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Introduction: Currently, it is challenging to treat giant cell tumor (GCT) of distal radius. For
Campanacci grade I1I or recurrent GCTs, en bloc resection has been accepted as a better treat-
ment option. Although numerous methods are available for reconstruction, all of them have
some limitations in joint function and complications. In this study, our aims were to treat the
GCT of distal radius with uncemented three-dimensional (3D)-printed prosthesis and to present
and evaluate the surgical techniques and short-term outcomes.

Methods: Between September 2015 and March 2017, 11 patients with distal radius GCTs were
treated with personalized uncemented 3D-printed prosthesis. The preoperative/postoperative
pain, range of motion, and grip strengths of all patients were evaluated. Oncological results,
complications, and degenerative changes in the wrist joint were evaluated. Functional outcomes
were assessed according to the disabilities of the arm, shoulder, and hand (DASH) questionnaire
and Mayo wrist scoring systems.

Results: The average follow-up was 14.45 months (range, 8—18 months). There was a significant
decrease in the mean postoperative visual analog scale score (2.33) compared with the preop-
erative score (5.22; p<0.001). The mean DASH score and Mayo wrist score of the wrist joint
function were 18.7 and 72, respectively. There was no local recurrence or lung metastasis. No
complication associated with prosthesis was observed, including aseptic loosening, subluxation,
and breakage. Joint space narrowing, or disuse osteoporosis, was also not found in all cases.
Conclusion: En bloc resection and reconstruction with a personalized uncemented 3D-printed
prosthesis can be alternative options to treat Campanacci grade III or recurrent GCTs of distal
radius and can result in short-term oncologic salvage, good postoperative function, and low
complication rate. However, a long-term follow-up is required to determine the outcome.
Keywords: rapid prototyping, computer-aided design, cementless, uncemented, polyethylene liner

Introduction
Giant cell tumor (GCT) of bone is a potentially aggressive lesion with a relatively high
recurrence rate after primary treatment.! GCTs mostly occur between the ages of 20
and 40 years.? Approximately 10% of GCTs are located at the distal radius,** which
is the third most common site affected. Intralesional curettage and cementation are
regular treatments for patients with Campanacci grade I or II tumors. Considering the
relatively high recurrent frequency (up to 31%) of curettage® in Campanacci grade I11
or recurrent tumors,**’ en bloc resection has been accepted as the standard treatment.®
However, postoperative wrist function may be compromised.®

Previously, numerous procedures were applied for the reconstruction of distal
radius, including wrist joint arthrodesis,” nonvascularized'® or vascularized fibula
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autograft,'' osteoarticular allografts,'? and prosthetic recon-
struction.>"!® Although these procedures have been reported
to result in reasonable functional outcomes with regard to
patient satisfaction or the ability to return to a normal life,
they have their own limitations.!” The nonvascularized or
vascularized fibula autografts were reported to have poten-
tial complications, including nonunion, delayed union, graft
fracture, wrist joint subluxation, and donor site morbidity.
Reconstruction using osteoarticular allograft seems promis-
ing. However, limited resource of allograft, nonuniformity,
and mismatching between graft and palm bone may greatly
limit this technique.!??**! The most common complications
of prosthetic reconstruction are radiocarpal joint instability
and stiffness because of the incompatible contact area.!>!822
There may be some disadvantages in previous designing of
prosthesis to be optimized,'*'®**? including low matching
degree between prosthesis and bone, the high rate of aseptic
loosing caused by cemented implantation, and the improper
usage of polyethylene spacer or liner. We proposed that a
custom-made, uncemented three-dimensional (3D)-printed
prosthesis with a best-fit articular surface would be a better
choice for designing. However, there is no related study
regarding custom-made uncemented 3D-printed prosthetic

reconstruction for tumor-induced defect of distal radius.
Therefore, we retrospectively evaluated custom-made, unce-
mented 3D-printed prosthetic reconstruction in a group of
patients with grade I1I or recurrent GCTs of the distal radius.

Methods

Patients

Between September 2015 and March 2017, 11 patients with
GCTs of the distal radius received en bloc resection and unce-
mented 3D-printed prosthetic reconstruction in our institution.
All the patients had Campanacci grade III or recurrent GCTs
without metastasis (Figure 1). Of the 11 patients, 6 were male
and 5 were female. The average age of the patients at the
time of admission was 38 years (range, 3145 years). The
two recurrent patients were previously treated with extended
curettage, local adjuvant therapy, and cementation.

All the patients had X-ray, 3D computed tomography
(3D-CT), magnetic resonance imaging, bone scintigraphy,
and preoperative biopsy. The pain, range of motion (ROM),
and grip strength of the involved wrist were also assessed
preoperatively. The pain at rest was evaluated according to
a visual analog scale (VAS) in which 0 represents “no pain”
and 10 represents “the worst pain imaginable.” The ROM was

Figure | (A) Posteroanterior radiograph of a Campanacci grade Il GCTs of the distal radius; (B) lateral radiograph of a Campanacci grade Il GCTs.

Abbreviation: GCT, giant cell tumor.
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recorded using a goniometer. Grip strength was measured
using a hydraulic hand dynamometer (North Coast Medical,
Inc., Gilroy, CA, USA). The patients completed Chinese
validated translations of the disabilities of the arm, shoulder,
and hand (DASH) questionnaire.?* In addition, the Mayo
wrist score® was also calculated for each patient. After the
surgery, follow-up was performed every 3 months during the
first year and every 6 months thereafter. The VAS, ROM, grip
strength, DASH score, and Mayo wrist score were assessed
at each follow-up visit to verify the outcomes of uncemented
3D-printed prosthetic reconstruction. Meanwhile, onco-
logical outcomes, complications, and degenerative changes
in wrist joint including joint space narrowing and disuse
osteoporosis of carpus were also radiographically assessed.

This retrospective study was approved and monitored
by the Ethical Committee of West China Hospital, Sichuan
University, Chengdu, People’s Republic of China, and was
performed in accordance with the ethical standards of the
1964 Declaration of Helsinki. Written informed consent to
participate in this study was obtained from all the patients.
The patients balanced the risks and benefits of the unce-
mented 3D-printed prosthetic arthroplasty before signing
the informed consent. All the patients gave permission to
publish the images.

Prosthesis design and fabrication

All prostheses were individually designed by our clinical
team and fabricated by Chunli Co., Ltd., Tongzhou, Beijing,
People’s Republic of China. Imitating normal radius appear-
ance is the major principle for our designing. Building 3D
computer models for the distal radius, distal ulnar, and palmar
bones of the affected and contralateral normal radius for
these patients was the first step, by importing the data from
the 3D-CT scan into Mimics V17.0 software (Materialise
Corp., Leuven, Belgium). Mirroring of the contralateral
normal distal radius was done to obtain a preliminary model
of the prosthesis. The high matching suitability for the car-
pus and ulnar head of the affected side was ensured using
the mirroring process. In order to protect the cartilage of
the palmar bone, ultrahigh-molecular-weight polyethylene
(Orthoplastics Ltd., Lancashire, UK) was used to fabricate
the articular surface of the prosthesis (Figure 2). To assemble
the two parts tightly, a specialized polyethylene lock structure
was created on the proximal plane of polyethylene liner. Ten
repairing pores were designed to reconstruct the radiocarpal
joint and the distal ulnoradial joint by suturing the surround-
ing soft tissue (Figure 3).

Figure 2 Anterioposterior view, lateral view, and vertical view of 3D model of
polyethylene liner.
Abbreviation: 3D, three-dimensional.

Figure 3 Anterioposterior view, left view, and right view of 3D model of titanium
part (shaft and stem).
Abbreviation: 3D, three-dimensional.

Computerized numerical control engraving technology
was applied for the manufacture of the ultrahigh-molecular-
weight polyethylene liner. The rest part of the prosthesis,
including the shaft and stem, was fabricated by electron beam
melting technology (ARCAM Q10, Mélndal, Sweden). After
completing the above procedures, all prostheses were coated
with hydroxyapatite (Figure 4).

Surgical technique

All surgeries were performed by the same senior surgeon
(Chonggqi Tu). The GCTs of the distal radius were exposed
through a dorsal approach under general anesthesia. En
bloc resection was done 1.5 cm away from the tumor border
(Figure 5). During the operation, four patients needed to have
the palmar ligaments and tendons cut, and the joint capsule
required significant removal because of the invasion of the
lesion. Meanwhile, we successfully retained all radiocarpal
ligaments, tendons, and the joint capsule in seven patients
with no lesion invasion. When implanting the prosthesis, the
rotation could be controlled depending upon the crest of the
prosthesis. The stem was press-fit inserted into the reamed
radius canal. The next procedure was to reconstruct the distal
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Figure 4 (A) Components of prosthesis; (B) endoprosthesis with HA coating.
Abbreviation: HA, hydroxyapatite.

radioulnar joint and the radiocarpal joint. The nonabsorbable  tissue, such as palmar ligaments, tendons, triangular fibro-
suture (Ethibond™ size 2; Johnson & Johnson, Ltd., New cartilage complex, and joint capsule, to prosthesis pores to
Brunswick, NJ, USA) was used to sew up the remaining soft ~ enhance joint stability (Figure 6).

268 submit your manuscript Cancer Management and Research 2018:10

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove Treatment of GCT of distal radius with uncemented 3D-printed prosthesis

Figure 5 Intraoperative picture indicating the resection of the distal radius via a dorsal approach.
Notes: (A) Measuring length of tumor defect. (B) Removal of tumor. (C) Preliminary evaluation of implantation feasibility.
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Figure 6 Replacement and repair wrist joint and distal ulnoradial joint.
Notes: (A) Implanting was completed. (B) The length of prosthesis was suitable for tumor-induced defect. (C) Repairing the joint with nonabsorbable suture.
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Postoperative management

In four cases, the affected limb of patients who underwent
massive resection of palmer ligaments, tendons, and joint
capsule due to tumor invasion was immobilized in an above-
elbow cast for 4 weeks to stabilize the joint by promoting
scarring of periprosthetic tissue. Wrist exercises were then
performed to activate the ROM. By contrast, for rest cases,
in which most of joint capsule was retained, the postoperative
exercise was timely carried out to achieve more flexible ROM.
We gradually increased the intensity of exercise according to
each patient’s tolerance and recovery progress.

Statistical analysis

Continuous data are represented as the mean * standard
deviation. Student’s #-test was used to compare continu-
ous variables. SPSS software (Version 20; IBM Corpora-
tion, Armonk, NY, USA) was used for statistical analysis.
A p<0.05 was considered statistically significant.

Results

All the patients were followed up for a mean duration of 14.45
months (range, 8—18 months; Table 1). Before the surgery,
all of them complained of pain, and their mean VAS score
was 5.22 (range, 4-7). After the surgery, seven patients had
obvious relief from pain, while four patients continued to
suffer from moderate pain. At the last follow-up, the mean
VAS score was 2.33 (range, 1-3; p<0.0001). The average
ROMs measured at the last follow-up were 61.55° (range,
40°-78°) of dorsiflexion, 30° (range, 20°-40°) of palmar
flexion, 59.95° (range, 30°-80°) of supination, and 57.27°
(range, 30°—75°) of pronation, respectively. Compared with
preoperative ROM, there was a significant improvement in
ROM, except for palmar flexion, after surgery (p<0.05). The
average preoperative grip strength was 17 mmHg (range,

Table | Patients’ basic characteristics

9-31 mmHg), while postoperatively it was 23.6 mmHg
(range, 18-30 mmHg) in the affected extremity (p<0.05). The
mean DASH score significantly decreased by 11 (from 29.7 to
18.7; p<0.05). In addition, the postoperative Mayo wrist score
improved from 28.7 to 72 (p<0.0001). During the follow-up
period, there was no death, recurrence of tumor, metastasis,
or amputation. In addition, no degenerative changes or com-
plications associated with prosthetic replacement, such as
aseptic loosening, subluxation, or breakage, were observed
(Figure 7). Table 2 summarizes functional outcomes and
degenerative changes. Figure 8 shows a typical case.

Discussion
Campanacci grade III GCT and recurrent GCT of the distal
radius are both locally aggressive lesions with a relatively
high recurrence rate. The main therapeutic aims are the fol-
lowing: resecting the tumor completely, decreasing the rate
of local recurrence, and preserving the maximum possible
wrist joint function. In order to minimize the chance of
recurrence, en bloc resection has been widely accepted for
Campanacci grade I GCTs.2*2¢ Because of the limitations
and disadvantages of allograft/autograft reconstruction,
prosthetic arthroplasty has become mainstream. Prosthetic
reconstruction after resection has been previously reported
with reasonable outcomes.!3'%22 However, the prosthetic
reconstruction reported in these studies resulted in unsatisfac-
tory ROM and a high rate of complications. We performed
arthroplasty using custom-made uncemented 3D-printed
prosthetics in 11 patients with Campanacci grade I1I or recur-
rent GCTs of the distal radius. We found that postoperative
function was satisfactory, and no complications occurred.
In our study, we observed obvious improvements in ROM
and a decreased complication rate compared with previous
studies of prosthetic replacement for the wrist joint. Since

Patient Age (years) Gender Side Campanacci Initial treatment Length of resected Follow-up
grade bone (cm) (months)

| 31 Female Left 11l Prosthetic arthroplasty 4.20 18.00

2 42 Male Right Recurrent Curettage and cementation 5.50 16.00

3 45 Male Left 1] Prosthetic arthroplasty 5.00 11.00

4 32 Female Left 11l Prosthetic arthroplasty 4.00 8.00

5 37 Female Right 11l Prosthetic arthroplasty 3.80 16.00

6 38 Male Left Recurrent Curettage and cementation 6.00 12.00

7 41 Female Right 1]l Prosthetic arthroplasty 5.50 17.00

8 35 Female Right 1]l Prosthetic arthroplasty 4.00 18.00

9 45 Male Left 1]l Prosthetic arthroplasty 4.50 14.00

10 34 Male Right n Prosthetic arthroplasty 4.80 17.00

I 38 Male Right n Prosthetic arthroplasty 5.00 12.00

Mean 38 4.75 14.45
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Figure 7 (A) One-month postsurgical posteroanterior radiographs; (B) posteroanterior radiographs also were obtained 10 months after surgery. There were no significant

degenerative changes.

Gold’s report in 1957% (Table 3), many types of cemented
prostheses have been used in the reconstruction of the
wrist joint after tumor resection.!*'#22 In Natarajan et al’s
study,'® 16 patients with distal radial GCTs were received
custom-made cemented megaprosthesis reconstruction dur-
ing the period 1995-2006. After an average of 78 months
of follow-up, the mean flexion and extension were just 25°
and 20°, respectively. In addition, complications occurred in
six patients, including aseptic loosening, infection, and skin
flap necrosis. Hatano et al'® presented two cases of alumina
ceramic prosthetic replacement for massive bone defects of
the distal radius. Both patients had degenerative changes to
the wrist >10 years after the procedure. Meanwhile, aseptic
loosing occurred in both. At the last follow-up, the average
flexion and extension were only 15° and 30°, respectively. In
2013, Hariri et al'” reported the case of a 72-year-old woman
in whom a mega wrist polyethylene spacer prosthesis was
used to reconstruct the distal radius after en bloc resection of
a GCT. Three years after the surgery, the prosthesis was well
aligned, but with dorsal subluxation of the ulnar head. The
similar type of prosthesis was used in Damert et al’s study.'®
The extension achieved was only 10°. Recently, Zhang et al'?
and Wang et al'* implanted a custom-made prosthesis (LDK
Co., Ltd., Haidian, Beijing, People’s Republic of China) with

a polyethylene liner to reconstruct the wrist joint following
the en bloc resection. The average flexion and extension just
reached 20°-30° and 20°—40.9°, respectively. Wang et al'
observed a high proportion of complications (6 of 10; 60%),
including aseptic loosening, wrist subluxation, and joint
degeneration. Contrary to the previous reports, we found
that postoperative dorsiflexion could reach 61.55° on aver-
age and 70° in the majority of cases in this study because of
the anatomical shape of our prosthesis. The average flexion
could just reach 30°. The reason for this is that the retained
soft tissue of the dorsal side was sutured more tightly than
the palmar side to avoid the dislocation of the prosthesis. In
addition, we observed no complications associated with the
prosthesis, including subluxation, loosening, or breakage,
at the final follow-up. Mean grip strength was 23.6 mmHg,
which is in keeping with other reports of postoperative grip
strength.'*!* Although follow-up is not yet sufficient to verify
the long-term rate of complications, our results are consid-
ered indicative, as most complications occur within the first
2 years after surgery.

Besides the shape and thickness of the liner, a suitable
length of the shaft including the crest and the use of hydroxy-
apatite coating would be the main factors that result in good
function with a low chance of complications. First, the shape
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50/80
50/70

9 (32.121 (75.0) 27/14

50/60
45/75
35/30
45/70

55/65
25/50
35/60
45/55

30/25
30/32
26/30

40/72
45/68
40/55

5/1

None

None

34/23
32/16

25 (58.9)/31 (73.0)

6/2
712
5/2

None

None

17 (39.2)/26 (60.0)
15 (45.0)/25 (75.0)

10

None

None

42/15

30/28

65/70

47.78/72.7
<0.0001

29.67/18.7
0.044

17 (48.9)/23.6 (69.9)
0.007 (0.0003)

41.82/57.27

43.18/59.55
0.007

28.82/30

42.45/61.5
0.0007

5.22/2.33
<0.0001

Mean

=0.006

0.67

Notes: Visual analog scale range, 0-10; Mayo wrist score range, 0—100; DASH range, 0-100.

Abbreviation: DASH, disabilities of the arm, shoulder and hand.

p-value

of the polyethylene liner is an essential factor for achieving a
reasonable ROM. Although a polyethylene liner used in two
previous studies'>!“ had some impacts on preventing cartilage
degeneration of the carpus, the shape and size were not suit-
able for the palmar and ulnar bones, which would cause an
inevitable deconstruction of the cartilage and degeneration of
the carpus. To avoid unnecessary friction between the palmar
bone and the liner, the contact area of the liner was designed
based on the articular surface of the contralateral side distal
radius using Mimics software. In addition, optimization
depended on the shape of the carpus of the affected side was
performed. Therefore, cartilage degeneration and radio car-
pus osteoarthritis could be effectively prevented with a best-fit
contact area. Second, the thicker the polyethylene liner is, the
more easily it can detach from the metal portion, due to the
lever principle. The thicker liner used in previous studies'*'
created an increased potential risk for liner dislocation.
Considering that the wrist is a nonweight-bearing joint, we
suggest that a 0.5—1-cm-thick liner is a better choice. We also
designed a taper column with buckles to avoid dislocation of
the liner. Third, we reserved the bone crest of the distal radius
on the shaft to ensure proper implantation. This remaining
crest of the shaft could act as a guideline to implant because
of the crest continuity. Implanting the prosthesis with no
rotation would result in a satisfactory ROM. Another detail
for design of the shaft is that the length of the prosthesis
must be suitable to the tumorous defect to avoid dislocation.
We measured precisely by using 3D-CT scanning data that
were imported into the Mimics software. The length of the
tumorous defect was defined as the vertical distance between
the ulnar head and a safe margin. The surgeons could easily
locate the osteotomy plane using this definition during the
surgery. Finally, joint restoration is essential to decrease
the frequency of dislocation of the prosthesis. We designed
seven pores distributed along the edge of the contact surface
to fix the radio carpus joint more stably, whereas previous
studies" " used fewer pores to fix the carpus joint. For repair
of'the distal radioulnar joint, three pores must be placed lon-
gitudinally in the upper middle portion of the joint surface
to ensure that the distal ulnar is fixed in the middle position
of the joint to allow more flexible supination and pronation.

Proper wrist joint fixation is one of the most demanding
procedures during surgery to achieve satisfactory flexibility and
stability. However, it is also a priority for prosthetic replacement.
Adjusting the suturing tension and repairing the joint capsule
sequentially are two main aspects to be considered for achiev-
ing better ROM and a more stable joint. First, we adjusted the
tension by the positioning of the wrist joint when it was sutured.
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Figure 8 A 46-year-old man ~18 months after the resection of Campanacci grade Il GCTs of the distal radius with 3D prosthetic reconstruction.

Notes: (A) Radiographic comparison between preoperative joint and postoperative joint. (B) Dorsiflexion of affected side could reach 70° after the surgery. (C and F)
Pronation and supination were good. (D and E) Movement and sensation of finger and thumb were satisfactory.

Abbreviations: 3D, three-dimensional; GCT, giant cell tumor.

We suggest that 10°-15° of extension is the optimal position this stability. Second, suturing the retained tissues to the pores
for the mobility of dorsiflexion when suturing the dorsal side.  in the prosthesis in a proper order makes joint repair easier and
However, the palmar flexion was partially sacrificed to enhance ~ more efficient. We suggest that the palm ulnar side should be
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the first sewing point. The palm radial side, dorsal radial side,
and dorsal ulnar side are then sequentially sutured.

We recognized the following limitations of our results.
The duration of the follow-up is not, yet, sufficient to verify
the long-term efficacy of this new design prosthesis and
promising surgical techniques. In addition, it is also possible
that more complications or problems might arise as we follow
these patients for a longer time. The small number of patients
is another limitation, and we also had no control group;
however, Campanacci grade III GCTs are rare. Therefore, a
larger multi-institutional study is needed to ideally compare
this approach with other types of reconstruction.

Conclusion

The use of uncemented 3D-printed prosthetic reconstruction can
be an alternative option for Campanacci grade III or recurrent
GCTs of the distal radius after en bloc resection. The ability to
perfectly imitate the contralateral normal shape of the wrist, the
best-fit joint surface, press-fit fixation, and careful reconstruc-
tion of the soft tissue around the distal ulnoradial joint and the
radiocarpal joint lead to reasonable postoperative wrist function
and cartilage protection. As we have collected only short-term
follow-up results, the long-term efficacy of local controls for
GCTs and postoperative wrist motion are yet to be observed.
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