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Abstract

Background: The number of total knee arthroplasty (TKA) surgeries per-
formed each year is increasing worldwide and mechanical alignment (MA) is
currently seen as the gold standard procedure. However, taking neutral
alignment as the universal goal may be mistaken. In our hospital, we current-
ly conduct kinematically aligned TKA (KA-TKA). Three different types of
implants are used: the cruciate-retaining (CR) type, cruciate-sacrificing (CS)
type, or bi-cruciate-retained (BCR) type. We aimed to compare the coronal
alignment observed following KA-TKA and MA-TKA and in normal knees,
as well as that achieved with different types of implants. Methods: The study
comprised 206 knees of Japanese patients who underwent KA-TKA using va-
rying implants in our Hospital between May 2019 and April 2020. Measure-
ments of pre- and postoperative coronal alignment were determined from
weight-bearing full-leg standing radiographs. The postoperative results were
compared to measurements taken from patients who underwent MA-TKA
(N = 96) and normal knees (N = 60). Results: No significant differences be-
tween the KA-TKA group and normal knees were found for the medial
proximal tibial angle (MPTA) (-4.2° £ 2.6° vs -3.8° £ 2.5") or joint line
orientation angle (JLOA) (0.2° £ 1.9° vs 0.3° *+ 1.4°).
MA-TKA was compared to KA-TKA and normal knees, there were signifi-
cant differences in both the MPTA and JLOA (p < 0.01). Furthermore, for the
different implant types, MPTA exhibited significantly greater varus alignment

However, when

when a CS-type was used than with the other two. Conclusions: Here, we
demonstrated that following KA-TKA, the articular surface of the tibia exhi-
bited a similar varus alignment as that of normal knees, meaning that the
technique reproduces the native knee. Furthermore, KA is patient-specific,
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and does not have the same failures as MA-TKA. Therefore, we anticipate a
paradigm shift from mechanical to kinematic alignment, which may help re-
duce the dissatisfaction rate of TKA patients.

Keywords

Total Knee Arthroplasty, Kinematic Alignment, Mechanical Alignment,
Calipered Technique

1. Background

Total knee arthroplasty (TKA) is the established gold standard surgical treat-
ment for osteoarthritis of the knee, and the number of procedures performed
each year is gradually increasing [1]. Computer-assisted surgery (CAS) has been
introduced in recent years, using methods such as navigation systems, pa-
tient-specific instruments (PSI), and robots to aid accurate implant placement.
As yet, many studies have found that CAS use provides no clinical advantage [2]
[3] [4] [5]. Therefore, it may be that taking neutral alignment as the universal
goal is mistaken.

Most surgeons are aware that in many normal legs, the Mikulicz line does not
pass through the center of the knee [6] [7], and therefore feel that this contra-
dicts the goal of neutral alignment in surgery. This may be why the concept of
constitutional varus reported by Bellemans et a/ [8] has been accepted without
resistance.

In our hospital, we currently conduct calipered kinematically aligned TKA
(KA-TKA) following the method reported by Howell [9]. Our goal is to respect
the soft tissues and replace the articular surfaces of both the femur and the tibia
in order to return the joint to its native or pre-arthritic state while reproducing
the patient’s own joint line. We use one of three different types of implant: the
cruciate-retaining (CR) type, cruciate-sacrificing (CS) type, or bi-cruciate-retaining
(BCR) type.

The objective of this paper is to both describe our Simple Surgical Technique,
double styluses procedure and cutting block adjusting method, and report and
compare our measurements of postoperative coronal alignment from weight-
bearing full-leg standing radiographs of Japanese patients, following surgery for
osteoarthritis of the knee. These subjects tend to exhibit more pronounced varus
and curvature than do Europeans and North Americans [10] [11]. This report is
the first to evaluate the difference in coronal alignment achieved due to the dif-
ferent types of implant in KA-TKA. Also, we discuss our thoughts on KA-TKA
compared to MA-TKA.

2. Methods

The study subjects were 206 knees (120 right and 86 left) of patients (40 men and
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166 women of mean age 76 years) who underwent calipered KA-TKA in Hiro-
shima City Hiroshima Citizens Hospital between May 2019 and April 2020.
KA-TKA was performed on all cases except for extra-articular deformity after
fracture. The CR-type implants were used in 121 knees, CS-type implants in 49,
and BCR-type implants in 36 (Table 1).

Weight-bearing full-leg standing radiographs were scanned preoperatively
and 3 weeks after surgery. Patients were instructed to stand with their feet 10 -
15 cm apart with their knees pointing forward. As shown in Figure 1, the preo-
perative state was assessed by measuring the medial proximal tibial angle
(MPTA) and the hip-knee-ankle angle (HKA). The MPTA is defined as the an-
gle of inclination of the tibial axis with respect to the medial articular surface of
the tibia (with a negative value denoting varus alignment), and the HKA is de-
fined as the angle between a line joining the center of the femoral head and the
distal femoral sulcus, and the tibial axis (with a negative value denoting varus
alignment). The postoperative state was evaluated by measuring the MPTA, the
joint line orientation angle (JLOA), defined as the angle of inclination of the ar-
ticular surface of the tibia with respect to the floor (with a negative value denot-

ing an inclination outward and downward), and the HKA.

Table 1. Implant models of KA-TKA (n = 206).

Type Model Maker Number
CR-type Persona CR (Zimmer Biomet®, Warsaw, IN, USA) 9
Vanguard ID (Zimmer Biomet®, Warsaw, IN, USA) 35
GMK Sphere CR (Medacta®, Castel San Pietro, Switzerland) 19
Triathlon CR (Stryker®, Mahwah, NJ, USA) 43
BKS TriMax CR (Ortho Development®, Draper, UT, USA) 15
Total 121
CS-type GMK Sphere CS (Medacta®, Castel San Pietro, Switzerland) 49
BCR-type Vanguard XP (Zimmer Biomet®, Warsaw, IN, USA) 36

CR, Cruciate retaining; CS, Cruciate sacrificing; BCR, Bi-cruciate retaining; KA, Kinematic alignment.

Figure 1. Measurements of coronal alignment from weight-bearing full-leg standing ra-
diographs of Japanese patients. MPTA, medial proximal tibial angle; JLOA, joint line
orientation angle; HKA, hip knee ankle angle.
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Furthermore, 96 patients (17 men and 79 women of mean age 76 years) un-
derwent mechanically aligned TKA (MA-TKA) in our hospital (68 CR-type, 10
CS-type, and 18 BCR-type) (Table 2), and the control group comprised 60 nor-
mal knees of patients with a ruptured anterior cruciate ligament (ACL) in the
opposite knee (30 men and 30 women of mean age 26 years). We measured the
MPTA, JLOA, and HKA of both groups, and compared their results with those
of the KA-TKA group.

Statistical analysis was performed with unpaired Student’s t-test using Stat-
View software version 5.0 (SAS Institute, Cary, NC, USA), and p < 0.05 was con-
sidered statistically significant.

All study participants provided written informed consent, and this study was
approved by the ethics committee of Hiroshima City Hiroshima Citizens Hos-
pital (no. 2019-199).

Surgical Procedures

Firstly, the joint is exposed via a medial parapatellar approach. Any damaged
cartilage is completely removed from both the distal femur and the posterior
condyle, and a referencing guide to compensate for a 2-mm cartilage defect is set
against the distal femur (Figure 2). An osteotomy of the same thickness as the
distal and posterior parts of the component is performed. The thickness of the
resected osteochondral fragment and the kerf of the bone saw are measured to-
gether, and the values are recorded on a data sheet. The remains of the meniscus
and any osteophytes (particularly on the posterior condyle) are carefully re-

moved.

Table 2. Implant models of MA-TKA (n = 96).

Type Model Maker Number
CR-type Vanguard ID (Zimmer Biomet®, Warsaw, IN, USA) 38
Triathlon CR (Stryker®, Mahwah, NJ, USA) 22
BKS TriMax CR (Ortho Development®, Draper, UT, USA) 8
Total 68
CS-type GMK Sphere CS (Medacta®, Castel San Pietro, Switzerland) 10
BCR-type Vanguard XP (Zimmer Biomet®, Warsaw, IN, USA) 18

CR, Cruciate retaining; CS, Cruciate sacrificing; BCR, Bi-cruciate retaining; MA, Mechanical alignment.

Figure 2. A referencing guide to compensate for a 2-mm cartilage defect is set against the
distal femur after removing residual cartilage.
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Next, a trial femoral component is fitted, the ankle is grasped in one hand,
and the leg is manually drawn in the distal direction. While the leg is in traction,
the distraction gap where the component protrudes furthest is measured; in
general, this is in the medial joint in the case of varus deformity, and in the lat-
eral joint in the case of valgus deformity. Because the proximal tibial osteotomy
runs parallel to the distal femur, the distraction gap is the difference between the
heights of the medial and lateral osteotomies.

For MA-TKA, in the case of varus knee deformity, the tibial axis can usually
be measured by placing a tibial osteotomy guide from the lateral intercondylar
eminence of the tibia pointing toward the center of the ankle. However, since
KA-TKA can be completed in most patients with minimal adjustment, the tibial
axis is initially set as a line joining the medial intercondylar eminence of the tibia
and the distal tibiofibular joint.

The existence of various types of tibial osteotomy guides means that expe-
rience and adjustment are both required when fitting these. When using a cut-
ting block fitted with only a single stylus, this stylus must be removed and ad-
justed several times, making the procedure more time-consuming. Types that
can be fitted with a double variable stylus offer ease of use (Figure 3). The amounts
of the medial and lateral osteotomy are determined simultaneously using the
stylus, and the cutting block is secured with a pin. Its position is reviewed if it
makes varus alignment more pronounced than the axis that was initially set
(around 5° - 6° varus to the tibial axis). As some patients naturally have a more
pronounced medial inclination, this can never be more than a reference axis.

When the tibial surface is uneven or the tibial slope is steep, the surgeon al-
ways cannot set the stylus correctly. In such cases, the double styluses procedure
is difficult to do; Cutting Block Adjusting Method, as mentioned later, had better
be employed. After tibial osteotomy, height is determined with a single stylus
and tibial posterior slope is confirmed with “ange/ wing”, after the lateral side of
the cutting block is secured with a pin (Figure 4(a)), the tibial shaft alignment

Figure 3. Osteotomy height is determined by setting the double
variable styluses on both the medial and lateral tibial articular

surface.
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Figure 4. (a) The tibial cutting block is set by first securing with
a pin. (b) The cutting block is adjusted parallel to the distal fe-
moral cut surface under distraction of the leg in the knee ex-

tended position.

rod is removed. The osteotomy line can subsequently be adjusted, as required,
by rotating the cutting block around the axis of the pin while it remains in posi-
tion (Figure 4(b)). The leg is manually drawn in the distal direction, the pin is
secured so that the slot in the cutting block is parallel to the cut surface of the
distal femur, and the osteotomy height is reviewed using the stylus. The tibial
shaft alignment rod is refitted to stabilize the cutting block during the osteoto-
my. In this case, too, its position is reviewed if the varus alignment is made more
pronounced than the axis that was initially set.

If the posterior cruciate ligament (PCL) is removed (CS-type), the posterior
inclination is made somewhat smaller (around 3° - 5°) than the native slope,
whereas if the PCL is spared (CR and BCR-types), it should be similar to the na-

tive slope, and in principle, the patella is not replaced.

3. Results

Socio-demographic characteristics of this study are summarized in Table 3.

In the patients who underwent KA-TKA (22 = 206), preoperatively the MPTA
was —11.1° + 7.0° and the HKA was —9.9° + 7.1°, respectively. Postoperatively,
the MPTA was —4.2° + 2.6°, the JLOA was 0.2° + 1.9°, and the HKA was —-2.7° +
3.5°, respectively.

In the patients who underwent MA-TKA (21 = 96), postoperatively the MPTA
was —0.3° + 1.2°, the JLOA was —2.2° + 1.7°, and the HKA was —0.4° + 2.3°, re-
spectively. The control group (22 = 60) displayed an MPTA of -3.8° £ 2.5°, JLOA
of 0.3° £ 1.4°, and an HKA of —1.2° + 2.4°, respectively.

A comparison of alignment in knees after KA-TKA and in the control group
found that there were no significant differences in the MPTA or JLOA (p = 0.24
and p = 0.54, respectively), and their distributions were also equivalent. Howev-
er, when alignment in the KA-TKA group was compared to that of the MA-TKA
group, there were significant differences in both the MPTA and the JLOA (p <
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0.01), and their distributions were also clearly different (Figure 5 and Figure 6).
The HKA of knees aligned by KA-TKA differed significantly from that of both
knees aligned by MA-TKA (p < 0.01) and the control group (p < 0.01). The HKA
of knees aligned by KA-TKA was within +3° in only 57% of patients (117/206).

Table 3. Socio-demographic characteristics of this study.

N Sex Age
KA-TKA 206 M:F = 40:166 76 (55 - 94)
MA-TKA 96 M:F = 17:79 76 (50 - 94)
Control 60 M:F = 30:30 26 (13 - 55)

KA, Kinematic alignment; MA, Mechanical alignment; Control, Normal knees.
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Figure 5. The distribution of MPTA in normal knees and knees following
MA-TKA or KA-TKA. The graph shows that KA-TKA and Control group
have a normal distribution centered on —3 to —4 degrees, while MA-TKA
has a normal distribution centered on 0 degrees. MPTA, medial proximal
tibial angle; MA-TKA, mechanically aligned total knee arthroplasty;
KA-TKA, kinematically aligned total knee arthroplasty.
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Figure 6. The distribution of JLOA in normal knees and knees following
MA-TKA or KA-TKA. The graph shows that KA-TKA and the Control
group have a normal distribution centered on 0 degrees, while MA-TKA has
a normal distribution centered on -3 to —1 degrees. JLOA, joint line orien-
tation angle; MA-TKA, mechanically aligned total knee arthroplasty;
KA-TKA, kinematically aligned total knee arthroplasty.
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Data on the different implants used in KA-TKA are shown in Table 4. There
was no difference in either the JLOA or the HKA between different implants, but
the MPTA exhibited significantly greater varus alignment when a CS-type im-
plant was used than with either a CR-type (p < 0.05) or a BCR-type (p < 0.01).

For knees aligned by MA-TKA, there was no difference in any of the parame-
ters between the different implants (Table 5).

Table 4. Radiographic measurements of KA-TKA.

Pre-op. Post-op.
MPTA HKA MPTA JLOA HKA
CR (N =121) -11.5+8.0 -9.6 £ 8.2 -41+27° 0.2+2.1 -2.4+3.6
CS (N =49) -11.7+5.7 -11.8+54 -4.9 £2.4% 03+1.9 -3.4+3.1
BCR (N = 36) -8.2+4.4 -8.7+4.5 -3.8+22 0.0+1.5 -2.5+34
Total (N = 206) -11.1+£7.0 -99+7.1 -4.2+2.6 02+1.9 -2.7+£3.5

SP < 0.05, *p < 0.01, Unpaired student t-test. CR, Cruciate retaining; CS, Cruciate sacrificing; BCR,
Bi-cruciate retaining; KA, Kinematic alignment; MPTA, medial proximal tibial angle; JLOA, joint line
orientation angle; HKA, hip knee ankle angle. Valgus measurements are positive, varus measurements are
negative.

Table 5. Post-operative radiographic measurements of MA-TKA.

Pre-op. Post-op.
MPTA HKA MPTA JLOA HKA
CR (N = 68) -10.6 £ 7.4 -92+85 -03+13 -21x17 -04+23
CS (N =10) -13.4£7.1 -13.5%5.8 -02+1.0 -21%15 0325
BCR (N =18) -84+52 -8.6+4.5 -0.4+0.8 -2.7%1.6 0.9+1.8
Total (N = 96) -10.5£7.0 -95%75 -03+1.2 -22+1.7 -04+23

CR, Cruciate retaining; CS, Cruciate sacrificing; BCR, Bi-cruciate retaining; MA, Mechanical alignment;
MPTA, medial proximal tibial angle; JLOA, joint line orientation angle; HKA, hip knee ankle angle. Valgus
measurements are positive, varus measurements are negative.

4. Discussion

Here, we demonstrated that following KA-TKA, the articular surface of the tibia
exhibited a similar varus alignment as that of normal knees, meaning that the
technique reproduces the native knee.

Total knee arthroplasty is an established surgical procedure for the treatment
of advanced osteoarthritis that provides good long-term results. This technique
boasts a 10-year postoperative survival rate exceeding 95% due to improvements
in implant durability and design [12] [13]. Mechanical alignment is currently the
gold standard procedure, focusing on the accuracy with which the implant can
be placed. Although the use of CAS (such as navigation systems, PSI, or robots)
may have improved the accuracy of implant placement [14] [15] [16], the clini-
cal outcomes are no different from those of conventional methods that do not
involve any extra costs, ironically [1] [2] [3] [4]. The use of these systems thus

entails the waste of large amounts of money as well as time. Despite improve-
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ments to the accuracy of implant placement, around 20% of patients remain
dissatisfied [17] [18] [19]. This may be because our current goal of neutral
alignment is actually mistaken. Unless we break down the current situation,
there may be no prospect of improving the outcomes of TKA 10 or even 20 years
into the future.

Mechanical alignment was initially proposed by Freeman ef al [20] and Insall
et al. [21]. In the knees in which the PCL is removed, an osteotomy is performed
perpendicular to the line from the center of the femoral head to the center of the
knee joint. In the lower leg, an osteotomy is performed perpendicular to the
functional axis of the tibia, the soft tissues are denuded, and the alignment is fi-
nalized, with an under-correction of around 3° generally considered acceptable.
To obtain the same rectangular gap [22], rotation of the femoral component is
required. However, if it is rotated too far, reference must be made to anatomical
landmarks. Although the context is understandable, the limitations and disad-
vantages of MA-TKA are now becoming exposed.

The goal of anatomical alignment, which was proposed by Hungerford &
Krackow [23], is the maintenance of the joint line (“joint line theory”). However,
this procedure involves a systematic 3° varus osteotomy of the tibia, and has
been discontinued mainly due to issues with the durability of the polyethylene
used at the time [24]. In addition, although in Westerners, the mean inclination
of the tibial articular surface is 3° varus, data on healthy Japanese individuals
shows that the mean value in this population is 3.8°, and the standard deviation
is 2.5°. Therefore, it is dangerous to give all patients in this group a uniform va-
rus inclination of 3°; rather, osteotomy must be patient-specific. This is a limita-
tion of both systemic alignment and anatomical alignment.

Although numerous studies have reported that obtaining neutral alignment
results in good clinical outcomes [25] [26] [27] [28] [29], an even larger number
have found that this is not the case [30]-[35]. However, as described by Riviére
[36], kinematic alignment is patient-specific, and does not have the same failures
as an anatomical alignment or MA-TKA, which involve systematic osteotomies.

Our results that after KA-TKA, the articular surface of the tibia exhibited a
similar varus alignment with respect to the tibial axis as that of normal knees
and was parallel to the floor are consistent with previous reports [37] [38]. The
difference in the HKA between the KA-TKA group and the control was consi-
dered to be due to the age difference between the two groups (mean age 76 years
and 26 years, respectively). Therefore, our KA-TKA technique reproduces the
native & pre-arthritic knee condition.

The data on the comparison of JLOA in knees aligned by KA-TKA or
MA-TKA and normal knees were almost entirely consistent with those reported
by Ji et al. [38]. Although static and dynamic data are not necessarily associated
[39], when the articular surface of the tibia is parallel with the floor in the same
way as in normal knees, knee adduction movement (KAM) is smaller, as re-
ported by Niki et al [40]. This is believed to alleviate shear force during
weight-bearing. Other studies have found that KA-TKA provides better gait
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function than does MA-TKA [41], and may contribute to improving not only
the survival rate but also patient satisfaction.

Recent studies have also compared the short-term clinical outcomes of KA
and MA-TKA, none of which have concluded that KA-TKA is inferior [42] [43]
[44]. Although concerns about survivorship are one reason that many surgeons
remain skeptical about KA-TKA, good 10-year postoperative outcomes have
been reported by Howell et al [45]. Further research should be done in the fu-
ture to clarify these results.

Since osteotomy in MA-TKA is systematic, it produces no differences in
alignment between different implants. However, following KA-TKA, the incli-
nation of the tibial articular surface exhibited greater varus alignment when a
CS-type implant was used compared with the other two types of implant, an ex-
tremely interesting result. We conjecture that this was because the procedure we
used is a soft-tissue-respecting surgical technique that is dependent on the fe-
moral component. Furthermore, we speculate that removing both cruciate liga-
ments causes the extension alignment under traction to become slightly more
varus. Accordingly, when an implant that requires the resection of both cruciate
ligaments is used, the tibial component is placed in an excessively varus align-
ment and may cause mechanical strain [46] [47]. Therefore, it may be better to
combine the implant with a design such as a ball-in-socket shape or to use a
CR-type or BCR-type implant, which preserves the posterior cruciate ligament.

Consideration must also be given to disorders for which KA-TKA is not indi-
cated [48]. One of the guiding principles of KA is that it is a soft-tissue-respecting
surgery. Contraindications thus include: 1) patients with contracture that cannot
be corrected even after bone spur resection, 2) patients with joint instability due
to soft tissue breakdown, and 3) patients with extra-articular deformity. Howev-
er, as even severe deformity can be corrected by osteophyte removal in some pa-
tients, in principle, the decision on whether to perform KA-TKA is made intra-
operatively. Another contraindication considered for KA-TKA is the diffi-
cult-to-correct fixed valgus knee, as it is not feasible to respect the soft tissue, al-
though this condition is rare. However, it may still be necessary to reconsider the
merits and demerits of aiming for neutral alignment to the point of unnecessari-
ly destroying soft tissue in these patients. For the choice of an implant in these
conditions, the best is the BCR-type or unicompartmental knee arthroplasty
(UKA), which preserves the soft tissues involved in controlling knee movements
(particularly the ACL and PCL). Given that the rotational axis of the knee is the
medial joint, an implant that restricts the medial joint in the coronal section,
such as a CR-type, is preferable. However, a medial pivot implant type that re-
stricts the medial joint in both the coronal and sagittal sections, such as a post-
erior stabilizing (PS)-type, is favored over an implant with a post-cam structure
in the center of the knee. Further studies are required to identify differences in
outcomes when different types of implants are used.

A final consideration may be that we are being deceived by postoperative
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frontal X-rays after TKA. We have always thought that correct frontal X-rays of
the knee are those in which the tibial axis is parallel to the vertical axis and the
articular surface is parallel to the horizontal axis on short films. However, given
that human frontal X-rays are scanned in line with the anatomical position, it is
clear that the axis of the lower leg cannot run parallel to the vertical axis. There-
fore, frontal knee X-rays should be scanned with the body in an inclined state.

The current study presented various limitations. Firstly, we assessed the valid-
ity of the surgical procedures purely in terms of X-ray measurements and in-
cluded no descriptions of clinical outcomes. Secondly, the method and timing
for capturing the standing X-rays of both legs were not strictly determined or
applied for all patients. Finally, we carried out only a static assessment of the ef-
fect of the surgical procedure without indicating the association with dynamic
assessment. Future studies should address these limitations to obtain a complete
understanding of KA-TKA.

5. Conclusion

We are by no means decrying mechanical alignment, which has been the golden
standard for many years. However, this paper has demonstrated that it may be
possible to reduce the 20% dissatisfaction rate of TKA patients by fully grasping
the concept of kinematic alignment and reproducing the joint lines of individual
patients while maintaining the concepts of respecting soft tissue and resurfacing
surgery. Since KA-TKA is a soft tissue respecting the procedure, the preserved
ligaments (particularly the ACL and PCL) affect component placement. There-
fore, it is important to remember that the placement of the tibial component
may vary depending on the type of implant used. We anticipate that in the near
future, there will be a paradigm shift in TKA from mechanical alignment, which
systematically aims for neutral alignment, to kinematic alignment, which in-

volves patient-specific, personalized alignment.
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