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Abstract
Purpose  Medial pivot (MP) designs resemble native knee kinematics and restore the “natural” kinematics of a knee after 
total knee arthroplasty (TKA). However, whether to preserve or resect the posterior cruciate ligament (PCL) is still under 
debate. We inquired whether sacrificing the PCL would improve range of motion, functional outcomes, and limb alignment 
compared to preserving the PCL in TKA using medial pivot implants (MP-TKA).
Methods  This prospective, double-blinded, randomized controlled trial consisted of 33 patients (66 knees) undergoing 
bilateral simultaneous MP-TKA. In one knee, a PCL preservation technique was performed, and in the contralateral knee, the 
PCL was resected. The primary outcome was postoperative range of motion (ROM). The secondary outcomes were visual 
analogue scale (VAS) score for knee pain at walking, Knee Injury and Osteoarthritis Outcome Score for symptoms (KOOS-
S) and quality of life (KOOS-QoL), Oxford knee score (OKS), and Forgotten Joint Score (FJS), and measurement of the 
mechanical femoral-tibial axis (mFTA) on X-ray images. All patients were followed up for a minimum of 2 years after surgery.
Results  Patients who underwent MP-TKA with PCL preservation had a similar ROM at 2 years (125.45 ± 7.00 vs. 
126.21 ± 6.73, p = 0.65) as those who underwent MP-TKAs with PCL resection. There was also no difference in VAS score 
(1.94 ± 0.79 vs. 2.00 ± 0.71, respectively, p = 0.51), OKS (39.97 ± 2.01 vs. 39.67 ± 2.03, respectively, p = 0.52), KOOS-S 
(84.41 ± 3.77 vs. 84.19 ± 3.57, respectively, p = 0.92), KOOS-QoL (82.94 ± 4.76 vs. 82.75 ± 4.70, respectively, p = 0.84), or 
FJS (72.66 ± 8.99 vs. 72.35 ± 8.64, respectively, p = 0.76) at the 2-year follow-up. No difference in the measurement of the 
mFTA was found between the two groups (180.27 ± 2.25 vs. 181.30 ± 2.13, respectively, p = 0.59).
Conclusion  This study demonstrated that both medial pivot TKA with PCL preservation and PCL resection achieved excel-
lent results. There was no difference at the 2-year follow-up in terms of postoperative ROM, patient-reported outcomes, or 
radiographic evaluation.
Level of Evidence  Therapeutic study, Level I.

Keywords  Medial pivot prosthesis · Medial pivot TKA · PCL · PCL retention · PCL resection · PCL sacrifice
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PROMs	� Patient-reported outcome measures
PS	� Posterior-stabilized
ROM	� Range of motion
TKA	� Total knee arthroplasty
VAS	� Visual analogue scale

Introduction

Total knee arthroplasty (TKA) is a common orthopaedic 
procedure that aims to create a “natural knee” that has simi-
lar function and kinematics as those of the native knee. Since 
its inception, TKA techniques and implant designs have 
evolved to achieve that goal. There is a 25% unsatisfaction 
rate with current implant designs, cruciate-retaining (CR), 
or posterior-stabilized (PS) TKAs [1, 8]. CR-TKA produces 
abnormal translation and rotation between the tibia and 
femur [7, 31, 38]. PS-TKA also results in posterior femoral 
translation [36, 37, 40].

The concept of the medial pivot implant is to create a 
centre of rotation on the medial side so that the lateral side 
can translate anteriorly or posteriorly during extension and 
flexion [4, 12, 14, 25, 27]. This understanding of normal 
knee kinematics is based on the new concept of medial 
pivot implants, which was proposed in 2002. This implant 
has spherical medial and lateral condyles with a liner as a 
socket [3]. It was believed that the design of this prosthesis 
was a posterior cruciate-substituting prosthesis. Therefore, 
PCL resection is commonly performed in MP implantation 
[18]. Several studies have shown clinical, radiographical, 
and kinematical improvement with an MP implant [19, 21]. 
However, controversy arises regarding whether to preserve 
or sacrifice the posterior cruciate ligament (PCL) in medial 
pivot TKA [2, 11, 39]. Whether to preserve or sacrifice the 
PCL in medial pivot TKA is still based on surgeon prefer-
ence [15, 26]. However, there is an opinion that retaining the 
PCL can become an obstacle in femoral rollback. Therefore, 
in this study, we performed this simultaneously in TKA to 
compare the effects of PCL retention and PCL resection on 
femoral rollback by evaluating patient-reported outcome 
measurements (PROMs), where we eliminated confound-
ers such as differences in pain and subjective perceptions 
between individuals.

The primary objective of this study was to determine 
whether there was any difference in postoperative range 
of motion between patients whose PCL was resected and 
patients whose PCL was preserved in simultaneous bilateral 
TKA with medial pivot implants. It is hypothesized that sac-
rificing the PCL in TKA with medial pivot implants results 
in a better range of motion than retaining the PCL. The sec-
ondary objectives are to compare the functional outcomes 
and limb alignment of those 2 groups of patients treated with 
simultaneous bilateral TKA at the short-term follow-up. The 

second hypothesis was that sacrificing the PCL in TKA with 
medial pivot implants results in better functional outcomes 
and better limb alignment.

Materials and methods

Study design

We conducted a prospective, single-centre, double-blinded, 
randomized controlled trial comparing outcomes of medial 
pivot TKA with PCL retention and PCL resection at Medis-
tra Hospital, Jakarta, under the approval of its institutional 
review board. This study complied with the CONSORT 
2010 statement. Each patient signed a consent form prior to 
enrolment in this study. Patient recruitment began in Janu-
ary 2018 and continued until April 2020. All patients were 
followed up for a minimum of 2 years after surgery (mean 
33 ± 7.1 months with a range of 24–50 months).

Eligibility criteria

The inclusion criteria for this study were as follows: patients 
with symptomatic primary, bilateral varus knee osteoarthri-
tis (minimum Kellgren–Lawrence grade 3) who required pri-
mary bilateral TKA; patients fit for surgical intervention; 
patients aged between 18 and 90 years at the time of sur-
gery; patients who were able to give informed consent and 
agree to comply with the postoperative review programme; 
and patients who were able to attend follow-up visits at the 
clinic. The exclusion criteria for this study included the fol-
lowing: patients with rheumatoid arthritis, infected or septic 
arthritis, and other inflammatory arthritis; secondary or trau-
matic osteoarthritis; preexisting or congenital bony deformi-
ties; severe knee deformities (a varus or valgus deformity) 
greater than 15°; flexion contracture greater than 10°; patel-
lar dislocation; a requirement for arthroplasty for fracture 
or previous osteotomy; underlying neurological dysfunction 
compromising mobility; and an inability to tolerate general 
anaesthesia.

Allocation

To decide which knee the PCL was going to be preserved 
and which knee the PCL was going to be sacrificed, the main 
surgeon randomly drew a sealed envelope from a box before 
the surgery. The envelope contained the name of the side 
on which the PCL was going to be resected. Only the main 
surgeon and assistant knew the name of the side on which 
the PCL would be preserved.
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Intervention

A single experienced surgeon performed all surgeries. The 
implanted prosthesis was the K-MOD medial pivot implant 
system (Gruppo Bioimpianti, Italy). A tourniquet was used 
during the procedure. The operation was always performed 
first on the right side, regardless of the severity of arthritis, 
through a standard medial parapatellar approach. A tibial 
cut was made perpendicular to the mechanical axis using 
an extramedullary alignment guide. The tibial posterior 
slope was adjusted based on preoperative X-ray (ranged 
3–7°), as anatomically precise as possible, to achieve the 
appropriate tension of the PCL and balancing of the flexion 
gap. A distal femoral cut was made in 5° of valgus using an 
intramedullary femoral alignment guide, and the extension 
gap was measured using spacer blocks. Femoral rotation and 
the posterior femoral condyle cut were determined using 
a hybrid method, a combination of the measured resection 
technique and gap-balancing technique, and the flexion gap 
was measured using spacer blocks. The posterior femoral 
osteophytes were excised. Subsequently, trial implants were 
inserted to assess the joint space; varus and valgus stability, 
patellar tracking, and ROM were measured; and the pull-
out lift-off test[30] was performed. Patella osteophytes were 
excised, and none of the patella was resurfaced in either 
knee. Circumferential electrocautery was not performed 
on the patellar rim, as proven in a previous study [5]. PCL 
release was performed based on the result from the envelope 
drawn before surgery. If the knee was stable with no tight-
ness during flexion or extension and no presence of patellar 
maltracking, then the final tibial and femoral components 
were implanted. No patellar maltracking or ligament imbal-
ance was found in this study during intraoperative evalua-
tion. The wound was closed, and vacuum drainage was used. 
The same technique was used on the contralateral knee. The 
patients were not aware of which knee the PCL was released 
from.

Postoperative care and rehabilitation

Physiotherapy was performed as soon as the patient returned 
to the ward, the same day of surgery. The vacuum drain was 
removed at a maximum of 24 h after surgery. ROM and 
straight-leg raising exercises were performed continuously 
during the first day in the ward. A continuous passive motion 
device was also used. Isometric quadriceps strengthening 
exercises and assisted weightbearing ambulation using a 
walker were performed on the second day. Antithrombotic 
prophylaxis using an oral direct-factor Xa inhibitor (rivar-
oxaban) was administered to all patients for 14 days post-
operatively. The postoperative care and rehabilitation were 
identical for both knees.

Outcomes

We evaluated the range of motion (ROM) as the primary 
outcome. For secondary outcomes, we evaluated the visual 
analogue scale (VAS) score for knee pain at walking, Knee 
Injury and Osteoarthritis Outcome Score for symptoms 
(KOOS-S) and quality of life (KOOS-QoL), Oxford knee 
score (OKS), and Forgotten Joint Score (FJS). We also eval-
uated the mechanical femoral-tibial axis (mFTA) for radio-
graphic evaluation as a secondary outcome. Patients were 
surveyed preoperatively and at the latest follow-up (mini-
mum 2 years) postoperatively by a single orthopaedic sur-
geon who was not a part of the main surgical team and was 
not aware of the patient’s group allocations or radiograph 
evaluation results until the end of the study.

Radiographic assessment

Bilateral knee and full-length lower limb standing X-rays 
were taken before the surgery, and bilateral knee radiographs 
were taken 24 h after surgery. Postoperative full-length 
lower limb standing X-rays were taken at the first follow-up. 
The mechanical femorotibial angle of both knees was meas-
ured using the full-length lower limb standing radiograph via 
digital image viewer software (General Electric Centricity 
Digital Imaging and Communications in Medicine Viewer 
3.1.4., Chicago, Illinois, United States). One independent 
radiologist performed all radiographic evaluations twice to 
reduce intraobserver bias. The ICC was 0.76.

Sample size

We used the FJS to measure the sample size, as we know 
that the FJS is used to assess how natural the prosthesis 
feels after TKA. Using a 2-tailed, 2-sample t test, the mini-
mum clinically important difference in FJS in the 2 treatment 
groups was 16.5, with a power of 80% (1-β) and alpha value 
of 0.05 [32]. To account for a 10% loss to follow-up rate, the 
required sample size was 20 study patients.

Baseline characteristics and demographics

A total of 33 patients (66 knees) were included in this study 
based on the inclusion and exclusion criteria. No patient was 
lost to follow-up (Fig. 1). In total, 24 women and 9 men with 
a mean age of 71 years (range 55–90 years) and a mean body 
mass index (BMI) of 25.8 kg/m2 (range 18.3–35.6 kg/m2) 
participated in this study. Baseline characteristics were com-
parable in both groups (Table 1). There was no significant 
difference between the PCL-retained MP-TKAs (Group 1) 
and PCL-resected MP-TKAs (Group 2) groups in terms of 
preoperative VAS score, ROM, mFTA measurement, OKS, 
KOOS-S, or KOOS-QoL (p = n.s.).
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Ethical aspects

This study was conducted according to the guidelines of 
the Declaration of Helsinki and approved by the Institu-
tional Review Board of Medistra Hospital, number 004/
EA/KEPKM/2017. All patients have already approved and 
signed the informed consent prior to enrolment in this study.

Statistical analysis

Analysis was carried out using intention-to-treat princi-
ples. Independent samples t tests were used to compare 
demographic characteristics and study outcomes found to 
be normally distributed, while the Mann‒Whitney U test 
was used for continuous variables found not to be normally 
distributed. Categorical variables were compared using Fish-
er’s exact test. Variables were summarized with means and 
standard deviations for continuous variables and frequency 
counts and percentages for categorical variables with 95% 
confidence limits for the differences between groups at each 

time point. Statistical significance was set at a P value < 0.05 
for all analyses. Analysis was performed using SPSS (Ver-
sion 28.0; IBM).

Results

Range of motion

There was no difference in ROM at the 2-year follow-up 
between the PCL-retaining group and the PCL resection 
group (p = n.s.) (Table 2).

Patient‑reported outcome measures

Functional outcomes at the 2-year follow-up were compa-
rable between patients with PCL retention and PCL resec-
tion (Table 2). There was no difference in VAS scores 
between the groups. The OKS, KOOS-S, KOOS-QoL, 

Fig. 1   CONSORT flowchart
Assessed for eligibility (n=33 patients)

Excluded (n=0)

Analysed (n=33 knees)

Lost to follow-up (n=0 knees)

PCL retained:
Allocated to intervention (n=33 knees)

Lost to follow-up (n=0 knees)

PCL sacrificed:
Allocated to intervention (n=33 knees)

Analysed (n=33 knees)

Allocation

Analysis

Follow-Up

Randomized (n=33 patients)

Table 1   Baseline characteristics

Values are expressed as the mean ± SD, with range in parentheses. Parametric data were analysed via 
unpaired t tests; nonparametric data were analysed via Mann‒Whitney U tests
ROM range of motion, OKS, oxford knee score, KOOS-s knee injury and osteoarthritis outcome score for 
symptoms, KOOS-QoL knee injury and osteoarthritis outcome score for quality of life, SD standard devia-
tion

PCL retained (Mean ± SD) PCL resected (Mean ± SD) p value

VAS score 7.91 ± 0.80 8.09 ± 0.98 0.67
ROM 111.97 ± 11.59 111.21 ± 10.53 0.48
mFTA measurement 188.36 ± 2.93 188.51 ± 3.53 0.34
OKS 23.88 ± 3.29 23.30 ± 3.3 0.75
KOOS-S 40.76 ± 10.57 41.03 ± 10.49 0.96
KOOS-QoL 25.24 ± 7.96 25.48 ± 9.79 0.10
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and FJS were the same (p = n.s.). The same results were 
also found for each FJS question (Table 3).

Radiographic outcomes

There was no difference in postoperative limb alignment 
between the PCL retention and PCL resection groups 
(p = n.s.) (Table 2).

Complications

No complications associated with infections or joint insta-
bilities were found in either group. No revision surgery due 
to pain or stiffness problems was necessary in this study.

Discussion

The most important finding in this study was that there was 
no difference in ROM or functional or radiographic out-
comes between the 2 treatment groups at the short-term 
follow-up visit. Both options are safe and give satisfac-
tory results. This is the first study to compare PCL reten-
tion and PCL resection in simultaneous bilateral TKA with 
MP implants. Therefore, we eliminated confounders such 
as differences in pain and subjective perceptions between 
individuals.

There is ongoing debate on whether to retain or excise the 
PCL. Excision of the PCL leads to unpredictable laxity in 
flexion, resulting in less internal rotation of the tibia during 
flexion after TKA. However, PCL retention will maintain 
more of the tibia's internal rotation with the knee in flex-
ion, optimizing patellofemoral tracking, but with a tighter 
flexion gap as a trade-off. Restoring native internal rotation 
of the tibia could minimize the risks of patellar tilt, lateral 
displacement, and anterior knee pain, which is needed to 
achieve high satisfaction after TKA. However, maintaining 
adequate flexion space could prevent loss of passive internal 
rotation of the tibia relative to the femur and anterior lift-
off of the insert [23]. Several kinematic studies have dem-
onstrated the effects of preserving and resecting the PCL 
in MP-TKA. A study of ten cadaveric knees showed that 
PCL retention restored more passive internal tibial rotation 
than PCL excision with a negligible risk of anterior lift-off. 
Proper tensioning of the PCL was also required to promote 
native knee internal tibial rotation in PCL retention [24]. 
However, this was a study of MP-TKA with kinematic align-
ment in a small number of patients. Another in vivo kine-
matic study of 17 clinically successful MP-TKAs in patients 
during stair climbing showed that knees with intact PCLs 
showed significantly greater tibial internal rotation than 
PCL-resected knees in flexion at 30° and greater. Regard-
less of whether the PCL was preserved or resected, patients 
who underwent MP-TKA had medial pivot motion patterns 
during stair climbing activities [17].

The anteroposterior translation of the femur might influ-
ence range of motion. PCL preservation will result in better 
femoral rollback, which will increase the range of motion of 
CR implants [13]. However, it is unclear whether retaining 
the PCL becomes an obstacle to lateral femoral rollback dur-
ing medial pivot motions. In this study, we did not find any 
difference in the range of motion of knees with a preserved 

Table 2   Results of analysis of primary and secondary outcomes at the 
2-year follow-up

Values are expressed as the mean ± SD, with range in parentheses. 
Parametric data were analysed via unpaired t tests; nonparametric 
data were analysed via Mann‒Whitney U tests
ROM range of motion, OKS Oxford Knee Score, KOOS-S Knee 
Injury and Osteoarthritis Outcome Score for symptoms, KOOS-QoL 
knee injury and osteoarthritis outcome score for quality of life, FJS 
forgotten joint score, SD standard deviation

PCL retained 
(Mean ± SD)

PCL resected 
(Mean ± SD)

p value

VAS score 1.94 ± 0.79 2.00 ± 0.71 0.51
ROM 125.45 ± 7.00 126.21 ± 6.73 0.65
mFTA measurement 180.27 ± 2.25 181.30 ± 2.13 0.59
OKS 39.97 ± 2.01 39.67 ± 2.03 0.52
KOOS-S 84.41 ± 3.77 84.19 ± 3.57 0.92
KOOS-QoL 82.94 ± 4.76 82.75 ± 4.70 0.84

Table 3   The FJS at the 2-year follow-up

Values are expressed as the mean ± SD, with range in parentheses. 
Parametric data were analysed via unpaired t tests; nonparametric 
data were analysed via Mann‒Whitney U tests
Score for quality of life, FJS, Forgotten Joint Score, SD standard devi-
ation

Q: Are you aware of your 
artificial joint when?

PCL retained 
(Mean ± SD)

PCL resected 
(Mean ± SD)

p value

In bed at night 0 0 0
Sitting on a chair 6.06 ± 10.88 5.30 ± 10.38 0.56
Walking for 15 min 29.55 ± 11.62 31.06 ± 12.55 0.36
Taking a bath 3.06 ± 8.28 3.79 ± 9.10 0.48
Travelling in a car 3.79 ± 9.10 3.79 ± 9.10 1.00
Climbing stairs 59.09 ± 12.21 56.82 ± 12.92 0.66
Walking unevenly 44.69 ± 14.99 43.18 ± 16.86 0.27
Standing up 44.69 ± 16.25 43.18 ± 16.86 0.59
Standing for a long period 34.09 ± 13.72 34.09 ± 13.72 1.00
Doing housework 28.79 ± 22.64 28.79 ± 22.64 1.00
Walking or hiking 40.91 ± 18.56 40.91 ± 18.56 1.00
Playing your favourite sport 37.12 ± 18.86 37.12 ± 18.86 1.00
Total score 72.66 ± 8.99 72.35 ± 8.64 0.76

 14337347, 2023, 12, D
ow

nloaded from
 https://esskajournals.onlinelibrary.w

iley.com
/doi/10.1007/s00167-023-07634-2 by U

niversity O
f L

eiden, W
iley O

nline L
ibrary on [04/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



5861Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:5856–5863	

1 3

or resected PCL. This may be more affected by the surgical 
technique [22], proper tensioning of the collateral ligament 
and adequate flexion gap tightness achieved. When we found 
flexion tightness, the posterior tibial slope was increased in 
knees without a resected PCL. The goal is to achieve a bal-
ance between flexion and extension gaps. Another reason 
may also be due to the design of more constraints on the 
medial side with high congruency for the medial compart-
ment to provide anterior–posterior stability combined with 
unrestricted motion of the lateral compartment. The lateral 
side moves front and back, rotating with the medial side as 
the centre during flexion and extension. The raised anterior 
lip in the MP design also stabilizes the knee from full exten-
sion through maximum flexion, confining the anterior slid-
ing with a greater anterior constraint and subluxation resist-
ance. With this system, it does not require an intact PCL [9].

Good patient-reported outcome measures (PROMs) were 
reported with medial pivot prostheses [2, 6, 9, 22, 29]. Our 
study’s results are similar to those of a previous study that 
showed no difference in PROMs between PCL retention or 
resection in MP-TKA [11]. Therefore, retaining or resecting 
the PCL did not affect the PROMs as long as appropriate 
PCL tension, collateral ligament tension, and balance of the 
flexion gap could be achieved.

The FJS was considered the best measurement to evalu-
ate high-end functionality post arthroplasty, and “forgetting 
the joint” may be the ultimate goal of arthroplasty [16, 20, 
28, 33, 34]. In our study, we found no difference between 
the MP-PCL retain group and the MP-PCL sacrifice group. 
These results were similar to those of a previous study [35]. 
This may be due to the normal kinematics that were mim-
icked by the MP implant. A previous study showed that 
either the PCL or the post-cam mechanism is necessary for 
medial pivot implants to regain normal kinematics [10]. 
Additionally, we performed simultaneous TKA, which elim-
inated confounders such as differences in pain and subjective 
perceptions between individuals. Therefore, the subjective 
FJS can be excluded.

Based on this study’s results, retaining PCL in medial 
pivot TKA is safe and comparable with sacrificing the PCL. 
Nevertheless, this study has several limitations. First, the 
patient sample size was small and the follow-up period was 
short. However, this study was a double-blind study of bilat-
eral simultaneous TKA. Comparing clinical outcomes to the 
contralateral knees in the same individual in simultaneous 
bilateral TKA could eliminate confounders such as differ-
ences in pain and subjective perceptions between individu-
als. Secondly, our study did not undergo age and gender 
matching, while in the previous studies, gender is associated 
with residual pain, which is still controversial, and age at 
surgery is also associated with residual pain. Thirdly, the 
same prosthetic implant was used in all patients. Different 
MP designs from other manufacturers might give different 

results. Finally, this study only included knees with varus 
deformities and excluded those with valgus deformities. Val-
gus deformity might have different effects due to different 
kinematics.

Conclusions

Medial pivot TKA with PCL retention and with PCL resec-
tion yielded excellent results in this study. The medial pivot 
implant can be used with or without the PCL with excellent 
results but should be placed using a surgical technique that 
maintains a balanced flexion gap.
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