone in one patient and at the distal end of the fourth 
metacarpal bone in two patients (Table 1). Before surgery, 
all patients underwent radiographic examination, computed 
tomography (CT) scanning, magnetic resonance imaging 
(MRI), and preoperative biopsy. The pain status, range 
of motion (ROM), and grip strength of the affected hand 
were recorded. Follow-up was performed at 1, 3, 6, and  
12 months postoperatively within the first year after surgery 
and once every 6 months thereafter.

This retrospective study was approved by the Ethical 
Committee of the Guigang City People’s Hospital, 
Guigang, People’s Republic of China, and was conducted 
according to the ethical standards of the Declaration of 
Helsinki (as revised in 2013). All patients and their family 
members received adequate information regarding the study 
and signed an informed consent form. Written informed 
consent was given by the patients to publish this paper.

Preoperative planning and fabrication of 3D-printed 
personalised prostheses

The prostheses were designed by research teams at the 
Clinical and Translational Research Center for 3D Printing 
Technology, Shanghai Ninth People’s Hospital, Shanghai 
Jiao Tong University School of Medicine, and the Guangxi 
Clinical Research Center for Digital Medicine and 3D 
Printing, and were fabricated by Shanghai Shengshi 
Medical Devices Co., Ltd. First, the lesion site of each 
patient, including the phalanges and carpal joint of the 
affected hand, was scanned using 64-row spiral CT. The 
distance between the distal and proximal cortical bones 
at the tumour site was measured using CT data, and the 
distance between the distal and proximal ends of the tumour 
was measured using MRI data. By importing the CT 
data into Mimics software (version 17.0; Materialise NV, 
Belgium), a 3D model of the metacarpal that included the 
tumour was established to determine the line for osteotomy 
at approximately 0.3–0.5 cm from the proximal end of the 
tumour. Subsequently, the prosthesis was simulated and 
designed based on the actual defect and anatomy of the 
metacarpal. The designed prosthesis had a 3D smooth 
interface structure consisting of a head and a handle. A 
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Table 1 Baseline characteristics of the three patients

Patient no. Age (years) Sex Affected side
Campanacci 

grade
Treatment

Length of resected 
bone (cm)

Follow-up duration 
(months)

1 32 Female Right III 3D-printed prosthesis 2.45 24

2 38 Female Left III 3D-printed prosthesis 2.50 30

3 26 Male Right III 3D-printed prosthesis 2.50 36

double-opening design was adopted for the head portion, 
with the openings facing upward for use as attachment 
points during the repair of the articular capsules of the 
metacarpophalangeal joint and the surrounding ligaments. 
The handle portion of the prosthesis was designed such 
that stability could be achieved by securing the handle to 
the remaining metacarpal bone using bone cement. Finally, 
the prosthesis was printed using titanium alloy powder 
(Ti6Al4V) with a 3D printer (Arcam A1; Arcam, Sweden) 
and was sterilised by autoclaving before use. The entire 
process, from surgical plan confirmation to prosthesis 
fabrication, was completed within 5 days.

Surgical method

The surgical procedure for each of the three patients was as 
follows. The patient was placed in the supine position and 
anaesthetised using brachial plexus blockade. A longitudinal 
incision, approximately 5 cm in length, was made along the 
dorsal side of the third or fourth metacarpal bone. After 
the extensor tendon had been retracted and the lesion had 
been fully exposed, osteotomy was performed along the 
preoperatively designed line for complete resection of the 
tumour lesion and partial resection of the articular capsules 
around the metacarpal. Rinsing was carried out three times 
with hydrogen peroxide, povidone–iodine, and saline, and 
tumour wall inactivation was performed using anhydrous 
alcohol. The proximal medullary cavity of the metacarpal 
was expanded by screw tapping and filled with bone cement 
to install the prosthesis. When the prosthesis was securely 
installed, the articular capsules of the metacarpophalangeal 
joint were repaired, a drainage tube was placed, and the 
incision was sutured layer-wise.

Postoperative treatment and functional rehabilitation

Postoperative treatment
After surgery, the operated wrist of each patient was placed 
in a cast in a neutral position, antibiotics were routinely 

administered intravenously for 2 days, and anti-inflammatory 
analgesics (celecoxib capsules) were orally administered for 
pain relief and swelling reduction. The surgery site was kept 
clean to prevent infection and prosthesis rejection.

Functional rehabilitation
From weeks 1 to 3, all of the aforementioned postoperative 
treatments were continued. Progressive exercises were 
added as tolerated, considering the increase in oedema, 
pain, and stiffness after an exercise session. Blocking 
exercises were performed to improve independent tendon 
gliding. During this period, the patient was independent 
and took part in exercise, oedema, and pain management 
programmes. Upon wound closure, scar management was 
initiated as appropriate.

During week 4, gentle resistance activities of the long 
flexors and extensors were initiated. Static progressive 
splints were also used.

From weeks 6 to 12, progress exercises were maintained 
as tolerated. Splinting was discontinued when the joint 
ROM remained unchanged for 3 weeks and when passive 
ROM was easily maintained.

Evaluation indicators

The function of the affected limb was evaluated using 
the Disabilities of the Arm, Shoulder and Hand (DASH) 
questionnaire and the Musculoskeletal Tumor Society 
(MSTS) scoring system developed in 1993. Pain intensity 
was measured using a visual analogue scale (VAS) (11,12), 
and the voluntary range of finger joint motion was 
evaluated using total active motion (TAM) (13). The 
postoperative pathologic findings of the tumour, occurrence 
of complications, and imaging evaluation results were 
recorded for each patient.

Statistical method

IBM SPSS Statistics for Windows version 22.0 (IBM Corp., 
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Armonk, NY, USA) was used for all frequency analysis.

Results

The surgical procedure proceeded smoothly in all three 
patients, with the incisions achieving stage I healing without 
early complications. Timely follow-up was performed 
postoperatively for all patients, with the final follow-up 
performed at 24, 30, and 36 months postoperatively. X-ray 
examination revealed a satisfactory fit of the 3D-printed 
prostheses with respect to the bone defect size and overall 
metacarpal shape, and good transverse and longitudinal 
metacarpal arches. Table 2 shows the DASH, MSTS, and 
VAS scores of the patients at 3, 6, 12, and 24 months 
postoperatively. During the final follow-up, all patients 
exhibited good TAM in the affected limb, with good flexion 
and extension functions in the carpal, metacarpophalangeal, 
and interphalangeal joints (Table 3). All the patients achieved 
DASH scores of 0; their MSTS scores (26, 28, and 29) were 
excellent; and their VAS scores were 1, 0, and 0, which 
indicated the absence of evident pain in the affected limb. 
Tumour recurrence or complications such as pathologic 
fractures and prosthetic loosening were not observed.

Typical case report

A 32-year-old female had a GCT at the distal end of the 
right fourth metacarpal bone that invaded the fourth 
metacarpophalangeal joint over a disease duration of 6 
months. Her clinical manifestations included swelling at the 
tumour site, evident pain upon local application of pressure, 
absence of pathologic fractures, limited flexion and 
extension of the right third to fifth metacarpophalangeal 
joints, local limitation of grip function, and decreased grip 
strength. A GCT diagnosis was considered based on the 
X-ray, 3D-CT, and MRI examination results (Figure 1) and 
was confirmed by a biopsy (Figure 2).

The GCT was classified as grade III according to the 
Campanacci grading system. Three treatment options 
were initially considered. (I) Amputation: the patient and 
her family members were unwilling to accept amputation 
and expressed a strong desire for limb preservation. (II) 
Exclusion with bone cement followed by vascularised bone 
flap grafting plus metacarpophalangeal joint fusion: this 
procedure is highly complex and is associated with several 
complications. In addition, metacarpophalangeal joint 
fusion will result in a partial loss of function of the right 
hand and unpredictable long-term outcomes. (III) Massive 
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bone allograft transplantation or allograft prosthesis 
transplantation: as allografts are susceptible to 
rejection and have poorer stability, these two methods 
lead to a high risk of bone resorption and fatigue 
fracture at a later stage. Hence, this surgical treatment 
option was ultimately rejected by the patient. After 
analysis of several treatment options, a joint decision 
to use a 3D-printed personalised titanium alloy 
prosthesis for functional repair and reconstruction 
was made by the patient, her family members, and the 
doctor. With this method, the integrity of the affected 
hand could be preserved, a certain degree of motion 
could be maintained in the metacarpophalangeal 
joint, and the surgical procedure was simple and fast 
with few complications. Preoperative CT and MRI 
were performed for tumour area marking (Figure 3)  
and preoperative design of the osteotomy line at 
approximately 0.3–0.5 cm from the proximal end of 

Table 3 TAM of the three patients at 24 months postoperatively

Patient no.

TAM (°)

Carpal joint (extension and 
flexion)

MP joint (extension and 
flexion)

PIP joint (extension and 
flexion)

DIP joint (extension and 
flexion)

1 150 90 90 80

2 160 110 100 80

3 160 110 100 80

DIP, distal interphalangeal; MP, metacarpophalangeal; PIP, proximal interphalangeal; TAM, total active motion.

B

D

A

C

Figure 1 Preoperative X-ray, computed tomography (CT), and 
magnetic resonance imaging (MRI) of the right hand. (A) X-ray, 
Anterior-posterior (AP) view; (B) X-ray, Oblique (OB) view; (C) 
CT; (D) MRI.

Figure 2 Microscopic view of the biopsy specimen 
(hematoxylin and eosin, ×400).
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BA

24.76 mm 2.40 cm

Preoperative design of the 
osteotomu line: Osteotomy 
performed at approximately 

0.3–0.5 cm from the proximal 
end of the tumor

24.51 mm

Figure 3 Preoperative tumour area marking on computed tomography (CT) and magnetic resonance imaging (MRI).

Figure 4 Preoperative design of the osteotomy line: approximately 0.3–0.5 cm from the proximal end of the tumour.

the tumour (Figure 4).
Figure 5 shows the prosthesis design and the 3D-printed 

titanium alloy prosthesis,  and Figure 6  shows the 
intraoperative status and resected tumour.

Anteroposterior and lateral radiographs of both hands 
taken at 24 months postoperatively revealed a good overall 
fit between the prosthesis and the right metacarpal, and good 
transverse and longitudinal metacarpal arches (Figure 7).

During functional follow-up at 24 months postoperatively, 
the patient exhibited good function in the affected limb, 
with good flexion and extension functions in the carpal, 
metacarpophalangeal, and interphalangeal joints (Figure 8).

The DASH, MSTS, and VAS scores for the affected 

limb were 0, 26, and 1, respectively. Postoperatively, a 
comprehensive set of functional rehabilitation measures 
was formulated for each patient based on their individual 
conditions to prevent postoperative joint stiffness 
that might result in poor limb function. At 24 months 
postoperatively, the patients exhibited good flexion and 
extension functions in the carpal, metacarpophalangeal, 
and interphalangeal joints. At 1–3 months postoperatively, 
the patients reported an evident dragging sensation at the 
prosthetic site and localised electric shock-like pain that 
was more pronounced at night or upon contact with the 
skin. During the early postoperative period, the skin on the 
affected hand exhibited elevated sensitivity to temperature 
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Location of bone 
Cement: 2 mm*15

Marketing line of the Dorsal
metacarpal head

26 mm

Figure 5 Prosthesis design and the 3D-printed titanium alloy 
prosthesis.

Figure 6 Intraoperative status and the resected tumour.

changes, with an evident tingling pain felt at temperatures 
<15 ℃ and pruritus at temperatures >45 ℃. However, these 
symptoms gradually decreased after 5 months, which might 
be related to intraoperative nerve traction. From 5 months 
postoperatively, patients were tasked with holding chopsticks 
and a pen and using a computer keyboard. During the early 
stage, patients experienced evident soreness and swelling 
sensation when holding chopsticks or a pen, with a marked 
increase in soreness, swelling, and fatigue felt in the hand 
after writing 200 Chinese characters. The patients were 
unable to perform key striking movements and experienced 
a dragging sensation in the palm when they first used the 
keyboard, but they became gradually accustomed after  
2 weeks of persistent rehabilitation efforts. Patients reported 
a distinct sensation of tightness accompanied by crackling 
sounds in the metacarpophalangeal joints when performing 
gripping and stretching movements with the hand, 
resulting from postoperative joint adhesion or stiffness. 
These symptoms gradually disappeared from 6 months 
postoperatively onward. At 8 months postoperatively, 
strength training was initiated. Patients were able to lift 
objects weighing 5–7 kg by 12 months postoperatively, 
which was indicative of good limb function. All three 
patients obtained excellent postoperative MSTS scores and 
were satisfied with the overall treatment regimen (including 
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Figure 7 Anterior-posterior (AP) and lateral radiographs of both 
hands taken at 24 months postoperatively, showing good overall 
fit between the prosthesis and the right metacarpal, and good 
transverse and longitudinal metacarpal arches.

Figure 8 Functional follow-up at 24 months postoperatively. The patient exhibits good function in the affected limb, with good flexion and 
extension functions in the carpal, metacarpophalangeal, and interphalangeal joints.

the preoperative formulation of the surgical treatment 
plan and the postoperative functional rehabilitation 
programme). This indicates that our novel approach of 
using a 3D-printed personalised metacarpal prosthesis for 
repair and reconstruction during GCT treatment may be 
more readily accepted by patients under most circumstances 
compared with traditional methods such as amputation. 
Nevertheless, a longer follow-up may be required for the 
validation of treatment effects.

Discussion

GCT of the bone is a common primary bone tumour with a 
predilection for the age group of 20–40 years. It is typically 
found at the ends of long bones, especially in the distal 
femur and proximal tibia (2). The hand is a rare site of GCT 
occurrence, with the metacarpals and phalangeal epiphyses 
being involved in most cases, and reports of GCTs in the 
hand are relatively rare (14,15). A PubMed search of the 
relevant literature yielded 23 published articles, which 
mainly consisted of case reports. A total of 35 metacarpal 
GCT cases have been reported, with the patients consisting 
of 23 males and 12 females in the age groups of <20 years 
(10 patients; 28.6%), 20–40 years (16 patients; 45.7%), and 
>40 years (9 patients; 25.7%). The left hand was affected in 
17 patients, the right hand in 17 patients, and the side was 
unspecified in 1 patient. There were 34 patients with single 
tumours involving the first metacarpal (4 patients; 11.8%), 
second metacarpal (5 patients; 14.7%), third metacarpal  
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(6 patients; 17.6%), fourth metacarpal (13 patients; 38.2%), 
or fifth metacarpal (6 patients; 17.6%), and 1 patient had 
multiple tumours involving the second, fourth, and fifth 
metacarpals. A review of the contents of the 23 articles 
revealed the several characteristics of metacarpal GCTs. (I) 
Most cases were single tumours with a predilection for the 
age group of 20–40 years (~46%); however, patients aged 
<20 or >40 years also accounted for a significant number of 
the cases (~29% and ~26%, respectively). (II) The common 
clinical manifestations included pain and swelling. The 
fourth metacarpal was most commonly involved (~40%), 
and the GCT incidence rates of the other metacarpals were 
similar among the remaining cases. Moreover, tumours 
invaded a large portion of the metacarpal in most cases. 
(III) At the time of diagnosis, the GCT in most patients 
was Campanacci grade II or III, in the progression stage, 
accompanied by evident bone destruction and extension to 
the metacarpal shaft and subchondral bone. (IV) Multifocal 
or multicentric manifestations were highly likely to occur. 
(V) Finally, compared with GCTs of long bones, metacarpal 
GCTs were more aggressive, exhibited a high recurrence 
rate, and were prone to metastatic spread to distant sites 
after multiple recurrences.

The conventional surgical treatment for metacarpal 
GCTs includes lesion scraping, followed by bone grafting or 
bone cement filling, and en bloc resection followed by repair 
and reconstruction using a vascularised bone flap. However, 
these methods have inherent limitations, including a 
high postoperative recurrence rate and poor mechanical  
stability (16). Scraping followed by bone grafting enables 
bone volume and joint preservation but is associated 
with a higher recurrence rate (17,18). In recent years, 
en bloc resection followed by the use of a prosthesis for 
post-resection bone defect repair and reconstruction 
has become the preferred approach for GCT treatment 
among an increasing number of orthopedists. However, 
conventionally configured prostheses for metacarpal 
GCTs are currently unavailable due to the low incidence 
of such tumours, and studies on the use of prostheses for 
the repair of post-resection bone defects in patients with 
metacarpal GCTs have been limited to a handful of case 
reports. The application of 3D-printing technologies in the 
field of orthopaedics has provided novel methods of bone 
defect repair and reconstruction following resection of 
metacarpal GCTs. This allows for wide or en bloc resection 
of metacarpal GCTs followed by the use of a preoperatively 
designed and fabricated 3D-printed personalised prosthesis 
for the repair and reconstruction of the post-resection bone 

defect. The perfect fit between the prosthesis and the defect 
site minimises the possibility of postoperative recurrence 
and facilitates maintenance of the hand’s mechanical 
stability.

In the present study, 3D-printed personalised prostheses 
were used for bone defect repair and reconstruction 
after tumour resection in three patients with metacarpal 
GCTs. Postoperative X-ray examination results revealed a 
satisfactory fit of the 3D-printed prosthesis in terms of the 
bone defect size and overall metacarpal shape. During the 
final follow-up, the patients also exhibited good function in 
the affected limb, without evident pain, tumour recurrences, 
or complications such as pathologic fractures and prosthetic 
loosening. These results indicated that 3D-printed 
personalised prostheses are an effective means of bone 
defect reconstruction after resection of metacarpal GCTs. 
As each 3D-printed prosthesis was personalised based 
on actual patient conditions, a suitable fit with the post-
resection bone defect could be achieved for the satisfaction 
of anatomical and biomechanical requirements.

The key points for the preoperative design of 3D-printed 
prostheses for bone defect repair and reconstruction after 
resection of metacarpal GCT are as follows. First, care was 
taken to attain a good shape and size match between the 
prosthesis and the post-resection bone defect. An excessively 
large prosthesis poses difficulties with implantation or 
requires the resection of a greater amount of normal 
bone tissue, which results in an enlarged bone defect, and 
increases the risk of postoperative pathologic fracture. If 
the designed prosthesis is too small, bone grafting will be 
required to achieve a good fit with the bone defect, which 
makes the prosthesis susceptible to loosening, hence failing 
to achieve the intended mechanical stabilisation. Second, 
our designed prosthesis had a 3D smooth interface structure 
and consisted of a head and a handle. A double-opening 
design was adopted for the head portion, with the openings 
facing upward for use as attachment points during the 
repair of the articular capsules of the metacarpophalangeal 
joint and the surrounding ligaments. The prosthesis was 
designed with a smooth surface to prevent or reduce friction 
between the prosthesis and the tendons, hence preventing 
tendon rupture.

This study has some limitations. First, it had a small 
sample size because of the low incidence of metacarpal 
GCTs. Therefore, further studies with a larger sample 
size are required to validate the benefits of our proposed 
treatment approach. Second, the follow-up duration was 
relatively short. Long-term follow-up of the patients of this 
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study may be necessary to investigate recurrence and the 
survival outcomes associated with personalised prostheses. 
Finally, compared with bone grafting and bone cement, 
prosthesis fabrication by 3D printing and filling is more 
costly. In our future clinical work, we will gather more cases 
of metacarpal GCTs for further research.

Conclusions

The use of a 3D-printed personalised prosthesis for bone 
defect repair and reconstruction following resection 
of metacarpal GCTs, when combined with adequate 
preoperative planning and design to achieve a good fit 
between the installed prosthesis and the post-resection bone 
defect, is useful for the treatment of metacarpal GCT.
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