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Abstract

Stage Illc Kienbock’s disease is a clinical challenge to treat collapse of the lunate bone. A new reconstructive surgery was
described in one patient using 3D printing lunate prosthesis. The prosthesis shape was designed by tomographic image
processing and segmentation using technology compared with the intact side matched by mirror symmetry and 3D post-
processing technologies. The patient recovered nearly full range of motion of the wrist after 12 months. The visual analog
scale scores and Cooney scores were 2 points and 91 points. We demonstrated that an anatomical reconstruction to Kienbock’s

Disease is possible using 3D printing lunate prosthesis.
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Introduction

The Kienbdck’s disease is caused by avascular necrosis of
the lunate bone [1]. According to the modified Lichtman
radiologic classification, the disease is divided into four
stages. Stage Illc Kienbock’s disease is a clinical challenge
to treat collapse of the lunate bone. It is a complete coronal
plane split regardless of the lunate and wrist morphology
[2,3].

Various methods have been reported to stage Illc, includ-
ing transplant of pedicled pisiform bone, radial resection,
radioscapholunate arthrodesis, scapho-trapezio-trapezoid
arthrodesis and lunate bone replacement, etc [4-8]. Spies
et al. and Unglaub et al. [9, 10] adopted proximal carpal row
carpectomy and partial fusion of the wrist to obtain excellent
clinical results. Bone transplantation cannot originally repair
lunate shape and location. Arthrodesis can decrease the load
and increase bone fusion, however, prevent the movement
of the lunate between the distal rows of the carpal bone. So
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the restoration of anatomical structure and activity of lunate
is a clinical problem.

With the development of three-dimensional (3D) print-
ing, the technology was used to design and create complex
replacement for bone structures [11-13]. If the cartilage of
the radius and capitate were intact, by the way, in Illc after
Lichtman, it is untypical, so the prosthesis replacement sur-
gery is an alternative option. The experimental case is the
first report of 3D printing prosthesis which applied to stage
IIIc Kienbock’s disease. The purpose was to present the new
treatment method and clinical outcome.

Case presentation

A 41-year-old visited to our hospital because of wrist pain
for more than 2 years after an accidental fall. The patient
felt wrist swelling, chronic pain, fatigue, limited activity
in immoderate activity, unable to adhere to heavy manual
jobs. The region of the lunate has a tenderness when pal-
pated. Wrist was limited in each direction, especially in wrist
dorsal extension. Plain radiographs and MRI showed that
the lunate density was uneven and the height and width of
lunate were collapsed when compared with the intact wrist
(Fig. 4a—d). This study was approved by the Ethics Com-
mittee of the Southwest Hospital Affiliated with the Third
Military Medical University. Informed consent was obtained
from the patient. Preoperative MRI and X-rays showed that
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the lunate density was uneven and the height and width of
lunate were collapsed.

The 3D printing technology applied to design and product
lunate prosthesis. The complete data of the affected lunate
were acquired by tomographic image processing and seg-
mentation using 3D CT post-processing technology, and
the intact 3D data of the affected side were obtained by
reconstruction and matching based on mirror technology
and data registration technology. The serious data defects
of the necrotic lunate were repaired using reverse repairing
technology to provide the non-defect data for lunate recon-
struction (Fig. 1).

The new surgical technique was performed in a supine
position under combined spinal epidural analgesia. First, the
necrotic lunate was exposed with the dorsal skin incision and
the lunate bone was resected. The cartilages of capitate and
radius were smooth without the signs of osteoarthritis. The

Fig.2 The necrotic lunate was
resected (a, b); the 3D printing
prosthesis was placed in the
original anatomic position of
the lunate (¢, d)
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necrotic or inflammatory tissues were removed (Fig. 2a, b).
The polyethylene prosthesis tested good matching perfor-
mance of the 3D printing model. The 3D printing prosthesis
was placed in the original anatomic position of the lunate
(Fig. 2c, d). The prosthesis was check to be not dislocated
during dorsal extension, palmar flexion, radial deviation and
ulnar deviation of the wrist (Fig. 3). The dorsal articular
capsule was sutured. The wrist was fixed with a plaster in
the functional position for 4 weeks, and functional exercises
of dorsiflexion and flexion to improve the range of wrist
motion.

The patient was able to use her wrist with mild pain dur-
ing sport activities after 12 months. Weakness and numbness
of the wrist were not observed. Nearly full range of motion
and grasp force of the wrist was obtained (Table 1). Degen-
erative arthritis and prosthetic dislocation on plain radio-
graphs were not showed. The 3D printing lunate prosthesis
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Fig.3 The prosthesis was check
to be not dislocated during dor-
sal extension, palmar flexion,
radial deviation and ulnar devia-
tion of the wrist (a—d)

Table 1 Comparison of wrist ROM and grasp force

The affected wrist The intact wrist

Before surgery At the last visit

Dorsal extension  30.7 54.2 56.3
©

Palmar flexion (°) 28.5 50.5 51.8

Ulnar deviation 10.2 23.8 25.0
©)

Radial deviation 8.6 16.4 18.0
©

Grasp force (kg) 20.4 36.2 39.6

was placed in the original anatomic position (Fig. 4e, ). The
visual analog scale scores and Cooney scores were 2 points
and 91 points.

Discussion

Stage IlIc Kienbock’s disease is a clinical challenge to ana-
tomical reconstruction [14].The common treatment measure
is carpal bone arthrodesis because of decreasing the load
on the lunate bone, however, it might reduce wrist mobility
[15]. If the cartilage of the radius and capitate were intact
in stage IlIc and the surgeon maximum reserve articular

cartilage and joint activity, the matched prosthesis was
designed to apply in the reconstruction.So we attempt to
reconstruct the original model of lunate prosthetic through
3D printing technology.

Actually, most of medical applications of 3D printing
technology has been prosthesis [16]. 3D printing technology
offers a new option to fabricate complex shape and structure
of lunate [17, 18]. The accurate lunate imaging data were
segmented and 3D reconstruct on the basis of CT and MRI.
The intact lunate model was matched by a comparison of
the healthy and affected sides using mirror symmetry and
multidimensional computer reconstruction technology. It
simulated the virtual surgical procedure to certify the oper-
ability of lunate prosthesis implantation. The 3D printing
technology has allowed orthopedists to design and manufac-
ture anatomically matched implants used in surgeries [19].
In the surgery, the 3D printing lunate returned to its original
shape and location. It achieves a tight 3D match between the
three carpal bones, respectively. Fixation stability was certi-
fied by rotating the wrist. The lunate implant position was
checked using C-arm fluoroscopy. The prosthetic interface
was smooth. It showed that the prosthesis provided a sup-
port to carpus after excision of the lunate bone and avoided
adjacent osteoarthritis.

There are some reports for lunate replacement, including
vitallium, acrylic materials or pyrocarbon lunate arthroplasty
[20-22]. However, lunate replacement have not been popular
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Fig.4 Preoperative MRI and
X-rays showed that the lunate
density was uneven and the
height and width of lunate
were collapsed (a—c); the intact
wrist X-ray (d); the 3D printing
lunate prosthesis was placed in
the original anatomic position

(e, )

because of the congruity and inherent instability [2]. The SL
and LT ligaments were cut off and did not repaired after the
prosthesis implantation. The stability of lunate prosthesis
was primarily maintained by the surrounding bony struc-
tures. To prevent the dislocation and prolapse, the articular
capsule was closely repaired and sutured. The plaster was
fixed in the wrist to strength the repair of the articular cap-
sule and the soft tissues and the wrist moved after 4 weeks to
prevent the prosthesis dislocation. Compared with previous
reports about lunate implantation, the 3D printing prosthesis
shows the preservation of adjacent congruity. We believe 3D
printing lunate prosthesis provides a reliable option to stage
IIIc Kienbdck’s disease by preserving lunate anatomy and
the mobility of the wrist. The individualized 3D-printing
lunate prosthesis might be designed according to the vari-
ation of lunate functional anatomy and the Wolf Law by
composite computer information technologies in the future.

The interesting result is that an anatomical reconstruction
to Kienbock’s disease is possible using 3D printing lunate
prosthesis.

Compliance with ethical standards

Conflict of interest All authors declared that they have no conflict of
interest.

@ Springer

Funding The 3D printing prosthesis was provided by the funding a
funding source from the National Key Research and Development of
China (2016YFC1100500).

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Wagner JP, Chung KC (2005) A historical report on Robert
Kienbock (1871-1953) and Kienbock’s disease. J Hand Surg Am
30:1117-1121

2. Bain GI, Yeo CJ, Morse LP (2015) Kienbock disease: recent
advances in the basic science, assessment and treatment. Hand
Surg 20:352-365


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Archives of Orthopaedic and Trauma Surgery (2018) 138:447-451

451

10.

11.

12.

Lichtman DM, Lesley NE, Simmons SP (2010) The classification
and treatment of Kienbock’s disease: the state of the art and a look
at the future. J Hand Surg Eur Vol 35:549-554

Bain GI, Ondimu P, Hallam P et al (2009) Radioscapholunate
arthrodesis—a prospective study. Hand Surg 14:73-82

Tatebe M, Koh S, Hirata H (2016) Long-term outcomes of radial
osteotomy for the treatment of Kienbock disease. J] Wrist Surg
5:92-97

Salt O, Sayhan MB (2016) Avascular necrosis of lunate bone:
Kienbock disease. Am J Emerg Med 34:1185 (e1185-1186)
Torio ML, Kennedy CD, Huang JI (2015) Limited intercarpal
fusion as a salvage procedure for advanced Kienbock disease.
Hand (N Y) 10:472-476

Kolovich GP, Kalu CM, Ruff ME (2016) Current trends in treat-
ment of Kienbock disease: a survey of hand surgeons. Hand (N
Y) 11:113-118

Spies CK, Hohendorff B, Miiller LP et al (2016) Proximal carpal
row carpectomy. Oper Orthop Traumatol 28:204-217

Unglaub F, Langer MF, Unglaub JM et al (2017) (Partial) fusion
of the wrist: indications and surgical procedures. Oper Orthop
Traumatol 28:204-217. (Unfallchirurg 120:513-526)

Trombetta R, Inzana JA, Schwarz EM et al (2017) 3D printing of
calcium phosphate ceramics for bone tissue engineering and drug
delivery. Ann Biomed Eng 45:23-44

He HY, Zhang JY, Mi X et al (2015) Rapid prototyping for tissue-
engineered bone scaffold by 3D printing and biocompatibility
study. Int J Clin Exp Med 8:11777-11785

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Jeong HS, Park KJ, Kil KM et al (2014) Minimally invasive plate
osteosynthesis using 3D printing for shaft fractures of clavicles:
technical note. Arch Orthop Trauma Surg 134:1551-1555
XuY,LiC, Zhu Y (2015) A novel nickel-titanium memory alloy
arthrodesis concentrator for the treatment of stage IllIc asep-
tic lunate necrosis (Kienbock’s disease). ] Hand Surg Eur Vol
42:90-103

Lutsky K, Beredjiklian PK (2012) Kienbock disease. ] Hand Surg
Am 37:1942-1952

Kuehn BM (2016) Clinicians embrace 3D printers to solve unique
clinical challenges. JAMA 315:333-335

MacDonald E, Wicker R (2016) Multiprocess 3D printing for
increasing component functionality. Science 353:2093

Savage N (2016) Technology: the promise of printing. Nature
540:S56-S57

Lee N (2016) The Lancet Technology: 3D printing for instru-
ments, models, and organs? Lancet 388:1368

Swanson AB, de Groot Swanson G (1993) Implant resection
arthroplasty in the treatment of Kienbock’s disease. Hand Clin
9:483-491

Lippman EM, Mc DL (1949) Vitallium replacement of lunate in
Kienbock’s disease. Mil Surg 105:482—484

Bellemere P, Maes-Clavier C, Loubersac T et al (2012) Pyrocar-
bon interposition wrist arthroplasty in the treatment of failed wrist
procedures. J Wrist Surg 1:31-38

@ Springer



	3D printing lunate prosthesis for stage IIIc Kienböck’s disease: a case report
	Abstract
	Introduction
	Case presentation
	Discussion
	References


