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3D preoperative plan assisted total
knee arthroplasty after knee arthrodesis
with patella absence: a case report
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Abstract

Purpose The conversion of knee arthrodesis to total knee arthroplasty (TKA) is a challenging procedure. This article
aims to report a case of fusion knee with patellar absence who was converted to TKA and has achieved good results.

Methods The patient, a 23 years old Tibetan Buddhist monk, sustained a left knee joint injury at the age of 12 due

to a car accident, leading to subsequent knee arthrodesis at 18 years old as a result of recurrent severe infections.
However, this procedure hindered his ability to perform daily meditation practices that required bending both knees
and sitting cross-legged. After adequate preoperative preparation, with the help of customized osteotomy guide
plate and customized 3D-printed porous tantalum patella, the 3D preoperative plan assisted TKA after arthrodesis was
performed. The knee function was followed up to explore the clinical effect of above-mentioned surgical procedure.

Results A 1-year follow-up showed significant improvement in postoperative knee function with improved scores for
function outcomes, and the patient was satisfied with the conversion. The patient’s left knee improved significantly
from preoperative immobility with 5° of fixed fusion to postoperative ROM of 0° to 100°, and the patient could squat
and stand up, walk on the flat ground, and go up and down stairs.

Conclusion Adequate preoperative communication with patients and good expectation management are crucial
for ensuring favorable prognoses. Perfect preoperative planning and its reliable implementation during operation are

essential. Additionally, postoperative rehabilitation and proactive management of complications play pivotal roles in
achieving optimal clinical outcomes.

Level of evidence |V.
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Introduction

The knee arthrodesis is mainly used in destructive knee
infection or trauma, which could improve the stability
of knee joints and reduce pain [1]. Even the knee arthro-
plasty has been widely accepted, the arthrodesis is still
applicable for some special occasion. However, the fusion
of knee joint could cause severe loss of joint mobility
and low quality of life. In addition, the negative impact
of knee arthrodesis on patients’ social function cannot
be ignored. It is reported that about 17 of 30 patients
with knee arthrodesis have attempted suicide because
of discrimination [2]. In some cases, it may be an option
to convert the previous knee arthrodesis to total knee
arthroplasty (TKA) [3]. Therefore, when facing with seri-
ous functional defects, discomfort of the fusion knee,
poor quality of life, or extremely high expectation of knee
mobility, we may convert the knee arthrodesis into TKA
[4].

The conversion of knee arthrodesis to TKA is an
extremely challenging surgical procedure. Sufficient soft
tissue and an integrated knee extensor mechanism are
essential for conversion [1]. Previous literature shows that
its postoperative complications of even more than 50%
[1, 5-7]. The purpose of this study is to report a case of
fusion knee with patellar absence who was converted to
TKA with good results.

Case report

Medical history

The case reported a 23-year-old male patient. He had a
car accident when he was 12 years old, which injured his
left knee joint and came up with serious knee infection.
Because of the difficulty of routine treatment for infec-
tion, he had multiple surgeries and at last he had left knee
arthrodesis in another hospital at the age of 18. The post-
operative soft tissue healing and bone fusion were good.
As a Tibetan Buddhist monk, the patient’s daily practice
requires meditation that needs to bend both knee joints
and sit cross-legged, which were not possible because of
the knee arthrodesis. The preoperative infection-related
test results of the patient are shown in Table 1.

Table 1 Preoperative and postoperative infection-related test

results
Date WBC NEU CRP ESR
(10°L) (10°/L) (mg/L) (mm/h)

Pre-operation (3rd Day) 4.1 29 24 3
Post-operation (1st Day) 11.9 1.3 8.7 2
Post-operation (3rd Day) 77 6.5 6.4 2
Post-operation (5th Day) 45 3.0 40 7
Post-operation (7th Day) 7.2 56 75.7 24
Post-operation (9th Day) 44 3.11 114.0 37

Post-operation (11th Day) 52 3.7 583 27

WBC: White blood cell; NEU: Neutrophil; CRP: C-reactive protein; ESR:
Erythrocyte sedimentation rate
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Examination

The left lower limb was significantly shorter than that
of the opposite side, with scoliosis; the left quadriceps
femoris was obviously atrophic, with muscle strength of
grade V (MRC scale); two old surgical scars with longitu-
dinal length of about 15 cm and 7 cm could be seen at
the left knee joint; the patella could not be touched; the
left knee joint had no degree of motion before operation,
and it was about 5° fusion with knee flexion (Fig. 1). The
patient could walk up and down stairs after compensa-
tion (Video 1).

Preoperative plan

Three-dimensional (3D) reconstruction was performed by
using the patient’s preoperative computed tomography
(CT) data (1 mm slice thickness scan at the knee joint and
3 mm slice thickness scan at other parts to reduce the
radiation) through the Mimics Research software (Version
19.0, Materials Inc., Belgium). With the help of CATIA (Ver-
sion 5.20, Dassault Systémes Inc., France) and Siemens NX
(Version 12.0, Siemens PLM Software Inc., Germany), the
patients were provided with personalized 3D preopera-
tive planning [8, 9], customized personalized osteotomy
guide plate and 3D-printed porous tantalum patella [10]
(Fig. 2).

Customized osteotomy guide plate Since the joint line
of the patient moved down and was not easy to distin-
guish, it was relatively difficult to determine the height
of the osteotomy plane. We found the relatively accurate
mechanical axis of the femur by mirroring the opposite
femur, determined the vertical osteotomy plane of the dis-
tal femur according to the mechanical axis, and adjusted
the final position of the osteotomy plane according to the
relatively fuzzy fusion surface, which called plane A; found
the relatively accurate mechanical axis of the tibia through
the mirror image of the opposite tibia, determined the
vertical osteotomy plane of the proximal tibia according
to the mechanical axis, and adjusted the final position
of the osteotomy plane according to the relatively fuzzy
fusion surface, which called plane B; we were surprised to
find that plane A and plane B were almost identical, which
will be collectively referred to as plane C. According to the
osteotomy plane C and the bony sign at the front of the
fusion knee, the corresponding osteotomy guide plate
was designed and printed; calculated the depth of oste-
otomy on the plane C to reduce the risk of vascular and
nerve injury.

Customized 3D-printed porous tantalum patella We
referred to the thinnest patellar polyethylene prosthesis
to fabricate 3D-printed porous tantalum patella. Porous
pure tantalum structure design was adopted, with wire
diameter 0.35 mm and pore size ranging 450-500 pm.
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Fig. 1 A and B are the front and side views of the old surgical scar respectively; C and D are the full-length anteroposterior and lateral radiographs of the
lower limb before operation; E shows the preoperative 3D reconstruction image, showing the shortening of the left lower limb and the absence of patella
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405.3259 mm

336.8114mm’

Fig. 2 A shows personalized osteotomy guide plate; B shows the simulated femoral prosthesis; C shows the simulated assembled tibial prosthesis; D
shows customized tantalum patellar base; E and F show tantalum patellar base with conventional polyethylene components; G and H are the general
schematic diagram of knee joint after conversion; I shows the overall view of the lower limb after conversion

The porosity was 85%. The polyethylene surface and back
were designed as trabecular structure to facilitate the
fixation of polyethylene components with bone cement
and the growth of soft tissue. Biomechanics was used to
measure the tension and compressive stress it could bear,
and the thickness of the thickest part in the center was
determined as 8 mm. Fifteen round holes were designed
around the base of the tantalum patella for suture, with
an aperture of 2.8 mm. Using 3D printing technology to

print the designed tantalum patellar base according to
the original scale and the reduced scale of 3%.

Intraoperative condition
Preparation and exposure The patient received com-
bined spinal and epidural anesthesia. The tourniquet was
placed at the root of his left thigh and the pressure was set
at 300 mmHg.

The knee was cut anteriorly along the original median
length of 15 cm layer by layer to the joint. Then, a tibial
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tuberosity osteotomy of approximately 7 cm in length
was performed (Fig. 3A).

Osteotomy using the guide plate Referring to the printed
knee joint model, the osteotomy guide plate was fixed at
the predetermined position during operation, and then a
graduated osteotome was applied to drive along the oste-
otomy gap to the predetermined depth, and carefully cut
off the posterior cortex of the knee joint to avoid damag-
ing the posterior blood vessels and nerves (Fig. 3B-C). An
intramedullary locator was used to determine the plane of
the proximal tibial osteotomy in the knee flexion position
to complete the tibial osteotomy.

Gap balance method The testing of the flexion-extension
gap after the tibial osteotomy revealed that the exten-
sion gap was almost non-existent and the flexion gap
was also small. Based on this result, a further tibial oste-
otomy was performed and the posterior joint capsule was
released. Then, the gap-balance method [11] was used to
perform distal femoral osteotomy until the extension gap
was satisfied (Fig. 3D-E). The size of the femur was mea-
sured, and the osteotomy of femoral posterior condylar
was also completed by gap-balance method [11]. At this
time, the flexion and extension gaps were balanced. After
completing the above steps, the prosthesis test mold was
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installed. Tests showed that the flexion and extension
activities were satisfactory.

Test of the patellar prosthesis The tantalum patellar base
and patellar polyethylene test mold were placed at the
horizontal position of the joint line of the knee extensor
mechanism, and the patellar tracking was tested. The
tantalum patellar base was firmly sutured with two ultra-
strong wires (Fig. 3F).

Prosthesis installation and tubercle fixation Because of
the long duration of knee fusion and the incapability of
testing the strength of the lateral collateral ligament, a
short rod semi-restrictive prosthesis (NexGen LCCK, Zim-
mer Biomet, USA) was used. After washing, the prosthesis
was fixed with bone cement, and the polyethylene com-
ponent of patella was fixed on the tantalum patellar base
(Fig. 3G). The pad was placed, and the knee extension
position was maintained until the bone cement was com-
pletely solidified. Three embedded steel wires were used
to bind and fix the tibial tubercle (Fig. 3G). The ROM of the
knee joint tested was 0° to 90° (Fig. 3H-I).

Intraoperative bleeding and operation time The total
operation time was 210 min, the first tourniquet time was
109 min, and the second tourniquet time was 63 min.

Fig. 3 A shows the tibial tubercle after osteotomy; B shows the installation of osteotomy guide plate; C shows osteotomy using osteotome; D shows the
measurement of the extension gap with the spacer block; E shows the determination of distal femoral osteotomy line; F shows fixed tantalum patellar
base; G shows prosthesis installation; H shows that the knee joint is completely straightened after operation; I shows knee flexion after operation



Liu et al. BMC Musculoskeletal Disorders (2024) 25:964

Postoperative condition

The full-length radiographs of the lower limb showed
that the alignment of the lower limb and the alignment
of the prosthesis were good (Fig. 4). At one week after
operation, the wound healed, and the patient began to
bend and stretch without weight-bearing and walk with
partial weight-bearing when getting out of bed. At 6
weeks after operation, the ROM was about 0° to 90°. The
patient could walk on the flat ground with full weight-
bearing when wearing brace, but there was a lag in knee
extension (Video 2). At 3 months after operation, the
knee extension lag disappeared, and the patient could
walk on the flat ground and go up and down stairs (Video
3). At the same time, the patient was finally able to com-
plete one daily meditation that needs to bend both knee
joints and sit cross-legged after the fusion procedure. At
4 months after operation, the ROM was about 0° to 100°,
and the patient could squat and stand up, walk on the flat
ground, and go up and down stairs (Video 4). The knee
movement function was significantly improved com-
pared with those before the operation (Video 5). In addi-
tion, the patient was evaluated by knee function scores,
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including the Hospital for Special Surgery scores (HSS),
the Knee Society Score (KSS), the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC), the
Knee injury and Osteoarthritis Outcome Score (KOOS)
and the36-item Short-Form for Health Survey Question-
naire (SF-36), 2 days preoperatively and 1 year postopera-
tively, and the results of comparing the scores between
the two periods showed a significant improvement in the
patient’s knee function, which the patient was very sat-
isfied with (Table 2). The postoperative infection-related
test results of the patient are shown in Table 1. It should
be noted that the patient’s C-reactive protein and eryth-
rocyte sedimentation rate indexes increased from the
seventh postoperative day, due to excessive postopera-
tive rehabilitation exercise. After the subsequent reduc-
tion of activity, both indicators fell to the normal range.
Throughout the whole period, the patient’s incision was
free of obvious redness, swelling, pain and temperature
increase.

Fig.4 A, B shows the full-length anteroposterior/lateral radiograph of lower limb 2 days after operation, respectively; C, D shows the full-length antero-
posterior/lateral radiograph of lower limb one year after operation, respectively
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Table 2 Comparison of patient reported outcome measures
Pre-operation (2 Post-op-

Days) eration
(1 Year)
HSS 72 94
KSS Knee 75 90
Function 90 90
WOMAC Pain 100 95
Stiffness 56 94
Function 76 93
KOOS Pain 100 97
Symptoms 43 96
ADL 79 96
Sport/Rec 50 80
QOL 44 88
SF-36 Physical Functioning 55 85
Role-Physical 50 100
Bodily Pain 74 84
General Health 62 77
Vitality 30 45
Social Functioning 75 100
Role-Emotional 100 100
Mental Health 76 76
Reported Health Transition 50 100

HSS: Hospital for Special Surgery scores; KSS: Knee Society Score; WOMAC:
Western Ontario and McMaster Universities Osteoarthritis Index; KOOS: Knee
injury and Osteoarthritis Outcome Score; SF-36: 36-item Short-Form for Health
Survey Questionnaire. Higher scores indicate better performance. WOMAC
scores were standardized as a range from 0 (worst) to 100 (best) according to
current guidance [21]

Discussion

Adequate preoperative communication and good expec-
tation management are the solid foundation for opti-
mistic prognosis. In this case, the patient was a Tibetan
Buddhist monk who often needs to meditate during his
daily practice, which required bending his knees and
sitting cross-legged. Objectively speaking, his previous
knee fusion was painless and strong, but the patient’s
expectation of sitting cross-legged due to the need
of belief was extremely high. After fully communicat-
ing with the patient and his relatives about the possible
complications of the operation and the long and ardu-
ous postoperative recovery process, we believed that the
patient’s subjective demands and religious beliefs should
be respected and his dream of meditation should be real-
ized while ensuring that the operation was relatively safe
and controllable.

Perfect preoperative planning and its reliable imple-
mentation during surgery are essential. Preoperatively,
the design of a 3D printed porous tantalum patella base
needs to be completed and simulated osteotomies need
to be performed using personalized 3D preoperative
models [8, 9]. Intraoperatively, personalized 3D printed
osteotomy tools are required as a guarantee of accurate
osteotomy planning [10]. In addition to the above factors,
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the following issues are also the key to ensure the effec-
tiveness of the procedure.

The first is the exposure of joints. The tibial tubercle
osteotomy was performed to ensure good exposure. It is
reported that 45-100% of the conversions require tibial
tubercle osteotomy [12].

The second is the choice of prosthesis. Even though
the lateral collateral ligament is stable under anesthesia
during operation, its future stability is still unpredictable
due to long-term knee fusion. So if the ligament is stable
during operation, semi-restrictive implants can be used
[4]. However, the collateral ligament was often damaged
in the previous fusion, with a proportion of 43-48%. In
this case, it is necessary to prepare a completely restric-
tive prosthesis [12-14]. In this case, we used the gap-
balanced method for osteotomy, and the ligaments were
complete, so the semi-restrictive prosthesis was selected.
But we prepared the fully restrictive prosthesis before the
operation to prevent any accidents.

The third is the absence of patella. Extensor mecha-
nism is an important factor affecting the postoperative
effect [4]. Previous studies have shown that about 17%
of patients have patellar loss after fusion [13-15]. In this
case, the patient’s patella was completely absent. In order
to reconstruct a high-quality knee extensor mechanism,
we used our unique porous pure tantalum 3D printing
technology to customize the patellar base, and combined
with conventional patellar polyethylene components to
replace the absent patella. With its unique physical and
chemical properties, excellent biological inertness and
biocompatibility, tantalum metal has become a new bio-
logical material after titanium metal [16, 17]. A large num-
ber of literatures have confirmed that pure tantalum as
a human implant has not had adverse reactions [17, 18].
The patient was followed one year after operation, and
the imaging position of tantalum metal did not change.
We did not use the patellar base products from Zimmer,
such as its Trabecular Metal Augmentation Patella, in
order to design smaller and thinner patellar prosthesis as
far as possible to reduce the tension of the incision and
improve the success rate of implantation.

The fourth is the consideration of the tolerance of knee
joint soft tissue. The patient needs to implant customized
patella, which would increase the tension of soft tissue in
front of the knee, and rehabilitation exercise is required
after operation, resulting in increased possibility of diffi-
cult incision closure and poor healing [13]. To this end, on
the premise of ensuring sufficient strength, we reduced
the thickness and size of customized patella before oper-
ation. During the operation, the joint capsule was tightly
sutured with techniques such as tension reduction and
dislocation to reduce leakage, and the tourniquet was
loosened to check the blood supply of the local skin and
ensure that the skin was ruddy after the subcutaneous
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and skin sutures were completed. The blood was stopped
by local and intravenous application of tranexamic acid
and appropriate pressure bandage. Intravenous appli-
cation of mannitol and dexamethasone reduced local
edema and skin tension. Flexion of the knee joint was
avoided within 1 week after operation. Fortunately, the
patient did not have any wound healing problems.

The fifth is the postoperative rehabilitation. It is easy
to have dysfunction after conversion. The patient’s will
of exercise would even determine the functional results
after operation. As a devout monk, the patient has a
strong desire to achieve high knee flexion. The patient
works very hard after operation, and has achieved good
functional results. Literature reported that only 61% of
the patients’ knees were completely painless after con-
version [15]. In this study, the patient had no obvious
pain after 6 months of operation, which might be closely
related to his early active recovery and young age with-
out any underlying diseases. Knee extension lag is also
commonly reported, ranging from 0° to 40° [5, 6, 12, 15].
Six weeks after operation, the patient had knee extension
lag at about 15°, but the symptoms disappeared after one
month of exercise. Other complications such as ligament
relaxation, prosthesis loosening, polyethylene abrasion,
infection, contracture or rupture of knee extensor mecha-
nism, ossifying myositis or peroneal nerve paralysis were
not found in this patient within one year after operation.

Previous literature shows that the revision rate of
this conversion can be as high as 62% [6, 13], and some
patients (11-28.5%) must undergo a second knee
arthrodesis [4, 11, 14], such as the reactivation of chronic
knee instability or sepsis. However, it is surprising that
despite the high incidence of complications and revi-
sion, most patients are very satisfied with their movable
knee joint [13, 15]. Different from the biconvex polyeth-
ylene prosthesis, the tantalum patella prosthesis does
not require a cortical margin of the patella to support the
implanted prosthesis [19]. Nasser et al. [20] studied 11
patients who underwent tantalum patellar arthroplasty
for patellar loss, all of whom underwent TKA revision, and
found that the knee function and pain scores improved
by an average of 45 and 33 respectively (KSS), and the
ROM improved by an average of 41 degrees. Unlike
this case, which was accompanied by a 5-year left knee
arthrodesis, most of their patients did not have knee stiff-
ness. Only one 69-year-old female patient of theirs had a
preoperative ROM of 10 degrees [20], close to that of the
present case, and her postoperative ROM improved by 80
degrees. In this case, the patient was very satisfied with
the operation, as his ROM in the left knee improved from
0 degrees to 100 degrees, which fulfilled his “meditation
dream”.

The full-length radiographs of the lower limb in this
case showed that the limb shortening was still 6 cm,
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and the patient’s claudication was still obvious. This is
because the bone development of the patient’s left knee
joint is not mature, the overall length of the left lower
limb is not well developed, and TKA cannot significantly
extend the limb. In view of this, we have fully communi-
cated with the patient before operation. The patient said
that he was used to shortening and temporarily refused
to do limb lengthening. If there is a need to extend limbs
in future life, we will do further clinical work and report.

There are still some limitations. First, the follow-up
period is relatively short, and the long-term outcome of
the operation is not yet clear. The case will be followed up
to clarify the long-term outcome. Second, the shortening
of the patient’s left lower limb was not resolved due to his
refusal to undergo another surgery. However, this did not
seriously affect the patient’s daily needs.

Conclusion

Adequate preoperative communication with patients and
good expectation management are crucial for ensuring
favorable prognoses. Perfect preoperative planning and
its reliable implementation during operation are essen-
tial. Additionally, postoperative rehabilitation and proac-
tive management of complications play pivotal roles in
achieving optimal clinical outcomes.
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