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Abstract

Background: A kinematically aligned (KA) total knee arthroplasty (TKA) is expected to improve patient satisfaction,
but its effect remains controversial. We investigated differences in patient-reported outcomes (PROs) between KA
and non-KA TKAs using an implant that reproduces anatomical geometry.

Methods: TKAs for varus deformity were performed in consecutive 129 patients (149 knees) via a measured resection
technique with conventional instruments. The femorotibial angle (FTA), hip-knee-ankle angle (HKAA), and the angle
between the joint line and the line perpendicular to the mechanical axis (AJLMA) were measured postoperatively
(mean 13.6 months), and an AJLMA of ≥ 2° was defined as kinematic alignment. Patients were assigned to two or three
alignment categories in each measurement method, and the Knee Society Scores (KSS) and Japanese Knee Injury and
Osteoarthritis Outcome Scores (J-KOOS) was compared among the groups.

Results: For patients assessed by FTA, an ADL-related J-KOOS subscale (J-KOOS-A) showed a significant difference
between valgus and varus outliers (p < 0.05). When assessed by HKAA, neither the KSS nor J-KOOS subscales were
significantly different among groups. When assessed by AJLMA, J-KOOS-A was significantly different between groups,
and a group for AJLMA of ≥ 2° had higher scores than a group for AJLMA of < 2° (95% CI 0.323–7.763; p < 0.05).

Conclusions: Patients with an AJLMA of ≥ 2° reported significantly higher patient’s satisfaction regarding ADL. This
suggests the importance of restoration of the physiological joint line which can be achieved via KA TKAs.

Keywords: Total knee arthroplasty (TKA), Anatomical geometry, Limb alignment, Kinematic alignment, Patient-reported
outcomes (PROs)

Background
Postoperative restoration of a neutral limb alignment to
preserve knee function and longevity has been the primary
goal of conventional total knee arthroplasty (TKA) over
the past two decades [1, 2]. Conventional TKAs have re-
lieved patients’ symptoms of pain and corrected deform-
ities, resulting in improvements in the activities of daily
living (ADL). However, in general, patients’ satisfaction
with TKAs is not as favorable as it is for total hip

arthroplasties [3–5], generating the need for improved
surgical techniques and new technological developments.
Recently, kinematically aligned (KA) TKAs were intro-

duced by Bellemans [6]. With KA TKAs, the femoral
and tibial components are implanted with mild varus
limb alignment, relative to neutral alignment, in order to
restore the physiological joint line to a pre-arthritic state.
Whether KA TKAs are superior to the mechanically
aligned (MA) TKAs based on patients’ postoperative sat-
isfaction has been an ongoing point of debate [7–9]. Fur-
thermore, little information is available in terms of the
postoperative association between the limb alignment
and patient-reported outcomes (PROs) in KA TKAs.
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The FINE total knee (Teijin-Nakashima Medical, Oka-
yama, Japan) has unique design features, including a
femorotibial joint line with an oblique 3° angle (Fig. 1).
This feature enables the implant to reproduce anatom-
ical geometry and allows the osteotomy to be performed
perpendicular to the mechanical axis. The FINE total
knee is also designed to guide internal movements of the
tibia via medial pivotal rotation, thus permitting deeper
flexion of the knee to better match the lifestyle needs of
Japanese populations [10]. The medial surface of the
polyethylene insert has a convex curve which is designed
to increase the rate of conformity to the femoral compo-
nent, thereby enhancing internal rotation of the tibia.
Conversely, the lateral surface has a flat surface which
has been designed to allow femoral rollback, thereby en-
hancing internal rotation of the tibia via medial pivotal
motion [10]. Hence, the design concepts of FINE total
knee facilitate to obtain kinematic alignment via conven-
tional osteotomy performed for MA TKAs.
The aim of the present study was to investigate, retro-

spectively, whether there are differences in the postoper-
ative patient-reported outcomes (PROs) including Knee
Society Score (KSS) and Knee Injury and Osteoarthritis
Outcome Score (KOOS) in different alignment categor-
ies for patients undergoing TKAs using the FINE total
knee. We hypothesized that the KSS would be similar
among the groups, but that patients with kinematic
alignment would have a higher KOOS compared with
those without it.

Patients and methods
Patients
A total of consecutive 129 patients (24 males and 105 fe-
males) underwent primary TKAs (149 knees) for varus
knees resulting from osteoarthritis or rheumatoid arth-
ritis at our institution between August 2013 and January
2016 and were included in this study. The exclusion cri-
teria included valgus deformity, occurrence of fractures
in lower limbs receiving TKAs, and deterioration of de-
mentia during the follow-up period. Preoperative patient
demographics and knee physical function indicators
such as deformities, range of movement (ROM), and
KSS are shown in Table 1.

Surgical procedures
All implants used in this study were FINE total knee, of
which 115 were the cruciate-retaining type and 34 were
the posterior ligament-substituting type. Surgeries were
performed using a measured resection technique and
conventional instruments, that is, the distal femoral
osteotomy was conducted perpendicular to the mechan-
ical axis and the posterior condyle was osteotomized
parallel to the surgical epicondylar axis; a tibial osteot-
omy was subsequently conducted perpendicular to the
anatomical axis of the tibia. Following osteotomy, adjust-
ments for soft tissue balancing were performed before
the implants were fixed to the bone with cement.

Radiographic examinations
At the time of follow-up, we measured and assigned cat-
egories for the coronal alignment of lower limbs using
different evaluations for the angles assessed; the femoro-
tibial angle (FTA) was the angle between the anatomical

Fig. 1 The FINE total knee. The femoral condyle has an asymmetric
shape and femorotibial joint line with an oblique 3° angle both in
coronal (left) and axial (right) planes which is incorporated into the
implant design. The medial surface of the polyethylene insert has a
convex curve while the lateral surface possesses a flat surface. FINE
reproduces anatomical geometry by conducting osteotomy
perpendicular to the mechanical axis

Table 1 Patients’ demographics, preoperative deformities, ROM,
and KSS

Number of patients (male/female) 129 (24/105)

Implant type (CR/PS) 115/34

Age, years old 73.8 ± 8.1

BMI, kg/m2 26.5 ± 4.6

Follow-up period, months (range) 13.6 ± 2.6 (12–24)

FTA, degrees 185.0 ± 5.4

HKAA, degrees 13.1 ± 6.4

Extension, degrees − 9.3 ± 11.0

Flexion, degrees 120.6 ± 17.1

ROM, degrees 111.3 ± 24.3

KSS-KS 44.5 ± 13.0

KSS-FS 36.9 ± 20.1

KSS-Combined 81.4 ± 27.6

CR cruciate-retaining, PS posterior cruciate ligament-substituting, BMI body
mass index, FTA femorotibial angle, HKAA hip-knee-ankle angle, ROM range of
movement. Data are expressed as a mean ± SD
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axes of the femur and tibia (Fig. 2a), and the
hip-knee-ankle angle (HKAA) was the angle between the
mechanical axes of the femur and tibia (Fig. 2b). In
addition to these radiographic examinations, we mea-
sured the angle between the joint line and the line per-
pendicular to the mechanical axis (AJLMA) to
investigate whether the implants were set in kinematic
alignment (Fig. 2c right, asterisk). FTAs and HKAAs
were evaluated and considered in-range if the angle was
173–177° and − 3 to 3°, respectively, whereas values out-
side of this range were categorized as either varus or val-
gus outliers in reference to the previous publication [11].
For the AJLMA category, we assigned patients into two
groups: group A included patients with an AJLMA of <
2° and group B included patients with an AJLMA of ≥
2°. Group B, but not group A, was defined as kinematic
alignment.

PROs
We used the KSS as an objective evaluation of knee
function, which consists of the knee score (KSS-KS), the
function score (KSS-FS), and their combined score
(KSS-combined). In addition to the KSS, we examined
the Japanese KOOS (J-KOOS), an instrument of con-
firmed validity and reliability for PROs based on its
cross-cultural adaptation [12]. The KOOS consisted of a
total of 42 knee-related items, and each item was scored

from 0 to 4. Five KOOS subscales, including symptoms
(KOOS-S), pain (KOOS-P), ADL (KOOS-A), sports/re-
creation (KOOS-SP), and quality of life (KOOS-Q), were
converted to 100 points [13]. This study was approved
by the institutional review board at our institution (ap-
plication number: S17012). All activities were performed
in accordance with the ethical standards set forth in the
Declaration of Helsinki.

Statistical analysis
The reliability of each radiographic measurement was
assessed using intraclass correlation coefficients. All
radiographic measurements in this study showed good
reliability (all values > 0.8). We compared the KSS and
J-KOOS among different alignment categories of pa-
tients assessed by FTA, HKAA, and AJLMA. Results
were expressed as the mean ± standard deviation (SD).
Comparisons between patients assessed by FTA and
HKAA were performed by one-factor ANOVA, and
those between groups A and B for AJLMA assessments
were performed using a t test. A statistical power ana-
lysis was performed prior the study; based on a prespeci-
fied significance level of α < 0.05 and by assuming a
medium effect size (= 0.5), the power required was esti-
mated to be 0.8 by using G*Power 3. The estimated sam-
ple size was 64 patients. Data analyses were performed
using SPSS software, version 21 (SPSS Inc., Chicago, IL,

A B

C

Fig. 2 The femorotibial angle (FTA) is the angle between the anatomical axes of the femur and tibia (a), the hip-knee-ankle angle (HKAA) is the
angle between the mechanical axes of the femur and tibia (b), and AJLMA is the angle between the joint-line and the line perpendicular to the
mechanical axis (c right, asterisk). A dotted box in the left is magnified in the right. MA, mechanical axis; JL, joint line
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USA), and p values of < 0.05 were considered to be sta-
tistically significant.

Results
Postoperative limb alignment, ROM, KSS, and J-KOOS
are shown in Table 2. Overall, average KSS-KS, KSS-FS,
and KSS-combined scores were 96.1, 74.1, and 170.2, re-
spectively. The J-KOOS-S, J-KOOS-P, J-KOOS-A,
J-KOOS-SP, and J-KOOS-Q were 80.3, 87.1, 85.2, 48.6,
and 62.0, respectively.
When patients were postoperatively assessed by FTA,

74.5% of them were in-range (173–177°). Both valgus
(168–172°) and varus (178–181°) outliers were 12.8%
(Fig. 3a). There were no significant differences among
groups for the KSS-KS, KSS-FS, and KSS-combined as
well as the J-KOOS-S, J-KOOS-P, J-KOOS-SP, and
J-KOOS-Q; however, there was a significant difference
(p < 0.05) in the J-KOOS-A between valgus and varus
outliers (Table 3, left).
When patients were assessed by HKAA, 64.4% were

in-range (− 3 to 3°). Valgus (≤ 4°) and varus (≥ 4°) outliers
were 1.3% and 34.2%, respectively (Fig. 3b). There were
no significant differences in KSS-KS, KSS-FS, and
KSS-combined among the groups. Furthermore, none of
the J-KOOS subscales were significantly different among
groups (Table 3, middle).
For patients assessed by AJLMA, 50.3% fit into group

A (< 2°) and 49.7% fit into group B (≥ 2°) (Fig. 3c). There
were no significant differences in the KSS-KS, KSS-FS,
and KSS-combined between groups A and B. Of the
J-KOOS subscales, J-KOOS-A alone was significantly
different between groups, with group B demonstrating

significantly higher scores than group A (Table 3, right;
95% CI 0.323–7.763, p < 0.05).

Discussion
The most important findings of the present study were
that patients with a postoperative AJLMA of ≥ 2° scored
significantly higher in J-KOOS-A than those with a post-
operative AJLMA of < 2°, and there were no significant
differences in other J-KOOS subscales and the KSS be-
tween groups. These results suggest that reproducing
the physiological joint line is important in order to reach
higher levels in the ADL after TKA.
The FINE total knee is a unique prosthesis that has an

oblique 3° angle in the medial femoral condyle and the
polyethylene insert [10]. This design could have advan-
tages considering implants are set in kinematic align-
ment by performing the osteotomy in neutral alignment.
Most implants that are currently used in the world have
symmetrical medial and lateral femoral condyles de-
signed to be implanted perpendicular to the mechanical
axis. Therefore, in order to set such implants in kine-
matic alignment, surgeons have to perform a distal fem-
oral osteotomy with more valgus alignment than
normal. Furthermore, the posterior condyle has to be
osteotomized with mild internal rotation relative to nor-
mal. These KA TKAs, using conventional implants, can
be a cause of concern in relation to long-term clinical
results, loosening of implants, or longevity of the poly-
ethylene inserts [8, 9, 14, 15]. Ishikawa et al. have re-
ported that patellofemoral and tibiofemoral contact
stresses were increased in KA TKAs when the femoral
component was implanted in a more valgus and intern-
ally rotated position, and with the tibial component in a
more varus and internally rotated position [15].
It is still controversial as to whether KA TKAs are su-

perior to MA TKAs in terms of patient satisfaction. Dos-
sett et al. have reported that the use of a kinematic
alignment technique provided better pain relief and re-
stored better function and range of movement than a
mechanical alignment technique [7]. Conversely, Water-
son et al. [8] and Young et al. [9] have reported that
there were no significant differences in the KOOS, KSS,
SF-36, EQ-5D, 2-min walk, Timed Up and Go (TUG),
Oxford Knee Score (OKS), WOMAC, and Forgotten
Joint Scores. Thus, randomized control trials (RCTs) so
far have not revealed that the KA TKA is superior to the
MA TKA in terms of PROs. However, in these RCTs, au-
thors compared postoperative clinical results simply
based on the difference in surgical procedures (i.e., KA
TKAs versus MA TKAs) and not by differences in the
limb alignment (i.e., in-range versus varus or valgus out-
liers and kinematic versus non-kinematic alignments).
Thus, it is questionable as to whether the implants were
actually set in kinematic alignment, even for KA TKAs.

Table 2 Postoperative limb alignment, ROM, KSS, and J-KOOS

FTA, degrees 175.1 ± 2.2

HKAA, degrees 2.52 ± 3.43

AJLMA, degrees 1.44 ± 1.59

Extension, degrees − 0.95 ± 3.32

Flexion, degrees 122.1 ± 14.2

ROM, degrees 121.2 ± 15.5

Increase in ROM, degrees 9.7 ± 18.6

KSS-KS 96.1 ± 5.0

KSS-FS 74.1 ± 20.3

KSS-Combined 170.2 ± 22.6

J-KOOS-S 80.3 ± 14.2

J-KOOS-P 87.1 ± 13.4

J-KOOS-A 85.2 ± 11.6

J-KOOS-SP 48.6 ± 28.5

J-KOOS-Q 62.0 ± 21.9

FTA femorotibial angle, HKAA hip-knee-ankle angle, AJLMA angle between the
joint-line and the line perpendicular to the mechanical axis, ROM range of
movement. Data are expressed as a mean ± SD
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Therefore, in the present study, we assigned patients
into two groups for the assessment of the AJLMA, such
that the effect of “true” kinematic alignment could be
discerned on the basis of PROs to clarify the
relationship.
Hutt et al. have reported the postoperative joint line

orientation angle (JLOA), that is, the angle between the
joint line and the line parallel to the floor [16], as a par-
ameter for kinematic alignment. It is still controversial
as to what constitutes the best radiographic parameter
for kinematic alignment, but in the present study, we set
the AJLMA as a parameter for this. AJLMA could be a
useful parameter to evaluate kinematic alignment since
it is not affected by the foot position of subjects. In this
study, patients were categorized into two groups on the
basis of an AJLMA ≥ 2° or an AJLMA < 2°, and we set
the AJLMA cutoff value of 2° for the kinematic align-
ment. This is because the proportion of patients between
groups could be optimized (n = 74, AJLMA ≥ 2° versus
n = 75, AJLMA < 2°). Patients with an AJLMA ≥ 2°
showed significantly higher scores for J-KOOS-A relative
to those with an AJLMA of < 2°, indicating the import-
ance of a medial inclination of the joint line which can
lead to better improvements in the ADL of patients.
The Knee Society Function Score (KS-FS), also com-

monly used, has been validated in numerous studies as a
reliable way to evaluate postoperative TKA outcomes
[17, 18]; however, PROs obtained via the KS-FS may not

reflect changes in outcomes over time as responsively as
other instruments such as WOMAC or SF-36 [18–21].
While the KOOS is rarely employed for the evaluation
of TKA, it has been shown that the KOOS has a higher
responsiveness and a lower ceiling effect, making it a su-
perior outcome tool relative to the KS-FS when evaluat-
ing the outcomes of TKA patients [22]. Relative to the
WOMAC or OKS, the KOOS has more items for ADL
that are related to knee function and is considered to be
most important to patients receiving TKAs. In this
study, we showed significant differences in J-KOOS-A
between KA and non-KA TKAs. Recent reports regard-
ing the relationship between coronal alignment and clin-
ical results have shown no significant effects of
postoperative coronal alignment on the KSS [23, 24].
Howell et al. showed that there were no significant dif-
ferences in the OKS and WOMAC in any alignment cat-
egories for KA TKAs during a follow-up period of 31–
34months [11]. Because the OKS has only 12 items that
are not specific to ADL, and the WOMAC is not a
knee-specific outcome score, they might have failed to
detect significant differences between the KA and
non-KA TKAs.
In this study, using an implant that reproduces ana-

tomical geometry, we performed TKAs via a method
that sets the implants in neutral alignment, which we ex-
pected would automatically produce kinematic align-
ment. However, approximately half of the implants were

A B C
Fig. 3 a When patients were assessed by FTA postoperatively, 74.5% were in-range (173–177°). Both valgus (168–172°) and varus (178–181°)
outliers were 12.8%. b When patients were assessed by HKAA, 64.4% were in-range (− 3 to 3°), and 1.3% were valgus (≤ 4°) outliers and 34.2%
were varus (≥ 4°) outliers. c For the AJLMA assessment, group A included 75 knees with an AJLMA of < 2° and group B included 74 knees with
an AJLMA of ≥ 2°
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not KA. This is partial because the osteotomy was not
performed correctly as planned, but suggests that appro-
priate soft tissue balancing could also be required to
achieve the kinematic alignment.
This study has some limitations. First, a follow-up

period is short, and mid to long-term follow-up will be
required to evaluate if the kinematic alignment can give
better patient-reported outcomes. Second, 23% of the
patients received a PS implant, which may reproduce a
different type of motion from a CR implant and eventu-
ally affect PROs. Third, we defined AJLMA to evaluate
the kinematic alignment and assigned patients into two
groups as a cutoff value of 2°. Since AJLMA is not a vali-
dated angle, other measurement methods such as JLOA
might be better to evaluate the kinematic alignment.
Despite limitations such as these, surgeons can expect

better reports of ADL from patients whose implants
were set in kinematic alignment. Although a half of the
knees were not able to achieve the kinematic alignment
in this study, an implant that reproduces anatomical
geometry could be useful on the basis of its potential to
achieve kinematic alignment by allowing a conventional
osteotomy to be performed. This in turn may also be
beneficial in terms of reducing contact stress of the poly-
ethylene insert which can contribute to the longevity of
the implants.

Conclusions
The present study showed that patients with an AJLMA
of ≥ 2° had significantly higher patient’s satisfaction in
ADL than those with an AJLMA of < 2°. This suggests
the importance of restoration of the physiological joint
line which can be achieved via KA TKAs. To evaluate
the superiority of the kinematic alignment, mid to
long-term clinical results regarding PROs will be
required.
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