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Total knee arthroplasty according to the
original knee phenotypes with kinematic
alignment surgical technique—early clinical
and functional outcomes
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Abstract

Background: The kinematic alignment (KA) technique in total knee arthroplasty (TKA) aims to restore the native
alignment of pre-disease knee joint anatomy. Determining the individualized alignment targets is crucial for pre-
operative planning, which can be set according to different original knee phenotypes. Five most common knee
phenotypes have been categorized for KA-TKA alignment target setting in our previous study. The purpose of this
study was to investigate the distribution of the five phenotypes in advanced OA knee patients and evaluate the
clinical outcomes of this phenotype-oriented KA-TKA using the generic instrument, with particular emphasis on
alignment strategy, surgical technique, survivorship, radiographic and functional outcomes.

Methods: The clinical data of 123 patients (88 women, 35 men) who had undergone 140 TKAs in our hospital were
reviewed. All the TKAs were performed with alignment targets set according to the original phenotypes of the
knee, with the KA method, using the generic total knee instrument. The patients’ demographics, preoperative and
postoperative knee alignment angles, one-year postoperative range of motion (ROM), Oxford knee scores (OKS),
Combined knee society score (CKSS) were collected and analyzed.

Results: The 3 years survivorship was 99.3% for all cause of revision, and 100% with revision other than infection as
the endpoint. The preoperative phenotypes of the knee were as follows: neutral alignment 20.1% (type 1: 3.6%,
type 2: 16.5%), varus alignment 71.2% (type 3: 46.0%, type 4: 25.2%), and valgus alignment (type 5: 8.6%). Using our
protocol, patients with different knee phenotypes could get similar great functional improvement though the
postoperative alignment parameters were significantly different between the knee phenotypes (P < 0.05).

Conclusion: The early outcomes of this phenotype-oriented KA-TKA using generic total knee instruments are
promising. Setting individualized alignment target according to original knee phenotype is rational and practical.
The residual varus alignment did not cause any aseptic loosening in the 3 years follow-up. Long-term survivorship
and functional outcomes need to be evaluated in future studies.

Keywords: Kinematical alignment, Kinematically aligned; Total knee arthroplasty, TKA, TKR, Posterior stabilization,
Phenotype of the knee, Total knee replacement
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Background
Though total knee arthroplasty is the definitive surgical
treatment for advanced osteoarthritis of knee (OA knee),
high dissatisfaction rates of up to 20% are still reported
in uncomplicated TKA [1–3]. This high dissatisfaction
rate has raised the question as to whether the aim of
bone resection should be to achieve ideal mechanical
alignment that is appropriate for each patient.
In contrast to the mechanical alignment (MA) method

which aims to create a neutral alignment by cutting the
tibia and femur perpendicular to the mechanical axis [4,
5], the kinematic alignment (KA) method aims to restore
the pre-disease knee joint by resecting bone parallel to the
pre-disease joint line of the femur and tibia [6]. This
method attempts to decrease the anatomical change of
bone, thus potentially minimizing the impact on ligament
balance. Recently a randomized-control study indicated
that KA-TKA led to significant better improvement in
quantitative knee balance than MA-TKA [7]. A 10-year
follow-up study also showed that KA-TKA had excellent
implant survival, yearly revision rate and function level
[8]. However, two problems are often encountered in KA-
TKA operation. First, in patients with very advanced
osteoarthritis, it is difficult to make a precise estimation of
wearing thickness of bone. Second, in patients with severe
malalignment in lower extremities. Placing prosthesis in
mal-aligned axis may compromise the long-term survival.
To achieve more individualized alignment for KA-

TKA, the distribution of knee alignment among patient
populations has been investigated and the most common
five phenotypes have been categorized for the alignment
target setting in our previous study [9]. In our protocol,
more individualized alignment targets were set for each
patient according to the each patient’s knee phenotype.
The KA-TKAs were then performed according to the
preoperative alignment targets. The purpose of this
study was to investigate the distribution of the five phe-
notypes in advanced OA knee patients and evaluate the
functional and radiographic outcomes of this phenotype-
oriented KA-TKA method.

Material and methods
Patient enrollment
This study is a prospective series. The medical and
radiographic records of patients with advanced OA knee
who received TKA in our hospital between August 1st,
2015 to October 31th, 2016 were collected prospectively.
The inclusion criteria were patients with mental health

that could signed the informed consent form and com-
pleted all the functional status questionnaires and mea-
surements of this study. The exclusion criteria were
patients undergone simultaneous bilateral TKA and re-
vised TKA.

Data collection
All angles of lower extremity alignment were measured on
the long leg radiograph. The hip-knee-ankle angle
(HKAA), knee alignment angle (KAA), tibial joint line ob-
liquity angle (TJLA), lateral distal femur angle (LDFA),
medial proximal tibial angle (MPTA), angle between the
mechanical axis of femur and anatomical axis (AA) were
measured preoperatively [9] (Fig. 1). All measurements
were performed independently by two blinded observers
using the GeoGebra 5.0 software (International GeoGebra
Institute, Austria, 2016). When the measurement value
was different, the revised one was determined after re-
measurement and discussion by the two observers.
The phenotypes of the knee were categorized mainly ac-

cording to the difference of mechanical alignment of the
femur and the tibia (LDFA and MPTA), as described
below:

1. The mechanical alignment of the femur was divided
into varus, neutral, and valgus alignment. Varus was
defined as LDFA≧90°, neutral as 87° ≤ LDFA <
90°and valgus as LDFA< 87° [9].

2. The mechanical alignment of the tibia was defined
as varus, neutral and valgus alignment of the tibia.
Varus was defined as MPTA < 87° and neutral as
90° >MPTA≧87° and valgus as MPTA≧90°.

Based on the above different alignments of tibia and
femur, five most common knee phenotypes could be cat-
egorized (Fig. 2), as described by our previous study [9]:
Type 1 knee had neutral alignments in lower limb, the
femur and the tibia (Mean HKAA: 0.6°, LDFA 88.0°,
MPTA 87.0°). Type 2 knee also had a neutral alignment
of the lower limb, but a high degree of joint obliquity of
the knee (Mean HKAA: -0.4°, LDFA 85.0°, MPTA 85.1°).
Type 3 knee had a varus alignment of the lower limb,
but the distal femur remained valgus or neutral (Mean
HKAA 4.2°, LDFA 88.0°, MPTA 83.5 °). The main cause
of varus alignment of the lower limb was due to prox-
imal tibia varus alignment. Type 4 knee had concomitant
varus alignment of the tibia and femur (Mean HKAA
5.6°, LDFA 91.4°, MPTA 85.2°). A high degree of varus
lower limb alignment and lateral bowing of the femur
are usually observed in this type of knee. Type 5 knee
had a valgus alignment of the lower limb with femur
exhibiting a valgus alignment, but the tibia had a neutral
or valgus alignment (Mean HKAA: -4.2°, LDFA 84.6°,
MPTA 88.8°). Patients with valgus tibia alignment
(MPTA≧90°) were included in type 5 knee for their
number was very small and the operation method was
similar to type 5 knee [9]. The lower limb alignment was
valgus, which was mainly contributed by the femur.
We set different alignment targets for LDFA and

MPTA according to each original phenotype of the knee.
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The preoperative planning, surgical technique, pain
management, and rehabilitation program were as
follows.

Preoperative planning
We first determined the original phenotype of the knee
according to the alignment of the tibia and femur as de-
scribed above. For type 1 knee, which has a neutral
alignment and transverse joint line, we cut the distal
femur and proximal tibia parallel to the original joint
line. No adjustment of alignment was made. For type 2
knee, which is characterized by a high oblique joint line,
we adjusted the LDFA and MPTA 2–3° to decrease the
joint line obliquity. The target of LDFA and MPTA was
set at 87°. For type 3 knee, which has a high degree tibia
varus, we cut the distal femur according to the original
joint line, and the target of tibia alignment adjustment
for MPTA was 85–87°. For type 4 knee, which is

characterized by a concomitant varus tibia and femur,
the femur usually has lateral bowing with LDFA> 95°.
We adjusted the LDFA to 90–93° and the MPTA to 85–
87° to correct the varus alignment of the lower limb. For
type 5 knee, which has a valgus femur, the target of
LDFA was set at 87°, and the target of MPTA was set at
90°. The targets of alignment adjustment for each
phenotype are described in Fig. 3.

Intraoperative surgical technique
All surgeries were performed by a team lead by single
experienced surgeon utilizing a posterior stabilized knee
(Zimmer Biomet, LPS flex, Warsaw Indiana, USA) using
midline skin incision with a medial parapatellar arthrot-
omy. After removal of all the osteophytes, the superficial
and deep medial collateral ligaments were released for
better exposure. The distal femur was first resected to
achieve the target LDFA. A designed cutting guide was

Fig. 1 Measured Coronal Knee Alignment Angles. The five angles were defined as the following: a The Hip–knee–ankle angle (HKAA): the angle
between the mechanical axis of the femur and the tibia. The value of HKAA was defined as positive in varus alignment. b Lateral distal femoral
angle (LDFA): the lateral angle between the mechanical axis of the femur and the distal femur joint line, which is defined as the connection of
the lowest points of the medial and lateral femoral condyle. c Medial proximal tibial angle (MPTA): the medial angle between the mechanical axis
of the tibia and the proximal tibia joint line, which is defined as the connection of the lowest points of the medial and lateral tibial plateau. d
Angle between the femoral anatomical axis and the mechanical axis (AA-MA): the angle between the mechanical axis and the anatomical axis of
the femur. e Knee alignment angle (KAA): the angle between the anatomical axis of the femur and the anatomical axis of the tibia in the short
film of the knee. The value of KAA was defined as positive in varus alignment and as negative in valgus alignment. f Tibial joint line angle (TJLA):
the angle formed by the parallel line to the floor and the proximal tibia joint line. If the two lines intersect with an angle on the lateral side of
the leg, it is a medial open angle. If two lines intersect with an angle on the medial side of the leg, it is a lateral open angle. Lateral open angle is
presented as a positive value, medial open angles as a negative angle. g Joint Line Convergence Angle (JLCA): the angle between the knee joint
lines of the distal femur and proximal tibia
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used to evaluate the thickness of the distal femur cut
(Fig. 4). In a varus knee, the ideal distal femur cut should
be 7mm and 9mm for the medial and lateral sides, re-
spectively. If adjustment of the distal femur cut is made,
each 1° change requires a cut of 0.65–0.7 mm [10]. The
thickness of bone cut should be measured again until
the target range is achieved. Then, the knee was flexed
to 90°. The femoral axial rotation was set parallel to the
preoperative-planned MPTA target. A designed cutting

guide was used to evaluate the thickness of posterior
femur cut. In a varus knee, the ideal posterior femur cut
should be 11mm and 10mm for the medial and lateral
sides, respectively. Each 1 millimeter adjustment can be
estimated to correspond to 1.2°-1.5° rotational change of
the femoral axis [10]. The posterior femur cut should be
2 mm less than the thickness of the prosthesis to reduce
the flexion instability (the posterior thickness of a Zim-
mer LPS flex is 12 mm), as the release of the posterior

Fig. 2 The five most common knee phenotypes categorized according to the difference of mechanical alignment of the femur and the tibia
(LDFA and MPTA)

Fig. 3 The algorithm for target angles of LDFA and MPTA according to original phenotype of knee
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cruciate ligament increases the flexion gap by 2-3 mm
[11]. Femoral component sizing was measured using a
posterior condyle referencing device. After cutting the
femur bone, the proximal tibia was cut according to the
target MPTA with 5° of posterior slope. Trial implants
were placed, and soft tissue releases were performed to
create balanced extension and flexion gaps. A balanced
gap is usually achieved with subperiosteal release of
superficial and deep medial collateral ligament (MCL),
transverse, and longitudinal incision of the posteriome-
dial capsule without release of pes anserinus and pie
crust of the deep MCL.
In a valgus knee, the distal femur bone was cut to

form an LDFA of 87°. The proximal tibia was cut with a
jig perpendicular to the mechanical axis of the tibia, pos-
terior slope 5°, such that the MPTA was 90°. Then the
knee was placed in the extended position, and a trial in-
sert was placed. Release of the iliotibial band, arcuate
ligament, and lateral posterior capsule were performed
to balance the extension gap. Then the knee was flexed
to 90°, the femoral axial rotation was set parallel to the
tibial plateau, which was cut perpendicular to the tibial
mechanical axis. For a valgus knee, the ideal posterior

femur cut should be 11 mm and 8mm for the medial
and lateral sides, respectively.

Post-operative evaluation
Patients were followed-up at 2 weeks, 1 month, 3
months, 6 months, 1 year, and 2 year after operation.
Postoperative HKAA, LDFA, MPTA, KAA, and TJLA
were measured in a long leg radiograph at 6 months
follow-up. ROM, OKS and CKSS were recorded at 12
months after the operation.

Statistical analysis
Data plotting and statistics were processed using the
GraphPad Prism software for Mac OS X. Values repre-
sent the mean ± SD. All data were processed for Gauss-
ian distribution with D’Agostino & Pearson normality
test initially. The patients’ demographics, knee alignment
angles (HKAA, KAA, TLJA, MPTA, LDFA), and func-
tional knee scores (OKS, CKSS, ROM) were assessed
with the Wilcoxon matched-pair signed rank test and
one-way ANOVA. The level of significance was set at
p < 0.05.

Fig. 4 Measure resection of distal and posterior femur condyle: a Distal and posterior femur cutting guide, b Distal femur cutting guide. c Posterior
femur cutting guide, d Caliper to check the thickness of bone cut
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Results
A total of 123 patients (140 knees) received the oper-
ation during the study period. One patient with diabetes
who encountered prosthesis infection received two-stage
revisional TKA was excluded. A total of 122 patients
(139 knees) were included in the final analysis. The 3-
year survival rate was 99.3% for all-cause revision and
was 100% for revision other than infection. No aseptic
loosening or instability was observed.

The demographics, preoperative and postoperative
knee alignment angles and functional scores of the 122
patients are shown in Table 1. Their mean follow-up
time was 36.5 months (31 to 42). The preoperative lower
limb alignment distribution of the 139 knees were 28
(20.1%) with neutral alignment, 99(71.2%) with varus
alignment, and 12 (8.6%) with valgus alignment. Signifi-
cant improvement was observed in HKAA, KAA, TJLA,
MPTA, OKS, CKSS, and ROM after the operation.
Using the phenotype-oriented KA method, the postop-

erative distribution of the LDFA converged to 86° to 90°
(Fig. 5) and the postoperative distribution of the MPTA
converged to 84° to 86° (Fig. 6). In contrast to the
MPTA, the postoperative LDFA had no significant dif-
ference compared to the preoperative LDFA (Table 1
and Fig. 5).
The functional and radiographic outcomes of each

phenotype of knee are shown in Tables 2, 3, 4, 5 and 6.
Significant improvement in functional outcomes was ob-
served in all five knee phenotypes. For the type 1 knee,
no significant radiographic change was noted between
preoperative and postoperative parameters (Table 2). For
the type 2 knee, no significant radiographic change ex-
cept a significant improvement in HKAA(P = 0.04) was
observed (Table 3). For type 3 knee, significant changes
were found in all radiographic parameters except in
LDFA. Though residual postoperative varus existed in
MPTA, the postoperative joint line remained relatively
parallel to the ground (TJLA = 1.31°) (Table 4). For type
4 knee, significant changes were noted in all radio-
graphic parameters including the LDFA. Residual post-
operative varus existed in MPTA, but the postoperative
joint line also remained relatively parallel to the ground
(TJLA = 1.29°) (Table 5). For the type 5 knee, significant
changes were noted in all radiographic parameters ex-
cept in MPTA and TJLA. The valgus alignment got

Table 1 Demographics and radiographic findings of 122
patients treated with phenotype-oriented KA-TKA

Pre-operative data Post-operative data

Male: Female (n = 122) 35:87 35:87

Age (years±S.D) 70.5 ± 7.08 70.5 ± 7.08

Left: Right (n = 139) 76:63 76:63

HKAA (° ± S.D) 8.9 ± 8.50 3.4 ± 3.64****

AA (° ± S.D) 6.9 ± 2.09

KAA (° ± S.D) 0.6 ± 6.4 −4.5 ± 2.6****

TJLA (° ± S.D) 2.4 ± 3.42 1.0 ± 1.80****

LDFA (° ± S.D) 88.4 ± 3.15 88.1 ± 2.14 (p = 0.069)

MPTA (° ± S.D) 83.3 ± 3.53 85.2 ± 2.47****

OKS (Points ± S.D) 17.6 ± 7.66 44.0 ± 3.31****

KSFS (Points ± S.D) 90.2 ± 30.59 172.1 ± 14.56****

ROM (° ± S.D) 92.0 ± 24.08 119.3 ± 8.86****

Phenotype

I (%) 5 (3.6) 15 (10.8)

II (%) 23 (16.5) 27 (19.4)

III (%) 64 (46.0) 63 (45.3)

IV (%) 35 (25.2) 25 (18.)

V (%) 12 (8.6) 9 (6.4)

**** P < 0.001

Fig. 5 Distribution of preoperative and postoperative LDFA
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significant correction compared to preoperative align-
ment (Table 6).
Table 7 shows the comparison of postoperative knee

alignment parameters and functional outcomes between
the five knee phenotypes. Though significant difference
was noted in postoperative knee alignment parameters
between the five knee phenotypes, no significant differ-
ence was found in functional outcomes including OKS,
CKSS and ROM between the five knee phenotypes.

Discussion
The aim of this study was to investigate the distribution
of the five phenotypes in advanced OA population and
the clinical outcomes of this phenotype-oriented KA-
TKA. The results showed that 71.2% of advanced OA
were varus knee, which comprised either tibial varus
(type 3) or both tibial and femoral varus (type 4) pheno-
type, 20.1% were neutral knee, which comprised trans-
verse joint line (type 1) and oblique joint line (type 2)
phenotype, 8.6% were valgus knee (type 5) phenotype.
With individualized alignment targets for the KA
method, all five knee phenotypes had significantly

improved functional outcomes and a total survival rate
of 99.3% in the 3-year follow-up period.
The distribution of knee phenotype in the advanced

OA population was different from that in the non-
arthritic population. In the non-arthritic population,
constitutional varus accounted for 20–30% [9, 12]. In
the present study, 71.2% of varus alignment phenotypes
were observed in the advanced OA population. In the
advanced OA population, the ratio of varus phenotypes
was obviously higher than that in the non-arthritis popu-
lation. The significant increased ratio of varus alignment
phenotypes may contributed to the higher incidence of
advanced OA knee in population with constitutional
varus knee. A report by Sharma et al. showed that non-
arthritis patients with varus alignment had a significantly
higher risk of onset of OA in a 30-month period of ob-
servation [13]. Higano et al. also noted that patients with
constitutional varus knee had a significant higher risk
than non-varus knee progressing to advanced OA knee
in a 20-year prospective observational study [14]. These
findings suggested that in most cases, advanced varus
OA knee were progressed from constitutional varus knee
rather than from neutral-aligned knee. Restoring the

Fig. 6 Distribution of preoperative and postoperative MPTA

Table 2 Preoperative and postoperative data of type 1 knee

(n = 5) Pre-operative Post-operative p-value

HKAA 2.9 ± 4.82 −0.8 ± 1.58 0.18

AA 5.7 ± 2.32

KAA −2.2 ± 4.58 −5.5 ± 2.21 0.19

TJLA 1.8 ± 2.13 1.4 ± 1.74 0.80

LDFA 88.7 ± 1.71 87.0 ± 1.05 0.23

MPTA 87.6 ± 0.67 88.2 ± 1.03 0.17

OKS 15.6 ± 8.11 45.40 ± 2.19 < 0.01

CKSS 91.8 ± 24.24 176.8 ± 18.02 < 0.01

ROM 91.4 ± 30.41 122.4 ± 3.85 0.11

Table 3 Preoperative and postoperative data of type 2 knee

(n = 23) Pre-operative Post-operative p-value

HKAA 3.7 ± 7.07 1.2 ± 2.11 0.04

AA 5.4 ± 1.32

KAA −2.0 ± 6.67 −4.4 ± 2.50 0.11

TJLA 1.2 ± 3.68 1.2 ± 1.58 0.94

LDFA 85.0 ± 3.20 85.9 ± 1.84 0.15

MPTA 84.4 ± 2.33 85.3 ± 2.18 0.08

OKS 17.8 ± 8.22 44.6 ± 2.57 < 0.01

CKSS 91.7 ± 33.68 172.7 ± 13.23 < 0.01

ROM 93.7 ± 25.11 117.6 ± 10.67 < 0.01
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advanced varus arthritic knee to pre-arthritic constitu-
tional varus knee may decrease soft tissue adjustment
and preserve normal knee kinematics [15]. KA-TKA ac-
cording to original knee phenotype allows simultaneous
improvement in surgical outcomes and avoidance of ex-
treme malalignment that may compromise long-term
outcomes.
The average postoperative MPTA in our study was

85.2 ± 2.47°, which was smaller than in previous reports
of KA-TKA [2, 16]. However, we included 34 patients
with both varus alignment of femur and tibia (type 4
knee), which were excluded in previous similar studies,
that may account for the lower MPTA in our study. The
varus inclination of the tibial component may be a con-
cern for long term survival of the prosthesis and early
loosening [17]. However, good functional outcome and a
10-year implant survival rate of 97.5% have been re-
ported for varus outlier of tibial alignment [8, 18]. Re-
cent studies further indicated that the main causes of
tibial component failure were posterior subsidence, pos-
terior edge wear, and varus femur component, rather
than medial subsidence or tibia varus [19, 20].
The average LDFA of our study was 88.1 ± 2.14°,

which is similar to the findings in previous studies: The
LDFA is 1.3 to 2° more valgus than that of MA-TKA
[21–23]. The preserved valgus orientation of the distal

femur counteracts the varus orientation of the tibia and
balances the load to the medial and lateral compartment,
which creates a parallel joint line to the ground though
residual varus of tibia is present [24, 25].
In previous randomized trials comparing the KA with

the MA method, the postoperative OKS, CKSS, and
ROM ranged from 40 to 42 points, 160–190 points and
119–121° in KA group, respectively. Except a random-
ized study which used computer navigation in the MA
group [21], KA-TKA performed with PSI had overall
better functional outcome than MA-TKA [21–23]. In
our protocol, the postoperative OKS, combined KSS and
ROM were 44.0 ± 3.31 points, 172.1 ± 14.56 points and
119.3 ± 8.86°, respectively, which were comparable with
that of previous KA-TKA studies. These findings suggest
that this phenotype-oriented KA-TKA is a practical and
reliable method for KA-TKA especially when PSI or
computer navigation is not available.
Using our protocol, similar great functional improve-

ment were observed in all patients, though significant
difference were found in postoperative alignment param-
eters between the five knee phenotypes. This finding
supports the rationality of setting individualized align-
ment target according to original knee phenotype. This
is the first study to evaluate the surgical outcomes of
TKA performed using the KA method without naviga-
tion or PSI. By determining the preoperative knee
phenotype, setting alignment targets, and using the bone
cut thickness as a check reference, it was possible to per-
form TKA as planned. Our data showed that this
phenotype-oriented KA method was a safe and accurate
approach for TKA with generic instruments. This
method enabled preoperative-planned alignment be-
tween the original anatomy and mechanical alignment,
while avoiding excessive soft tissue release and preserv-
ing the original knee kinetics [26, 27]. In this study, we
provide target alignment angles for each type of OA
knee and detailed surgical techniques. Our results
showed that this approach had excellent functional out-
comes and a 99.3% implant survival rate over a 3-year

Table 4 Preoperative and postoperative data of type 3 knee

(n = 65) Pre-operative Post-operative p-value

HKAA 11.83 ± 5.13 4.40 ± 2.58 < 0.0001

AA 7.26 ± 1.69

KAA 2.65 ± 4.56 −4.35 ± 2.45 < 0.0001

TJLA 2.86 ± 2.49 1.31 ± 1.06 < 0.0001

LDFA 88.61 ± 1.20 88.26 ± 1.48 0.0735

MPTA 82.03 ± 3.08 84.57 ± 2.22 < 0.0001

OKS 17.89 ± 7.76 43.74 ± 3.73 < 0.0001

KSFS 86.40 ± 32.43 170.6 ± 16.57 < 0.0001

ROM 91.29 ± 24.72 119.5 ± 8.35 < 0.0001

Table 5 Preoperative and postoperative data of Type 4 knee

(n = 34) Pre-op of Type 4 Post-op of Type 4 p-value

HKAA 14.09 ± 4.14 5.63 ± 2.97 < 0.0001

AA 8.41 ± 1.71

KAA 3.19 ± 3.88 −3.92 ± 2.75 < 0.0001

TJLA 4.22 ± 2.67 1.29 ± 1.24 < 0.0001

LDFA 91.66 ± 1.39 90.01 ± 1.72 < 0.0001

MPTA 82.42 ± 2.81 84.69 ± 1.91 < 0.0001

OKS 18.25 ± 6.80 44.33 ± 3.13 < 0.0001

KSFS 97.31 ± 24.33 173.9 ± 11.27 < 0.0001

ROM 93.00 ± 22.84 120.5 ± 8.75 < 0.0001

Table 6 Preoperative and postoperative data of type 5 knee

(n = 12) Pre-operative Post-operative p-value

HKAA −9.64 ± 4.04 −2.88 ± 2.80 0.0012

AA 4.21 ± 1.67

KAA −12.46 ± 3.39 −6.61 ± 1.90 0.0004

TJLA −2.75 ± 4.12 −2.20 ± 3.30 0.5297

LDFA 83.22 ± 1.35 86.65 ± 1.94 0.0002

MPTA 89.39 ± 1.98 89.14 ± 1.90 0.6799

OKS 14.00 ± 8.49 43.08 ± 3.06 < 0.0001

KSFS 85.75 ± 33.89 171.3 ± 13.85 < 0.0001

ROM 89.58 ± 23.40 116.4 ± 9.62 0.0012
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period. We recommend the phenotype-oriented KA
method when PSI is not available or for cases with type
4 knee (both femur and tibia varus).
This study has a number of limitations. First, the study

had no MA group as a control to compare functional
and radiographic outcomes. However, compared to the
results of previous randomized control comparing the
KA with the MA method, we found that the radio-
graphic and functional outcomes were comparable with
that of KA-TKA performed with PSI, which was superior
to the MA group [21–23]. Second, the three-year follow-
up time was relatively short to assess long-term compli-
cations such as aseptic loosening, which may be affected
by component alignment [4, 28]. Although positive 10-
year results of KA-TKA have been published [8]. The
long term survivorship of varus tibial component in type
3, and type 4 knee phenotypes may be account for the
ground-parallel joint line. Third, the number of cases
were relatively small. Further studies with a larger popu-
lation should be done to confirm these results.

Abbreviations
OA: Osteoarthritis; TKA: Total knee arthroplasty; MA: Mechanical alignment;
KA: Kinematic alignment; PSI: Patient specific instrument; HKAA: Hip-knee-
ankle angle; KAA: Knee alignment angle; TJLA: Tibial joint line obliquity angle;
LDFA: Lateral distal femur angle; MPTA: Medial proximal tibial angle;
AA: Angle between the mechanical axis of femur and anatomical axis;
MCL: Medial collateral ligament

Acknowledgements
Not applicable.

Authors’ contributions
JTH, KMT and KCH participated in the design of the study. JTH and KMT
carried out the measurement. CEH carried out the statistical analysis. CEH
and KCH conceived of the study, participated in its design and coordination,
and drafted the manuscript. All authors read and approved the final
manuscript.

Funding
Department of Orthopedic Surgery, Asia University Hospital.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
Institutional approval from the Research Ethics Committee China Medical
university & Hospital (IRB number: CMUH108-Rec1–088).

Consent for publication
Not applicable.

Competing interests
No authors of this study have any financial and personal relationships with
other people or organizations, which could result in an inappropriate
influence of this study.

Author details
1Sports Recreation and Health Management Continuing Studies-Bachelor’s
Degree Completion Program, Tunghai University, Taichung 407, Taiwan.
2Department of Orthopedics, Taichung Veterans General Hospital, Taichung,
Taiwan. 3Department of Orthopedics Surgery, Asia University Hospital, 222
Fuxin Rd., Wufeng District, Taichung City 41354, Taiwan. 4Department of
Occupational Therapy, Asia University, Taichung, Taiwan.

Received: 1 September 2020 Accepted: 4 December 2020

References
1. Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KD. Patient

satisfaction after total knee arthroplasty: who is satisfied and who is not?
Clin Orthop Relat Res. 2010;468(1):57–63.

2. Matsuda S, Kawahara S, Okazaki K, Tashiro Y, Iwamoto Y. Postoperative
alignment and ROM affect patient satisfaction after TKA. Clin Orthop Relat
Res. 2013;471(1):127–33.

3. Noble PC, Conditt MA, Cook KF, Mathis KB. The John Insall award: patient
expectations affect satisfaction with total knee arthroplasty. Clin Orthop
Relat Res. 2006;452:35–43.

4. Fang DM, Ritter MA, Davis KE. Coronal alignment in total knee arthroplasty:
just how important is it? J Arthroplast. 2009;24(6 Suppl):39–43.

5. Cherian JJ, Kapadia BH, Banerjee S, Jauregui JJ, Issa K, Mont MA. Mechanical,
anatomical, and kinematic Axis in TKA: concepts and practical applications.
Curr Rev Musculoskelet Med. 2014;7(2):89–95.

6. Howell SM, Kuznik K, Hull ML, Siston RA. Results of an initial experience with
custom-fit positioning total knee arthroplasty in a series of 48 patients.
Orthopedics. 2008;31(9):857–63.

7. MacDessi SJ, Griffiths-Jones W, Chen DB, Griffiths-Jones S, Wood JA, Diwan AD,
Harris IA. Restoring the constitutional alignment with a restrictive kinematic
protocol improves quantitative soft-tissue balance in total knee arthroplasty: a
randomized controlled trial. Bone Joint J. 2020;102-B(1):117–24.

8. Howell SM, Shelton TJ, Hull ML. Implant survival and function ten years after
Kinematically aligned Total knee Arthroplasty. J Arthroplast. 2018;33(12):
3678–84.

9. Lin YH, Chang FS, Chen KH, Huang KC, Su KC. Mismatch between femur
and tibia coronal alignment in the knee joint: classification of five lower
limb types according to femoral and tibial mechanical alignment. BMC
Musculoskelet Disord. 2018;19(1):411.

Table 7 Comparison of postoperative radiographic and functional outcomes among five knee phenotypes after the KA-TKA

Parameters Knee Phenotype P
value1 2 3 4 5

HKAA (° ± S.D) −0.8 ± 1.58 1.2 ± 2.11 4.4 ± 2.58 5.6 ± 2.97 −2.9 ± 2.80 < 0.001

LDFA (° ± S.D) 87.0 ± 1.05 85.9 ± 1.84 88.3 ± 1.48 90.0 ± 1.72 86.7 ± 1.94 < 0.001

MPTA (° ± S.D) 88.2 ± 1.03 85.3 ± 2.18 84.6 ± 2.22 84.7 ± 1.91 89.1 ± 1.90 < 0.001

KAA (° ± S.D) −5.45 ± 2.21 −4.43 ± 2.50 −4.35 ± 2.45 −3.92 ± 2.75 −6.61 ± 1.90 0.03

TJLA (° ± S.D) 1.44 ± 1.74 1.22 ± 1.58 1.31 ± 1.06 1.29 ± 1.24 −2.20 ± 3.30 < 0.001

OKS (Points ± S.D) 45.4 ± 2.19 44.6 ± 2.57 43.7 ± 3.73 44.3 ± 3.13 43.1 ± 3.06 0.570

CKSS (Points ± S.D) 176.8 ± 18.02 172.7 ± 13.23 170.6 ± 16.57 173.9 ± 11.27 171.3 ± 13.85 0.809

ROM (° ± S.D) 122.4 ± 3.85 117.6 ± 10.67 119.5 ± 8.35 120.5 ± 8.75 116.4 ± 9.62 0.529

Hsu et al. BMC Musculoskeletal Disorders          (2020) 21:839 Page 9 of 10



10. Fehring TK. Rotational malalignment of the femoral component in total
knee arthroplasty. Clin Orthop Relat Res. 2000;380:72–9.

11. Kadoya Y, Kobayashi A, Komatsu T, Nakagawa S, Yamano Y. Effects of
posterior cruciate ligament resection on the tibiofemoral joint gap. Clin
Orthop Relat Res. 2001;391:210–7.

12. Bellemans J, Colyn W, Vandenneucker H, Victor J. The Chitranjan Ranawat
award: is neutral mechanical alignment normal for all patients? The concept
of constitutional varus. Clin Orthop Relat Res. 2012;470(1):45–53.

13. Sharma L, Song J, Dunlop D, Felson D, Lewis CE, Segal N, Torner J, Cooke
TD, Hietpas J, Lynch J, et al. Varus and valgus alignment and incident and
progressive knee osteoarthritis. Ann Rheum Dis. 2010;69(11):1940–5.

14. Higano Y, Hayami T, Omori G, Koga Y, Endo K, Endo N. The varus alignment
and morphologic alterations of proximal tibia affect the onset of medial
knee osteoarthritis in rural Japanese women: case control study from the
longitudinal evaluation of Matsudai knee osteoarthritis survey. J Orthop Sci.
2016;21(2):166–71.

15. Howell SM, Howell SJ, Kuznik KT, Cohen J, Hull ML. Does a kinematically
aligned total knee arthroplasty restore function without failure regardless of
alignment category? Clin Orthop Relat Res. 2013;471(3):1000–7.

16. Almaawi AM, Hutt JRB, Masse V, Lavigne M, Vendittoli PA. The impact of
mechanical and restricted kinematic alignment on knee anatomy in Total
knee Arthroplasty. J Arthroplast. 2017;32(7):2133–40.

17. Berend ME, Ritter MA, Meding JB, Faris PM, Keating EM, Redelman R, Faris
GW, Davis KE. Tibial component failure mechanisms in total knee
arthroplasty. Clin Orthop Relat Res. 2004;428:26–34.

18. Howell SM, Papadopoulos S, Kuznik K, Ghaly LR, Hull ML. Does varus alignment
adversely affect implant survival and function six years after kinematically
aligned total knee arthroplasty? Int Orthop. 2015;39(11):2117–24.

19. Nedopil AJ, Howell SM, Hull ML. What mechanisms are associated with
tibial component failure after kinematically-aligned total knee arthroplasty?
Int Orthop. 2017;41(8):1561–9.

20. Lee BS, Cho HI, Bin SI, Kim JM, Jo BK. Femoral component Varus malposition
is associated with Tibial aseptic loosening after TKA. Clin Orthop Relat Res.
2018;476(2):400–7.

21. Young SW, Walker ML, Bayan A, Briant-Evans T, Pavlou P, Farrington B. The
Chitranjan S. Ranawat award : no difference in 2-year functional outcomes
using kinematic versus mechanical alignment in TKA: a randomized
controlled clinical trial. Clin Orthop Relat Res. 2017;475(1):9–20.

22. Calliess T, Bauer K, Stukenborg-Colsman C, Windhagen H, Budde S, Ettinger
M. PSI kinematic versus non-PSI mechanical alignment in total knee
arthroplasty: a prospective, randomized study. Knee Surg Sports Traumatol
Arthrosc. 2017;25(6):1743–8.

23. Dossett HG, Estrada NA, Swartz GJ, LeFevre GW, Kwasman BG. A randomised
controlled trial of kinematically and mechanically aligned total knee
replacements: two-year clinical results. Bone Joint J. 2014;96-B(7):907–13.

24. Hutt JR, LeBlanc MA, Masse V, Lavigne M, Vendittoli PA. Kinematic TKA
using navigation: surgical technique and initial results. Orthop Traumatol
Surg Res. 2016;102(1):99–104.

25. Victor JM, Bassens D, Bellemans J, Gursu S, Dhollander AA, Verdonk PC.
Constitutional varus does not affect joint line orientation in the coronal
plane. Clin Orthop Relat Res. 2014;472(1):98–104.

26. Iizawa N, Mori A, Majima T, Kawaji H, Matsui S, Takai S. Influence of the
medial knee structures on Valgus and rotatory stability in Total knee
Arthroplasty. J Arthroplast. 2016;31(3):688–93.

27. Tsukiyama H, Kuriyama S, Kobayashi M, Nakamura S, Furu M, Ito H, Matsuda
S. Medial rather than lateral knee instability correlates with inferior patient
satisfaction and knee function after total knee arthroplasty. Knee. 2017;24(6):
1478–84.

28. Parratte S, Pagnano MW, Trousdale RT, Berry DJ. Effect of postoperative
mechanical axis alignment on the fifteen-year survival of modern,
cemented total knee replacements. J Bone Joint Surg Am. 2010;92(12):
2143–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hsu et al. BMC Musculoskeletal Disorders          (2020) 21:839 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Material and methods
	Patient enrollment
	Data collection
	Preoperative planning
	Intraoperative surgical technique
	Post-operative evaluation
	Statistical analysis

	Results
	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

