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Abstract

BACKGROUND

Giant cell tumor (GCT) is a benign lesion and rarely involves the patella. This
disease is characterized by a relatively high recurrence rate after primary
treatment. En bloc resection has been a predominant option for recurrent GCT.
However, total patellectomy can lead to disruption of the knee. Therefore,
exploration of functional reconstruction of the extensor mechanism is worthwhile.

CASE SUMMARY

A 54-year-old woman presented with right knee pain and swelling, and was
diagnosed as having a GCT in the patella following curettage and autograft.
Medical imaging revealed a lytic and expanded lesion involving the whole patella
with focal cortical breaches and pathological fracture. Based on the combination of
histological, radiological, and clinical features, a diagnosis of recurrent GCT in the
patella was made (Campanacci grade III). After a multidisciplinary team
discussion, three-dimensional (3D)-printed custom-made patellar endoprosthesis
was performed following en bloc resection for reconstructing the extensor
mechanism. The patient was followed for 35 mo postoperatively. No evidence of
local recurrence, pulmonary metastasis, or osteoarthritis of the right knee was
observed. The active flexion arc was 0°-120°, and no extension lag was detected. A
favorable patellar tracking and height (Insall-Salvati ratio 0.93) were detected by
radiography.
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Wang ] et al. Case report of patellar endoprosthesis

CONCLUSION

We depict a case of a GCT at the right patella, which was successfully treated by
patellectomy and 3D-printed custom-made endoprosthetic replacement. The
patella normal reconstruction, the precise-fit articular design, and gastrocnemius
flap augmentation could lead to satisfactory knee function and a low rate of
complications in the short-term follow-up.

Key Words: Giant cell tumor of bone; Patellectomy; Three-dimensional-printed;
Endoprosthesis; Biological reconstruction; Extensor mechanism; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The history of allogenic patellectomy has been a predominant option for
recurrent giant cell tumor of the patella for decades. Although many reconstructive
methods were reported following patellectomy, much needs to be researched for better
knee function and fewer complications. Our study is a pioneering case using three-
dimensional-printed custom-made patella, which could be able to minimize
complications and improve knee function. What’s more, a review of the previous
relevant research and the potential future avenues of research related to the novel
introduction of reconstructive methods following patellectomy cases was performed.

Citation: Wang J, Zhou Y, Wang YT, Min L, Zhang YQ, Lu MX, Tang F, Luo Y, Zhang YH,
Zhang XL, Tu CQ. Three-dimensional-printed custom-made patellar endoprosthesis for
recurrent giant cell tumor of the patella: A case report and review of the literature. World J Clin
Cases 2021; 9(11): 2524-2532

URL: https://www.wjgnet.com/2307-8960/full/v9/i1 1/2524 htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i11.2524

INTRODUCTION

Giant cell tumor of bone (GCTB) is a benign lesion with local aggressive nature and a
relatively high recurrence rate after primary treatment!l. The majority of GCTBs are
located in the epiphyseal regions of long bones, with the sacrum or spine being the
second most common site, while rarely involving the patellall. Generally,
intralesional curettage and cementation are suitable for patients with Campanacci
grade I or II GCTBs!. As for Campanacci grade III or recurrent GCTBs, en bloc
resection has been a predominant option to reduce the incidence of recurrence*’l.
However, the patella is a crucial component of the extensor mechanism. Total
patellectomy without following proper reconstruction can lead to disruption of the
knee joint. Therefore, exploration of functional reconstruction of the extensor
mechanism is worthwhile.

Several methods for the reconstruction of extensor mechanisms have been applied,
such as end-to-end suture of the quadriceps tendon and patellar tendonl,
allograftingt””, and autografting!’?. Although these procedures have been reported
to lead to reasonable functional outcomes, each has its corresponding disadvantages,
such as donor site morbidity, extensor lag, disease transmission, and graft rejection.
We proposed the introduction of three-dimensional (3D)-printed custom-made
patellar endoprosthesis that can reconnect the quadriceps tendon and patellar tendon
properly, and therefore restore acceptable postoperative lower-limb function. To our
best knowledge, no study has been performed on this subject. The present paper
describes detailed endoprosthesis design and surgical techniques in total patellar
replacement for a patient with a recurrent Campanacci III GCTB.

CASE PRESENTATION

Chief complaints
In October 2017, a 54-year-old woman presented with a 4-mo history of progressive

2525 April 16,2021 | Volume9 | Issuell |


http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i11/2524.htm
https://dx.doi.org/10.12998/wjcc.v9.i11.2524

Wang ] et al. Case report of patellar endoprosthesis

Received: September 4, 2020
Peer-review started: September 4,
2020

First decision: December 21, 2020
Revised: January 4, 2021
Accepted: February 10, 2021
Article in press: February 10, 2021
Published online: April 16, 2021

P-Reviewer: Borakati A, Paul S
S-Editor: Gao CC

L-Editor: Wang TQ

P-Editor: Wu YX]

Jaishideng®

WJCC | https://www.wjgnet.com 2526

right knee pain and swelling.

History of present illness
No other health conditions were reported.

History of past illness

One year before visiting our outpatient department, the patient had been diagnosed as
having Campanacci grade I GCTB of the patella at another institution. The curettage of
the lesion and iliac autografting were performed, and the pain was relieved. During
her visit to our department, the physical examination revealed mild swelling and
slight tenderness in the anterior aspect of the right knee.

Personal and family history
The patient’s father had hypertension.

Physical examination

The Visual Analog Scale (VAS)"! score was 6. The affected knee flexion arc was 20°-
80°, and 20° of extension lag was found. Meanwhile, the strength of an active knee
extension was 3 of 5 in the muscle manual test. The Musculoskeletal Tumor Society
(MSTS-93) scalel'!! score was 13. No osteoarthritis occurred.

Laboratory examinations
The patient has an AB blood type. Routine blood count and coagulation profile for the
patient were within normal limits.

Imaging examinations

Plain radiograph revealed a lytic and expanded lesion involving the whole patella
with focal cortical breaches and pathological fracture (Figure 1A). Computed
tomography (CT) delineated the lesion (Figure 1B). The lesion on magnetic resonance
imaging (MRI) was T2-hyperintense with small multiple fluid pockets (Figure 1C).
There were areas with hemorrhagic component and cortical breach. Technetium-99m
hydroxy methylene diphosphonate bone scintigraphy revealed a thin-rimmed
doughnut pattern (Figure 1D). Chest CT detected no pulmonary metastasis.

FINAL DIAGNOSIS

A biopsy confirmed the diagnose of Campanacci grade III GCTB with aneurysmal
bone cyst (Figure 2)!'.

TREATMENT

After a multidisciplinary team discussion, patellectomy was made. To reconstruct the
extensor mechanism, reconstruction with 3D-printed custom-made patellar
endoprosthesis was performed following en bloc resection.

OUTCOME AND FOLLOW-UP

Postoperatively, the affected knee was immobilized in a plaster splint for 4 wk, and
then passive extension and flexion were undertaken for 2 wk. After that, active
extension and flexion were encouraged. The patient was allowed toe-touch weight-
bearing within 6 wk and partial weight-bearing at 6-12 wk postoperatively. At the 35-
mo follow-up, no evidence of local recurrence or pulmonary metastasis was observed.
The patellofemoral joint showed no osteoarthritis on plain radiographs (Figure 3A).
The active flexion arc was 0°-120° (Figure 3B), and no extension lag was detected.
Meanwhile, the strength of the active extension was 5 of 5 in the muscle manual
test —the postoperative MSTS-93 score 29. The VAS score was 0. A favorable patellar
tracking was detected by patellar axial radiography (Figure 3C). The Insall-Salvati
ratio (ISR)!"! was 0.93 (3.81/4.09) (Figure 3D). The reconstruction with 3D-printed
custom-made patellar endoprosthesis after total patellectomy can reconnect the
quadriceps tendon and patellar tendon properly, restoring acceptable postoperative
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Figure 1 Preoperative radiographic results. A: Conventional radiology, anterior posterior and lateral planes; B: Computed tomography scan, axial plane; C:
Magnetic resonance imaging, axial T2; D: Bone scintigraphy.
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Figure 2 Pathological results. A: Pathological specimen of the patella showed spindle-shaped mononuclear cells with osteoclastic giant cells (hematoxylin-
eosin, x 200); B: Immunohistochemical expression of phosphoglucomutase 1 in tumor cells (x 200).

lower-limb function.

DISCUSSION
To date, total patellectomies have been reported in treating Campanacci grade III
GCTB or malignant neoplasms arising from the patella®**'"'“l. To repair the

consequent defect in the extensor mechanism, several reconstruction methods
including end-to-end suture of the quadriceps tendon and patellar tendon!”,
allografting®”¥, and autografting!”'! have been proposed. Still, each of them has its
demerits (Table 1)B4171,

The end-to-end suture of the quadriceps tendon and patellar tendon leads to the
shortage of extensor mechanism and limits the range of motion (ROM) of the knee.
The autografting utilizing tendon grafts lengthens the extensor mechanism.
Nevertheless, the donor site morbidities and insufficient mechanical property still limit
its application. Allografting with the patella and its apparatus was reported with
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Table 1 Literature review of patellectomy for giant cell tumor

No. of Enneckin Follow-u ; - Ame(F
Ref. . g P Reconstruction Clinical outcomes Complications

patients  stage (yr)
Mercuri 4 3 Average Not mentioned All had full motion; no One local recurrence
et all'”! 185 instability; no limping underwent amputation
Agarwal 9 3 Average Five had free fascia lata strip Extensor lag of 10°-20°; average ~ Benign pulmonary
etall™®! &3 graft active ROM 80° metastasis
Malhotra 1 3 3 Patella bone tendon allograft Knee ROM 80°; no extensor lag; -
et all! no pain
Gormeli 1 3 1 Achilles allograft ROM 110° flexion; strength loss -
et all"] 51.1% in extensor and 21.1% in

flexor
Tripathy 1 3 2 End-to-end repair of ROM 130°% normal gait No local recurrence or
et all’] quadriceps to the patellar distant metastasis
tendon

ROM: Range of motion.

Figure 3 Postoperative radiographic results. A: Conventional radiology, anterior posterior and lateral planes; B: Active flexion arc was 0°-120° without
extension lag; C: Patellar axial radiography in maximum knee flexion (120°); D: Patella height.

acceptable function. However, disease transmission and graft rejection are not
uncommon. Additionally, the difficulty in vascularization of the patellar allograft can
imperil the allograft's long-term durability®. So far, there has been no unanimous
view on the prior therapeutic method among them, and the new approach is under
exploration. With the advent of computer-aided design techniques and the
improvement of 3D printing technology, reconstructing complex bone defects with
custom-made endoprosthesis has become feasiblel’ 2. Therefore, we performed a
reconstruction using a 3D-printed custom-made patellar endoprosthesis for a defect in
the extensor mechanism following total patellectomy. We found that the postoperative
function was satisfactory with no incidence of complications.

The endoprosthesis was designed by our clinical team and fabricated by Chunli Co.,
Ltd. (Tongzhou, Beijing, China). Building virtual 3D models of the affected patella,
distal femur, proximal tibia, and contralateral patella was the first step, importing 3D-
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CT data into Mimics V22.0 software (Materialise Corp., Leuven, Belgium). The mirror
model of the normal contralateral patella was generated as the endoprosthesis
prototype, and we measured the largest transverse diameter, suprainferior diameter,
and patella height of the unaffected patella. The location of the prototype was
determined as the natural location of the patella at full knee extension. After that, we
adjusted the prototype's orientation to conform to the right track of endoprosthesis
along the trochlear groove. The articular surface was then modified according to the
cartilage model built from the MRI data (Figure 4A). The endoprosthesis was
composed of a metal component and an ultrahigh-molecular-weight polyethylene
(Orthoplastics Ltd., Lancashire, United Kingdom) component. To assemble the two
parts tightly, a specialized polyethylene lock structure was embedded into the metal
component. The design of a 2-mm-extended margin of the endoprosthesis enables
flexible adjustment of peri-patellar soft tissue tension. Finally, suture holes were
distributed along the margin of the endoprosthesis to secure the extensor mechanism
and retinaculum. The ultrahigh-molecular-weight polyethylene component was
manufactured by computerized numerical control engraving technology. The metal
component was fabricated by electron beam melting technology (ARCAM Q10 plus,
Molndal, Sweden) (Figure 4B).

During the surgery, the patellectomy was performed first (Figure 5A). Then, we
assembled the two components of the patellar endoprosthesis after ensuring the
feasibility of suturing the retinaculum to the endoprosthesis with appropriate tension.
The intraoperative soft tissue reconstruction is as important as the endoprosthesis
feature design because this procedure also determines patellar tracking and the
tension of the extensor mechanism. The patella height was confirmed by the ISR. The
patella tracking was checked by the ‘no thumb technique” with flexing the knee joint
from 30° to 90°*l. The endoprosthesis was then stabilized at the natural location at full
knee extension. The Number 5 Ethibond™ (Ethicon Inc, Somerville NJ, United States)
sutures were woven into the suture holes and retinaculum but without knotting till all
the sutures were placed. Thereafter, the distal edge was fixed tightly at the priority,
followed by the proximal edge. We then secured the medial and lateral edges to
patella retinacula simultaneously to counterbalance peri-patellar tension. After
obtaining a considerable prosthetic height and tracking, all the sutures were knotted
simultaneously. The 3D-printed custom-made endoprosthesis fit the defect in the
extensor mechanism and was secured by nonabsorbable sutures (Figure 5B). However,
the maximal forces across the quadriceps tendon have been recorded at 3200 N,
whereas those across the patellar ligament are 2800 N*.. To strengthen the fixation, we
specified the suture holes with a thickened and rounded bridge to enhance the
durability. The inverting suture was performed to protect the sliding between
superficial and deep fascia surrounding the endoprosthesis. Finally, the rotation of
gastrocnemius myocutaneous flap enabled early soft tissue coverage and augmented
the extensor mechanism!*!.

The natural location of the patella is associated with a reasonable function. The
patella is an essential component of the extensor mechanism to improve quadriceps
efficiency by increasing the extensor mechanism's lever arm so that the last 15° from
flexion to the full extension can be obtained more efficiently™!. Hence, the deficiency of
the patella and lengthened extensor mechanism can cause extensor lag and jeopardize
postoperative function®.In our application, the anatomical feature of the
endoprosthesis, the preservation of quadriceps tendon and patellar tendon, the right
location and well retinaculum reconstruction enabled by extended 2-mm-surrounding-
edge, and the confirmation of the full extension of the knee joint during suture
procedure allow for reconstructing the patella in situ to maximize the mechanical
properties of the extensor mechanism. As a result, the extensor lag of 0°, the ROM of
120°, and the MSTS score of 29 are acceptablel”"l.

The specially modified articular surface of the patella reduces the degeneration of
the patellofemoral joint. During flexion to full extension of the knee joint, the
compression force on the patellofemoral joint is tremendous™.. Previously, Berkmortel
et al”! demonstrated that only the material with modulus below approximately 300
MPa significantly reduced cartilage contact stresses to more desirable levels. At
present, only several materials fulfill this demand, and their long-term fatigue
performances are not fully addressed. As a result, with the ability to reduce
endoprosthesis weight and the possibility for strength and wear properties, ultrahigh-
molecular-weight polyethylene was applied in our endoprosthesis and covered all the
articular surfaces!””!l. Meanwhile, the modification of the articular surface integrated
the cartilage and obtained a reasonable matching degree to the articular surface of the
femoral trochlear to enlarge the contact area so that the contact stress can be
minimized, providing a preliminary basement for good tracking of the patellar
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Figure 5 Specimen photos and intraoperative image. A: Total patellectomy; B: Soft tissue reconstruction.

endoprosthesis™ . Consequently, no wound complication occurred, and the patient
acquired full strength of active knee extension.

This study had several limitations. First, the patella tendon reconstruction was not
included in our procedure, which might lead to more incredible difficulty. In that
situation, autografting with tendons would be added. Second, the follow-up duration
was short, and unknown drawbacks might occur in the long term. We will need to
follow this patient over a longer period to see whether the generally good results that
we observed will endure over time, especially the integration between the
endoprosthesis and the host tendon. Third, although ultrahigh-molecular-weight
polyethylene was applied in our endoprosthesis design, it still had relatively high
modulus compared to cartilage. Therefore, investigating novel materials in the
articular surface to prevent cartilage degeneration is required in such hemiarthrop-
lasty. Finally, with one patient included in this study, it is insufficient to verify the
advantages of the endoprosthesis. Larger multicenter studies are needed to compare
this approach with other types of reconstruction. Despite these shortcomings, this case
study may provide a valuable direction for further studies.

CONCLUSION

The 3D-printed custom-made endoprosthetic replacement may be a feasible
therapeutic option for the reconstruction following total patellectomy. The patella
normal reconstruction, the precise-fit articular design, and the augmentation with
gastrocnemius flap could lead to good knee function and a low complication rate.
However, as we have presented only short-term follow-up outcomes, this technique's
long-term efficacy regarding postoperative knee function and degeneration is yet to be
clarified.
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