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ABSTRACT

A 34-year-old woman was diagnosed with a giant cell tumor of the right
distal radius with extensive articular invasion. After en-bloc resection of
5.5 cm of the distal radius, reconstruction was done with three-
dimensional printing custom-made distal radius prosthesis. In
addition, a multiligament reconstruction was done to prevent
postoperative radiocarpal subluxation and imitate the native distal
radius. At 18 months, the range of motion was 20° dorsiflexion, 10°
palmar flexion, 10° supination, and 60° pronation. Her grip strength
was 60% compared with the contralateral side. No complications
were seen during this 2-year follow-up. We present the combined
3-dimensional printed custom-made prosthetic with multiligament
reconstruction as an innovative method without postoperative
complication at 2 years.

iant cell tumor (GCT) is considered benign in metastasis but behaves

aggressive locally. This tumor localizes around 2% in the hand,!»?

and the distal radius is the third most common location.? En bloc
excision to completely remove the tumor is indicated in Campanacci grade
I/II GCT because an extremely high rate of local recurrence exits after
curettage only.*° Skeletal reconstruction of the extended bone defect is
remarkably challenging to achieve excellent outcome on both functional
demand and cosmesis with the lowest complication. Various techniques have
been proposed such as ulnar translocation® and wrist arthrodesis”~® that are
suitable for cases where the tumor extends into the carpal bones or in revision
cases. However, these procedures result in a loss of motion. Non-
vascularized® or vascularized!!-13 autograft and allograft'4-17 are biologic
replacements, yet wrist instability and degenerative changes remain prob-
lematic. The main advantages for reconstruction with a prosthetic
replacement!820 are anatomical restoration of a large defect, earlier
recovery, and avoidance of donor site morbidity. This article presents a
reconstruction technique using a three-dimensional (3D)-printed custom-
made endoprosthesis with multiple ligament reconstruction. We report
postoperative functional results and complications of the first patient who
underwent this procedure.

February 2021, Vol 5,No2 | © American Academy of Orthopaedic Surgeons 1


http://orcid.org/0000-0002-7257-2505
mailto:pobeong@yahoo.com
http://dx.doi.org/10.5435/JAAOSGlobal-D-20-00178
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Anatomic 3D-Printed Distal Radius Endoprosthesis

Case Report

A 34-year-old right-handed woman presented with a 6-
month history of a painful mass (3 x 5 cm) on her right
wrist. At initial presentation, the patient had 0° of wrist
flexion, 0° extension, 0° supination, and had only 10° of
pronation remaining. Radiographs demonstrated an
osteolytic lesion in the distal radius with ill-defined
margins (Figure 1). After the pathological confirmation
of grade III GCT, reconstructive options were discussed.
The patient agreed to reconstruction with a custom-
made endoprosthesis and multiligament reconstruction
technique because of the shorter recovery time and
preserved postoperative motion. Preoperative inves-
tigations included radiographs of bilateral wrist and
chest x-rays; bilateral wrists 3D CT scan and right wrist
magnetic resonance imaging (MRI) were done when
appropriate (Figure 2). No lung metastasis was found.

Prosthesis

A custom-made endoprosthesis of the right distal radius
with appropriate dimensions obtained from preoperative
radiographs was used. Both wrists were scanned by a CT
imaging system (GE Revolution 256; GE Healthcare) and
MRI (Achieva 1.5T; Philips Healthcare) imaging equip-
ment. The obtained sections (DICOM files) were up-
loaded into OsiriX MD Viewer Software (Pixmeo), and
Solidworks (Dassault Systemes) was used as a computer-
aided design program for prototyping. Finally, a 3D-
printed model was generated with Titanium (Ti-6AI-4V
grade) from the Mlab 200R, a direct metal laser melting
metal machine (Concept Laser) (Figure 3).

Surgical Technique and Postoperative
Management

The institutional review board (IRB) of the Faculty of
Medicine, Chulalongkorn University approved this
study (certificate No. 025/2020, IRB No. 488/63). The
patient was placed under general anesthesia with the
contralateral leg and arm prepped and draped appro-
priately. Her right arm was elevated before inflation of
the tourniquet without exsanguination. A standard lon-
gitudinal dorsal wrist incision was made overlying the
radius incooperating with and extending from previous
biopsy site. Extensor digitorum communis tendons were
retracted to the ulnar side, and extensor pollicis longs was
retracted to the radial side. Dorsal wrist capsule was
identified. During en bloc tumor resection, the distal edge
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of the dorsal wrist capsule was preserved. The dorsal
radiolunotriquetral ligament was identified and dissected
to its attachment on the dorsal lip of the distal radius to be
reconstructed later. Although preserving the palmar
radiolunate ligament and volar capsule, En bloc resection
of the tumor was done to the preoperatively determined
level based on the extent of the bone and soft-tissue
involvement from CT and MRI. An additional transverse
osteotomy at the shaft of radius was done to accommo-
date the custom-made prosthesis.

For reconstruction of radiocarpal and distal radio-
ulnar ligaments, two vertical tunnels at the distal carpal
row (capitate and trapezoid bone) and one oblique tunnel
atthe base of ulnar styloid were made with a 2.5 mm drill-
bit. Two wire loops (shown in blue in Figure 4A) were
passed into the hole from dorsal to volar. The tips of
wire loops were left for retrieving the tendon graft at the
volar side of distal carpal row. Another wire loop
(shown in red in Figure 4A) for the distal radioulnar
ligament reconstruction was passed from proximal to
distal, through the hole at the base of ulnar styloid. The
tip of the wire loop was also left proud for retrieving the
tendon. Before prosthesis insertion, three guide sutures
(Ethibond 2-0) were placed into the holes of the distal
radius prosthesis to help pass the tendon graft through
the prosthesis (shown in green in Figure 4A).

A custom-made distal radial endoprosthesis with
anatomical dimensions obtained from preoperative 3D
CT was used for reconstruction. This prosthesis was in-
serted into the intramedullary canal of the proximal
radial shaft with cement. The intramedullary canal of the
radius was prepared by reaming and irrigating with
normal saline. After canal drying, bone cement was in-
serted into the medullary canal by syringe injection and
digital packing. Then, the prosthesis was inserted and
held steady until the cement was set.

Next, three strips of autogenous tendon graft were
prepared for reconstruction of the capsuloligamentous
structures of the remaining carpal bones to the endo-
prosthesis. In this patient, we had to use a hamstring graft
because of absence of palmaris longus and plantaris
tendons. The hamstring tendon graft was longitudinally
split to reduce the size (final diameter 2.0 mm) to facili-
tate pass through the 2.5 mm drill hole.

The strips of tendon grafts were tied with the guide
sutures at the dorsum of the prosthesis (shown by asterisk
sign in Figure 4B). Gentle traction to the wrist to assess
to the wire loop and guide suture at the space between
prosthesis and carpal bone was done. Then, the wire
loops at the volar side of the carpus were used for
retrieving the guide suture with tendon graft (shown by
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Figure 1
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Radiographs demonstrating an osteolytic lesion with ill-defined margin of the distal radius on PA and lateral views.

arrow sign in Figure 4B). By this method, the tendon
grafts were pulled from the dorsum of the prosthesis
through the volar of the carpus and back to the dorsum
of distal carpal row without need to open the volar
incision (Figure 4, C and D).

Figure 2

The most-radial hole of the prosthesis was tensioned
first, followed by central and distal radioulnar joint
holes (Figure 4, E and F). Before tightening all liga-
ments, confirmation that the radiocarpal and distal
radioulnar joints were reduced in normal position is
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Magnetic resonance imaging demonstrating coronal and sagittal views in T1 and T2 of the distal radius.
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Anatomic 3D-Printed Distal Radius Endoprosthesis

Figure 3

3a

Figures demonstrating a custom-made distal radial endoprosthesis. A, Designed preoperatively by our developed technique via three-

dimensional CT. B, Postprocessing model.

needed. For radiocarpal joint, the stability was pre-
ferred over motion. Tension of the ligament at the
radiocarpal joint was set at 30° wrist extension. We
intentionally set the tension of the radiocarpal ligament
as tight as we could to guarantee stable radiocarpal
joint, although some stiffness might occur. For distal
radioulnar joint, tension of distal radioulnar ligament
reconstruction was set at the neutral pronosupination
position of the wrist and confirmed that the ligaments
were not overtensioned. As a result, intraoperative
range of motion was 45° wrist flexion, 45° wrist
extension after radiocarpal ligaments were tensioned,

Figure 4

and full pronosupination was observed after distal
radioulnar ligament was tightened (Figure 5).

Finally, the tensor fascia lata was harvested from the
left thigh to reconstruct the dorsal wrist capsule over the
endoprosthesis to prevent irritation or rupture of the
extensor tendons (Figure 6). Final alignment was
checked under a fluoroscope. The tourniquet was
deflated, and meticulous hemostasis was ensured before
closing. The wound was tightly closed over a suction
drain placed in line with the incision.

Postoperatively, the limb was immobilized in an
above-elbow cast for 4 weeks, then active range of

Diagrams demonstrating reconstruction of radiocarpal and distal radioulnar ligaments. A, Two blue wire loops were for radiocarpal

reconstruction and single red wire loop was for radioulnar ligament reconstruction. B, Tendon grafts were tied with the green sutures at
the dorsum of the prosthesis (asterisk) and blue wire loops were used for retrieving the green suture (arrow sign) from the volar side. C,
Blue wire loops were retrieving green sutures (arrow sign). D, Tendon grafts were pulled from the dorsum of the prosthesis through the
volar of the carpus and back to the dorsum of distal carpal row. E, Two tendon grafts were passed to reconstruct radiocarpal ligament.
F, Another single tendon graft was passed to reconstruct distal radioulnar ligament.
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Figure 5
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A, Diagram and (B) intraoperative procedure demonstrating multiligament reconstruction of radiocarpal joint (double white asterisks)
and radioulnar joint (single black asterisk) by autogenous tendon grafts harvested from hamstring tendon.

motion wrist exercises were allowed, and intensity was
gradually increased.

Results

The patient was evaluated postoperatively at 2, 6, and
12 weeks; 6 months; and on an annual basis with a
physical examination and plain radiography. The re-
sected radius length was 5.5 c¢m, and the tumor
pathology showed negative margin. At the 18-month
follow-up, the functional results revealed that the active
range of motion of the operated wrist was 20° wrist
extension, 10° wrist flexion, 10° supination, and 60°
pronation; mean grip strength was 30 pounds (60%
compared with the normal side). The patient was able
to use her wrist for working and doing daily living
activities with minimal pain (visual analog scale pain
score = 2/10). Follow-up details of functional photo-
graphs of the patient are presented in Figure 7. The
postoperative radiographs in Figure 8 shows the distal
part of the implant, imitating the articular surface of
the wrist joint. At 2 years of follow-up, the patient was
contacted by phone only and not available for in-
person assessment because of the COVID-19 pan-
demic. She reported a satisfied outcome because she
was able to work properly without pain (visual analog
scale pain score = 0/10) as shown in Video clip 1, http://
links.lww.com/JG9/A1135.

No early postoperative complications such as infec-
tion at the operative site, soft-tissue defect, immune
rejection, periprosthetic fracture, nonunion, implant
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loosening, prosthetic dislocation, or tendon rupture were
noted. At the final follow-up, no tumor recurrence and no
signs of radiographic loosening were noted.

Discussion

GCT is known to be an extremely locally aggressive bone
tumor.’?21 Unlike Campanacci I and Campanacci II

Figure 6

Figure demonstrating that extensor retinaculum was
reconstructed over the endoprosthesis with tensor fascia lata.
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Figure 7

Functional photographs of the patient after 18 months. A,
Supination. B, Pronation.

without pathological fracture, treatment for extended
curettage in Campanacci IIl GCT of the distal radius is
unpredictable because of the high recurrence rate of up
to 70% from the residual tumor.?? However, the
reconstruction of the defect that remains after an En
bloc resection of the distal radius continues to pose a
considerable challenge. The ideal goals of surgical
reconstruction include a painless, stable, and mobile
wrist with adequate grip strength. Reconstruction op-
tions should avoid postoperative complications and
ensure low donor side morbidity. Several surgical op-
tions have been reported, yet no consensus exists about

Figure 8

the best surgical reconstruction technique because of the
limited literature and number of patients at present.

The first report of prosthesis replacement of distal radius
after resection of recurrent GCT was by Gold in 1965.23
The prosthesis was made from Vitallium, which was
associated with chronic inflammation. No osseous inte-
gration was noted for several endosteal and subperiosteal
designs,?* and longevity was limited to 8 years. With the
advancement of technology, several materials and designs
produced different types of endoprostheses such as a
bipolar hinge component and a stainless steel stem.' The
latest prostheses comprised acrylic and a long stem of
stainless steel*> or alumina ceramic.!® Essentially, the
benefits of endoprosthesis outweight other reconstruction
techniques because it imitates the native distal radius and
avoids delayed union and donor site morbidity. It also has
the ability to repair large defects. Moreover, the emergence
of 3D printing break throughs and constant innovation
helps create a more individualized design to improve the
functional outcome for patients. Nonetheless, long-term
radioulnar subluxation'® and asymptomatic loosening!®
have been reported in previous studies.

We feel that the restricted motion at the last patient visit
is explained by the stiffness from the ligament reconstruc-
tion procedure. Midterm outcome from former clinical
studies seem to provide a better range of motion. In 2012,
Duan et al.'” reported a mean flexion/extension of 33.3°/
46.7° and prono/supination of 72.3°/61.3° after allograft
reconstruction in 15 patients. The current study of auto-
graft with partial arthrodesis showed flexion/extension of

Postoperative x-ray of patient after 18-month follow-up in PA and lateral views.
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20°/20° to 30° and prono/supination of 30° to 80°/15° to
20°, which was wide in range and questionable according
to the arthrodesis technique.!> Our goal for the radio-
carpal and radioulnar ligament reconstruction is to pre-
vent long-term complication of the joint subluxation that
will affect grip strength and the functional outcome later
on. During the surgery, we tightened the grafts slightly
more than usual because delayed ligament laxity was
expected. Therefore, the 2-year outcome does not provide
an excellent range of motion. However, our reconstruction
method provides painless and stable wrist that satisfies
patient’s activities which allows some motion and flexi-
bility of her wrist. The limitation of this study is the 2-year
follow-up only. Long-term functional outcome should be
further evaluated.

Our 3D-printed custom-made endoprosthetic with
multiligament reconstruction is an innovative and rea-
sonable treatment method after en-bloc resection in GCT
of the distal radius. It shows neither palmar subluxation
nor distal radioulnar separation after surgery up until the
18-month follow-up. We feel that our results may be
associated with the additional reconstruction step of the
dorsal radiocarpal ligament, distal radioulnar ligament,
and extensor retinaculum into our surgical technique to
preserve all anatomical structures while avoiding donor-
site morbidity compared with other methods.
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