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Abstract

Background: One of the causes of dissatisfaction following total knee arthroplasty (TKA) is abnormal knee
kinematics. A newly designed bi-cruciate stabilized (BCS) TKA system has been developed to produce close-to-
normal kinematics because of its anatomic tibiofemoral articular geometry and cam-post mechanism. Although BCS
TKA is expected to improve patient satisfaction, no reports have described the appropriate technique or soft tissue
handling required to achieve excellent satisfaction with BCS TKA. This study is to identify intraoperative surgical
predictors of patient satisfaction after BCS TKA.

Methods: We studied 104 knees with primary varus knee osteoarthritis that underwent BCS TKA with a navigation
system retrospectively. Surgical parameters including coronal, sagittal and axial alignment and joint laxity in each
compartment that affected patient satisfaction was evaluated. Satisfaction score was evaluated with use of the 2011
Knee Society Scoring system. The multivariate regression analysis included age, gender, body mass index and
intraoperative parameters that correlated with satisfaction scores in the univariate analysis (P < 0.05). The current
study focused on the patient satisfaction score at 1 year postoperatively and didn’t evaluate the long term clinical
results nor survivorship.

Results: The postoperative satisfaction score was 28.6 ± 8.1. Multivariate analysis showed that medial joint laxity at
30° flexion (P = 0.003), tibial excessive external rotation alignment (P = 0,009) and tibial varus alignment (P = 0.029)
were predictors of poor satisfaction score.

Conclusions: When performing BCS TKA, surgeons should pay attention to maintaining proper stability of the
medial compartment at mid flexion range and should avoid tibial varus and excessive external rotational alignment.
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Background
Total knee arthroplasty (TKA) is the definitive and best
technique for addressing late-stage osteoarthritis (OA)
in the knee. Prosthetic survival has been extended grad-
ually, with fewer postoperative complications, with ad-
vances in prosthesis technology. Nevertheless, about
20 % of TKA patients are reportedly dissatisfied with
their surgically restored knees [1, 2].
One of the causes for dissatisfaction with TKA is re-

ported to be abnormal knee kinematics, such as a lack of
tibial rotation during flexion and paradoxical motion, in-
dicating that there is anterior sliding of the femoral
component on the tibia as the knee goes into flexion,
largely due to the posterior position of the femur relative
to the tibia during full extension [3].
Recently, a newly designed bi-cruciate stabilized (BCS)

total knee system (Journey I BCS; Smith & Nephew,
Memphis, TN, USA) has been developed to create close-
to-normal kinematics. This prosthesis substitutes for the
lack of cruciate ligaments and menisci by restoring ana-
tomic tibiofemoral articular geometry and placing a
cam-post mechanism [4, 5]. Modifying Journey I BCS
into the Journey II BCS system to avoid complications
(e.g., iliotibial band [ITB] friction syndrome, dislocation)
has resulted in close-to-normal kinematics and has led
to good clinical and functional short-term results [6–8].
To our knowledge, there has been no previous report

which describes the appropriate surgical technique re-
quired to achieve excellent patient satisfaction after BCS
TKA. Surgeons should be aware of BCS TKA techniques
to increase patient satisfaction.
Therefore, this study aimed to identify intraoperative

predictors of patient satisfaction following BCS TKA.

Methods
The institutional review board approved this study. All
patients provided written informed consent.
From October 2016 to December 2018, a total of 128

primary knee arthroplasties were performed using the
Journey II BCS system. Patients with primary varus OA
who underwent knee replacement using the image-free
navigation system (Precision N; Stryker Orthopedics,
Mahwah, NJ, USA) were included. The exclusion criteria
were as follows: presence of a valgus deformity (3 knees);
patients in whom a navigation system was not used due
to malfunction (4 knees); a diagnosis of osteonecrosis (4
knees); postoperative complications (1 knee: patella
clunk syndrome treated with arthroscopic debridement);
and complete data not recorded (12 knees).
A total of 104 knees were evaluated retrospectively.

Our institution is a highly specialized unit with pro-
spective data collection for all arthroplasty patients. We
collected perioperative data of the study population from
the hospital’s database retrospectively and performed

clinical and radiological evaluation at follow-up. The pa-
tient population was composed of 88 women and 16
men (mean age, 73.3 ± 8.3 years; mean body mass index,
27.4 ± 4.2 kg/m2; mean preoperative hip–knee–ankle
[HKA] angle, 169.1° ± 6.1° [10.9° in varus]).
All procedures were performed by five knee surgeons

who used the same surgical technique. A senior surgeon
(H.I.) participated in all procedures either as the chief
surgeon or first assistant.

Surgical procedure
A paramedian approach was applied for all patients, and
the patella was not everted. The distal femur and prox-
imal tibia were cut guided by the navigation system.
Femoral alignment was aimed for placement of 90° to
the mechanical axis in the frontal plane and 4° of flexion
in the sagittal plane. For the tibia, the alignment was
aimed at 90° to the mechanical axis in the frontal plane
and 3° of the posterior slope in the sagittal plane.
Soft tissue balancing was achieved, and the extension

and flexion gaps were measured using a balancer device.
To maintain medial stability, amount of posterior femur
resection was adjusted to equalize the extension and
flexion gaps in the medial compartment.
Femoral rotation was determined to be parallel to

the surgical epicondylar axis, allowing residual lateral
ligamentous laxity [9–11]. Tibial rotational alignment
was determined using the range of motion (ROM)
technique, wherein the knee was put through a full
range of flexion and extension, allowing the tibial trial
to orientate itself in the best position relative to the
femoral component, thereby reducing rotational mis-
match of the components [12].

Intraoperative component gap measurement
After these procedures, the extension and flexion gaps
between the osteotomized surfaces were measured twice
by the chief surgeon using the same ligament tensioner
with a distraction force of 80 N for each compartment
and the averages were used. The mean joint gaps at ex-
tension and flexion were 22.2 ± 1.8 mm and 22.5 ± 2.0
mm, respectively, in the medial compartment and 24.3 ±
2.3 mm and 24.0 ± 2.4 mm, respectively, in the lateral
compartment.
After evaluating soft tissue balance between the osteo-

tomized surfaces, the femoral trial component was
placed with the following tensor device on the surface of
the tibial bone cut and the patellofemoral joint was re-
duced. The tensor device consisted of three parts: the
upper compartment-specific plates, lower platform plate,
and an extra-articular main body. The upper plates had
identical shapes of medial and lateral compartments of
the polyethylene trial surface of the Journey II BCS sys-
tem. This device was designed to allow surgeons to
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measure the joint component gap of the medial and lat-
eral compartments, respectively. Using this tensor de-
vice, the component gap of each compartment was
assessed at flexion angles of 0°, 30°, 60°, 90°, and 120°,
with a joint distraction force of 80 N for each compart-
ment. In our study, the medial and lateral component
“laxity” was defined as values of “component gap minus
selected thickness of the tibial component” [13].

Postoperative rehabilitation
The same rehabilitation protocols were applied in all pa-
tients. ROM exercise and walking exercise with a crutch
and then a walker were started on the first postoperative
day. At 2–3 weeks postoperatively, the patient was dis-
charged from our hospital and completed their rehabili-
tation protocol with physiotherapists.

Postoperative evaluation
Radiographic evaluation
The HKA angle was measured using full-length, stand-
ing radiography. Full-length radiography was utilized to
measure the frontal alignment of the femoral and tibial
components (frontal femoral component [FFC] angle
and frontal tibial component [FTC] angle). Lateral radi-
ography was used to measure the femoral component
sagittal alignment and tibial slope (lateral femoral com-
ponent [LFC] angle and lateral tibial component [LTC]
angle). Computed tomography images were used to
evaluate the rotational alignment of the femoral and tib-
ial components. The rotational femoral component angle
was defined as the angle between the line of the anterior
cutting surface and the surgical epicondylar axis. The
rotational tibial component angle was defined as the
angle between the line connecting the medial border
of the tibial tuberosity with the center of the poster-
ior concavity of the tibial component and the line
passing through the anteroposterior center of the tib-
ial component [14, 15].
To evaluate intraobserver and interobserver reproduci-

bility, the measurements were performed twice by one
surgeon (H.I.) at 3-month intervals and once by another
examiner (K.K.) who was a knee surgeon with no know-
ledge of the patients on 50 knees selected randomly
from the study group. Intraclass correlation coefficients
to measure inter- and intraobserver reliability were high
enough for 0.8.

Clinical evaluation
Satisfaction score was evaluated using the 2011 Knee So-
ciety Scoring (KSS) system [16] at 1 year postopera-
tively. The ROM and validated version of the Knee
Injury and Osteoarthritis Outcome Score (KOOS) were
used to evaluate postoperative clinical scores. The
KOOS is a self-reporting questionnaire with 42 items in

5 separately analyzed subscales of pain: symptoms; activ-
ities of daily living (ADL); physical, sports, and recre-
ational function; and knee-related quality of life. Each of
the five scores was calculated as the sum of the items in-
cluded, and the scores were then transformed into a 0-
to 100-point scale, with 0 points indicating extreme knee
problems and 100 points indicating no knee problems
[17, 18]. The current study focused on the patient satis-
faction score at 1 year postoperatively and did not
assessed the long-term clinical results or survivorship.

Statistical analyses
Data were analyzed using the Bell Curve 2016 (SSRI Co.,
Ltd., Tokyo, Japan) software package for Microsoft Win-
dows, and tests for normality and distribution were per-
formed using the Kolmogorov–Smirnov test. We
compared preoperative and postoperative parameters
(ROM, KOOS) using a paired t test. We conducted Pear-
son’s correlation analysis to assess the correlation be-
tween surgical parameters and patient satisfaction and
the unpaired t test to compare the patient satisfaction
scores between the two groups for qualitative data (fe-
male or male, mechanically aligned or not). The rela-
tions between the satisfaction score and surgical
parameters were calculated using a forced entry multi-
variate regression analysis. We confirmed the indepen-
dency of independent variables before including them in
the multivariable logistic regression analysis. A power
analysis demonstrated that the minimum required num-
ber of knee was 83 with estimated R2 of 0.15 in order to
obtain a power of 0.8 and an alpha of 0.05 for a multi-
variate regression analysis with 6 explanatory variables.
All significance tests were two-tailed, and a significance
level of P < 0.05 was used for all tests.

Results
Preoperative and postoperative ROM and KOOS results
are presented in Table 1. All parameters improved

Table 1 Comparisons of preoperative and postoperative ROM
and KOOS scores

Pre-operation Post-operation P-value

Maximum flexion (°) 118.4 ± 14.0 123.6 ± 15.6 0.002

Maximum extension (°) 9.1 ± 6.5 0.9 ± 2.3 < 0.001

KOOS

Pain 47.1 ± 18.3 86.5 ± 13.4 < 0.001

Symptom 54.3 ± 19.1 85.7 ± 11.6 < 0.001

ADL 54.9 ± 15.9 83.9 ± 12.4 < 0.001

Sports 19.6 ± 16.8 52.2 ± 25.9 < 0.001

QOL 25.7 ± 16.2 67.2 ± 22.4 < 0.001

The data are expressed as mean ± standard deviation
ROM range of motion; KOOS Knee injury and Osteoarthritis Outcome Score;
ADL activities of daily living; QOL quality of life
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significantly after the operation. The postoperative satis-
faction score according to the 2011 KSS was 28.6 ± 8.1.
Figure 1 presents the joint laxity in each compartment.

Lateral joint laxity was significantly larger than medial
joint laxity at each flexion angle (P < 0.05).
The postoperative HKA angle was 179.2° (0.8° in

varus) ± 1.9°. The components of 93 patients (89.4 %)
were mechanically aligned (within 0° ± 3° of the mechan-
ical axis), whereas those of 11 patients (10.6 %) were out-
side that range. The mean component alignments were
FFC, 89.4° (0.6° in varus) ± 1.8°; FTC, 89.8° (0.2° in
varus) ± 1.5°; LFC, 86.4° (3.6° in flexion) ± 2.1°; and LTC,
86.5° (3.5° in posterior slope) ± 1.6°. The rotational fem-
oral component angle was 0.1° ± 1.6° internal rotation,
and the rotational tibial component angle was 3.8° ± 4.0°
external rotation.

Univariate analysis for intraoperative factors
The tibial external rotational angle was negatively corre-
lated with satisfaction (P = 0.021; Fig. 2). The tibial varus
angle in the coronal plane was negatively correlated with
satisfaction (P = 0.049; Fig. 3). Medial joint laxity at 30°
flexion negatively correlated with satisfaction score (P =
0.038; Fig. 4). Figures present the histograms of tibial ex-
ternal rotation angle (Fig. 5), tibial varus angle (Fig. 6)
and medial joint laxity at 30° flexion (Fig. 7).
Postoperative HKA, FFC, LFC, LTC, femoral rotational

angle, medial joint laxity at 0°, 60°, 90°, 120°, and lateral
joint laxity at 0°, 30°, 60°, 90°, and 120° exhibited no sig-
nificant correlation with satisfaction.
The satisfaction score for men was 31.4 ± 8.7, whereas

that for women was 28.1 ± 8.2. There was no significant
difference between the two groups (P = 0.112). The mean
satisfaction score for the mechanically aligned group was
29.0 ± 8.6, whereas that of the outlier group was 25.3 ±
7.7. There was no significant difference between the two
groups (P = 0.154).

Multivariate regression analyses
We conducted multivariate regression analyses to evalu-
ate the parameters that affected the satisfaction scores
retrospectively. We used age, gender, body mass index,
and intraoperative parameters that had correlation with
the satisfaction score (P < 0.05). Multivariate analysis re-
vealed that medial joint laxity at 30° flexion (P = 0.003),
tibial excessive external rotational (P = 0.009), and tibial
varus alignment (P = 0.029) were predictors of poor sat-
isfaction score (Table 2, R2 = 0.19, P = 0 0.0019).

Discussion
The most important finding of this study was that the
intraoperative predictors of patient dissatisfaction fol-
lowing BCS TKA were medial joint laxity at 30° flexion,
excessive external rotational alignment, and varus align-
ment of the tibia.
Soft tissue balancing is one of the most important fac-

tors for successful TKA [19–21], although studies have
reported a poor relationship between the intraoperative
soft-tissue balance and clinical outcomes using
physician-derived clinical scores [22]. Recently, several
articles have reported a relationship between intraopera-
tive soft tissue balance and patient-reported scores. Azu-
kizawa et al. [23] reported that intraoperative medial
joint laxity during flexion decreases patient satisfaction
following cruciate-sacrificed TKA. The current study
also revealed that medial joint laxity in mid-flexion
range decreased satisfaction following BCS TKA. Al-
though BCS TKA is reported to alleviate mediolateral in-
stability in flexion range owing to its prosthesis design,
excessive laxity in mid-flexion is not appropriate for
BCS TKA similar to other prostheses designed for TKA.
Regarding the relationship between the rotational

alignment of the tibial component and clinical outcomes,
several papers have revealed that internal rotation of the
tibial component caused pain and limited motion after

Fig. 1 Joint laxity of the medial and lateral compartments at 0°, 30°, 60°, 90° and 120° flexion. Lateral joint laxity is significantly larger than medial
joint laxity at each flexion angle (P < 0.05)
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TKA [24, 25]. Panni et al. [26] reported that excessive
tibial internal rotation, in particular, more than 10° of in-
ternal rotation, indicates a significant risk factor for pain
and inferior functional outcomes following TKA. How-
ever, the current study revealed that internal rotational
alignment did not have a risk of poor outcome. This

difference might be caused by the fact that there was no
case of excessive internal rotation (more than 10°) in the
current study.
Contrarily, tibial external rotation has often been re-

ported to have no influence on the outcomes of TKA
[26]. However, in the current study excessive external

Fig. 2 Correlations between satisfaction score of the 2011 Knee Society Scoring System and tibial rotational alignment. Satisfaction score was
negatively correlated with tibial external rotation (R = 0.22; P = 0.021)

Fig. 3 Correlations between satisfaction score of the 2011 Knee Society Scoring System and tibial coronal alignment. Satisfaction score was
negatively correlated with tibial varus angle (R = 0.20; P = 0.049)
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rotation turned out to be a risk factor for poor satis-
faction following Journey II BCS TKA. Journey I TKA
has been reported to strictly induce internal rotational
movement of the tibia relative to femur with flexion
by its mechanically constraint-guided motion system
[27]. Therefore, when the tibial component is im-
planted in an excessively externally rotated manner,
excessive internal rotational movement of the tibia
relative to femur will be induced with flexion and
lead to severe loading to the ITB [28]. The modifica-
tion of the Journey I BCS to Journey II BCS system
has reduced the complications including ITB syn-
drome and dislocations by making the amount of
femorotibial rotational angle and anterior-posterior
translation smaller than normal knees during flexion,

while maintaining the normal-like movements such as
medial pivot motion and bicondylar roll back move-
ment [29]. However, even when using modified Jour-
ney II BCS prosthesis, excessive external rotation
(more than 10°) of the tibia component might induce
the excessive traction force to the ITB during flexion
and reduce the satisfaction score.
Accurate limb alignment is also essential for a suc-

cessful TKA. It is one of the most commonly ac-
cepted principles of TKA that one should aim for
mechanical alignment [30, 31]. Recently, the import-
ance of mechanical alignment has been questioned
[32–34], and several studies have shown that some
mild varus alignment after TKA leads to better results
for patients with varus OA [35, 36]. In the current

Fig. 4 Correlations between satisfaction score of the 2011 Knee Society Scoring System and medial joint laxity at 30° flexion. Satisfaction score
was negatively correlated with medial joint laxity at 30° flexion (R = 0.21; P = 0.038)

Fig. 5 Distribution of tibial rotational angle
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study, we included 11 patients with varus alignment
(more than 3°), whose average satisfaction score was
25.3 ± 7.7, whereas the satisfaction score of the mech-
anically aligned group was 29.0 ± 8.6. Furthermore,
tibial varus alignment leads to significantly inferior
satisfaction scores. The BCS prosthesis replicates 3° of
the tibial varus angle with an asymmetrical tibial plat-
eau and a medially concave and laterally convex
shape relative to the tibial baseplate using 2.5-mm
differences in the medial and lateral compartment
thickness. Therefore, when the distal femur and prox-
imal tibia are cut perpendicular to the mechanical
axis in the frontal plane, the component alignment
will be “anatomical alignment” [37]. Anatomical align-
ment techniques produced good clinical results [38,
39]. Regarding BCS TKA, additional alignment adjust-
ment is not necessary, or rather, it reduces clinical
outcomes.

The mean 2011 KSS score indicating satisfaction
following BCS TKA was 28.6 ± 8.1. Patient satisfac-
tion following TKA is reported to differ by race [40].
Several reports from Asia assessed patient satisfac-
tion using the 2011 KSS. The reported satisfaction
scores of other TKA designs (posterior stabilized,
cruciate retaining, and cruciate sacrificing) ranged
from 21 to 26 [35, 41–45]. To know whether BCS
TKA is truly superior to other TKA designs, we
must compare the satisfaction scores between BCS
and other designs of TKAs in patients with similar
demographics.
There are several limitations. First, this study was

retrospective. Second, the follow-up period was rela-
tively short. We have never experienced a problem
with loosening, polyethylene wear or breakage of ei-
ther TKA designs. However, BCS TKA behaves
strictly as a mechanically constraint-guided motion
system. A lot of stress on the polyethylene insert
might cause the future problems. Third, we investi-
gated only varus OA knees in the current study.
Therefore, our results cannot be applied to valgus
knees. Further research using valgus knees should be
done, with the additional factor of whether or not the
valgus knee is included in the surgical indication of
BCS TKA. Fourth, we did not assess preoperative
KOOS scores. Preoperative KOOS scores might be
important and necessary. However preoperative
KOOS questionary was not carried out for all the pa-
tients. Therefore, we couldn’t use preoperative KOOS
as a parameter in this multivariate regression analysis.
Fifth we did not evaluate mental health which has
been reported to affect the patient satisfaction after
TKA. Patient satisfaction is multifactorial with some
factors beyond the scope of a surgeon’s control

Fig. 7 Distribution of the medial joint laxity at 30° flexion

Fig. 6 Distribution of tibial varus angle
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including preoperative patient reported function, nar-
cotic use, mental health, expectation and lumber
spine pain [46–48]. Further studies are needed to
identify the preoperative and postoperative predictors
of patient satisfaction following BCS TKA.

Conclusions
In conclusion, the current retrospective multiple regres-
sion analysis revealed that medial joint laxity at 30°
flexion, tibial excessive external rotational, and tibial
varus alignment were predictors of poor satisfaction
score after BCS TKA.

Abbreviations
TKA: Total knee arthroplasty; BCS: Bi-cruciate stabilized; OA: Osteoarthritis;
ITB: Iliotibial band; HKA: Hip knee ankle; ROM: Range of motion; FFC: Frontal
femoral component; FTC: Frontal tibial component; LFC: Lateral femoral
component; LTC: Lateral tibial component; KSS: Knee society scoring;
KOOS: Knee injury and osteoarthritis outcome score; ADL: Activities of daily
living

Acknowledgements
We thank Nancy Schatken, BS, MT(ASCP), from Edanz Group, for editing a
draft of this manuscript (http://www.edanzediting.com/ac).

Authors' contributions
All authors have read and approved the manuscript. The first and
corresponding author HI was responsible for the surgical procedure and
article writing. The second author ST and KK were responsible for data
collection. The third author RY and KK were responsible for the experimental
design and The final author ST and KU was responsible for statistical analysis.

Funding
This study did not receive any specific any grant from funding agencies in
the public, commercial, or not-for-profit sectors.

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

Ethics approval and consent to participate
The present study was approved by the institutional review board of Tokyo
University Hospital and signed informed consent for participation was
obtained from all study patients.

Consent for publication
Not applicable.

Competing interests
No potential competing interest relevant to this article was reported.

Received: 26 August 2020 Accepted: 17 February 2021

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: 57–63. https://doi.org/10.1007/s11999-
009-1119-9.

2. Becher R, Doring C, Denecke A, Brosz M. Expectation, satisfaction and
clinical outcome of patients after total knee arthroplasty. Knee Surg Sports
Traumatol Arthrosc. 2011;19:1433–41. doi. 10.1007/s00167-011-1621-y.

3. Dennis DA, Komistek RD, Mahfouz MR. In vivo fluoroscopic analysis of fixed-
bearing total knee replacements. Clin Orthop Relat Res. 2003;410:114–30.

4. Victor J, Mueller JK, Komistek RD, Sharma A, Nadaud MC, Bellemans J. In
vivo kinematics after cruciate-substituting TKA. Clin Orthop Relat Res. 2010;
468:807–14. doi. 10.1007/s11999-009-1072-7.

5. Halewood C, Risebury M, Thomas NP, Amis AA. Kinematic behavior and soft
tissue management in guided motion total knee arthroplasty. Knee Surg
Sports Traumatol Arthrosc. 2014;22:3074–82. doi. 10.1007/s00167-014-2933-
5.

6. Grieco TF, Sharma A, Dessinger GM, Cates HE, Komistek RD. In vivo
kinematic comparison of a bicruciate stabilized total knee arthroplasty and
the normal knee using fluoroscopy. J Arthroplasty. 2018;33:565–57. doi. 10.
1016/j.arth.2017.09.035.

7. Christen B, Kopjar B. Second-generation bi-cruciate stabilized total knee
system has a lower reoperation and revision rate than its predecessor. Arch
Orthop Trauma Surg. 2018;138:1591–99. doi. 10.1007/s00402-018-3019-5.

8. Kaneko T, Kono N, Mochizuki Y, Hada M, Toyoda S, Musha Y. Bi-cruciate
substituting total knee arthroplasty improved medio-lateral instability in
mid-flexion range. J Orthopaedics. 2017;14:201–6. doi. 10.1016/j.jor.2016.12.
005.

9. Tokuhara Y, Kadoya Y, Nakagawa S, Kobayashi A, Takaoka K. The flexion gap
in normal knees. A MRI study. J Bone Joint Surg Br. 2004;86:1133–6.

10. Okazaki K, Miura H, Matsuda S, Takeuchi N, Mawatari T, Hashizume M, et al.
Asymmetry of mediolateral laxity of the normal knee. J Orthop Sci. 2006;11:
264–6.

11. Tsubosaka M, Muratsu H, Tkayama K, Miya H, Kuroda R, Matsumoto T.
Comparison of intraoperative soft tissue balance between cruciate-retaining
and posterior-stabilized total knee arthroplasty performed by a newly
developed medial preserving gap technique. J Arthropalsty. 2018;33:729–34.
doi. 10.1016/j.arth.2017.09.070.

12. Eckhpff DG, Metzger RC, Vandewalle MF. Malrotation associated with
implant alignment technique in total knee arthroplasty. Clin Orthop Relat
Res. 1995;321:28–31.

13. Inui H, Taketomi S, Yamagami R, Kawaguchi K, Nakazato K, Tanaka S. The
relationship between anteroposterior stability and medial-lateral stability of
the bi-cruciate stabilized total knee arthroplasty. Knee. 2018;25:1247–53. doi.
10.1016/j.knee.2018.08.002.

14. Inui H, Taketomi S, Nakamura K, Sanada T, Tanaka S, Nakagawa T. An
additional reference axis improves femoral rotation alignment in image-free
computer navigation assisted total knee arthroplasty. J arthroplasty. 2013;28:
766–71.

15. Inui H, Taketomi S, Nakamura K, Takei S, Takeda H, Tanaka S, et al. Influence
of navigation system updates on total knee arthroplasty. BMC Sports Sci
Med Rehabil. doi: 10.1186/2052-1847-5-10.

16. Scuderi GR, Bourne RB, Noble PC, Benjamin JB, Lonner JH, Scott WN. The
new Knee Society Knee Scoring System.Clin Orthop Relat Res 2012;470:3–19.
https://doi.org/10.1007/s11999-011-2135-0.

17. Roos EM, Lohmander LS. The Knee injury and Osteoarthritis Outcome Score
(KOOS): from joint injury to osteoarthritis. Health Qual Life Outcomes. 2003;
1:64.

18. Nakamura N, Takeuchi R, Sawaguchi T, et al. Cross-cultural adaptation and
validation of the Japanese Knee Injury and Osteoarthritis Outcome Score
(KOOS). J Orthop Sci 2011: 16; 516 – 23. doi: 10.1007/s00776-011-0112-9.

Table 2 Results of multivariable regression analysis

Standardized
partial
regression
coefficient

standard
error

95%conficence
interval

P-value

Age -0.123 0.095 -0.309–0.688 0.209

Gender (male) 0.127 2.279 -1.673–7.373 0.214

BMI 0.008 0.186 -0.354–0.384 0.936

Medial joint
laxity at 30°

-0.209 0.518 -2.631 – -0.572 0.003

Tibial external
rotational angle

-0.267 0.198 -0.923 – -0.138 0.009

Tibial varus
angle

-0.295 0.498 -2.091 – -0.113 0.029

BMI body mass index

Inui et al. BMC Musculoskeletal Disorders          (2021) 22:215 Page 8 of 9

http://www.edanzediting.com/ac
https://doi.org/10.1007/s11999-009-1119-9
https://doi.org/10.1007/s11999-009-1119-9
https://doi.org/10.1007/s11999-011-2135-0


19. Insall JN, Binazzi R, Soundry M, Mestriner LA. Total knee arthroplasty. Clin
Orthop Relat Res. 1985;192:13–22.

20. Whiteside LA. Soft tissue balancing: the knee. J Arthroplasty. 2002;17:23–7.
21. Schroer WC, Berend KR, Lombardi AV, Barnes CL, Bolognesi MP, Berend ME,

et al. Why are total knees failing today? Etiology of total knee revision in
2010 and 2011. J Arthroplasty 2013: 28: 116–9. https://doi.org/10.1016/j.a
rth.2013.04.056.

22. Matsumoto T, Muratsu H, Kawakami Y, Takayama K, Ishida K, et al. Soft-tissue
balancing in total knee arthroplasty: cruciate-retaining versus posterior-
stabilised, and measured-resection versus gap technique. Int Orthop 2014;
38:531–7. https://doi.org/10.1007/s00264-013-2133-9.

23. Azukizawa M, Kuriyama S, Nakamura S, Nishitani K, Lyman S, Morita Y, et al.
Intraoperative medial joint laxity in flexion decreases patient satisfaction
after total knee arthroplasty. Arch Orthop Trauma Surg 2018; 138: 1143–50.
https://doi.org/10.1007/s00402-018-2965-2.

24. Nicoll D, Rowley DI. Internal rotational error of the tibial component is a
major cause of pain after total knee replacement. J Bone Joint Surg Br.
2010;92:1238–44. doi:https://doi.org/10.1302/0301-620X.92B9.23516.

25. Abdelnasser MK, Adi MM, Elnaggar AA, Tarabichi S. Internal rotation of the
tibial component in total knee arthroplasty can lead to extension deficit.
Knee Surg Sports Traumatol Arthrosc. [Epub ahead of print]. doi: https://doi.
org/10.1007/s00167-019-05695-w.

26. Panni AS, Ascione F, Rossini M, Braile A, Corona K, Vasso M, Hirschmann MT.
Tibial internal rotation negatively affects clinical outcomes in total knee
arthroplasty: a systematic review. Knee Surg Sports Traumatol Arthrosc.
2018;26:1636–44. doi:https://doi.org/10.1007/s00167-017-4823-0.

27. Victor J, Bellemans J. Physiologic kinematics as a concept for better flexion
in TKA. Clin Orthop Relat Res. 2006;452:53–8.

28. Luyckx L, Luyckx T, Bellemans J, Victor J. Iliotibial band traction syndrome in
guided motion TKA. A new clinical entity after TKA. Acta Orthop Belg 2010;
76: 507 – 12. Manning 2017.

29. Kono K, Inui H, Tomita T, Yamazaki T, Taketomi S, Sugamoto K, Tanaka S.
Bicruciate-stabilised total knee arthroplasty provides good functional
stability during high-flexion weight-bearing activities. Knee Surg Sports
Traumatol Arthrosc. 2019;27:2096–103. doi:https://doi.org/10.1007/s00167-01
9-05375-9.

30. Jeffery RS, Morris RW, Denham RA. Coronal alignment after total knee
replacement. J Bone Joint Surg Br. 1991;73:709.

31. 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: 400–7. https://doi.org/10.1007/s11999.0000000000000012.

32. Bellemans J, Colyn W, Vandenneucker H, Victor J. Is neutral mechanical
alignment normal for all patients? The concept of constitutional varus. Clin
Orthop Relat Res 2012; 470: 45–53. https://doi.org/10.1007/s11999-011-1936-
5.

33. 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: 1000–7. https://doi.
org/10.1007/s11999-012-2613-z.

34. Abdel MP, Ollivier M, Parratte S, Trousdale RT, Berry DJ, Pagnano MW. Effect
of postoperative mechanical axis alignment on survival and functional
outcomes of modern total knee arthroplasties with cement: A Concise
Follow-up at 20 Years. J Bone Joint Surg Am. 2018;21:100:472–8. doi. 10.
2106/JBJS.16.01587.

35. Nishida K, Matsumoto T, Takayama K, Ishida K, Nakano N, Matsushita T, et al.
Remaining mild varus limb alignment leads to better clinical outcome in
total knee arthroplasty for varus osteoarthritis. Knee Surg Sports Traumatol
Arthrosc 2017; 25: 3488–94. https://doi.org/10.1007/s00167-016-4260-5.

36. Vanlommel L, Vanlommel J, Claes S, Bellemans J. Slight undercorrection
following total knee arthroplasty results in superior clinical outcomes in
varus knees. Knee Surg Sports Traumatol Arthrosc 2013; 21: 2325–30.
https://doi.org/10.1007/s00167-013-2481-4.

37. Hungerford DS, Kenna RV, Krackow KA. The porous-coated anatomic total
knee. Orthop Clin North Am. 1982;13:103–22.

38. Yim JH, Song EK, Khan MS, Sun ZH, Seon JK. A comparison of classical and
anatomicaltotal knee alignment methods in robotic total knee arthroplasty:
classical and anatomical knee alignment methods in TKA. J Arthroplasty.
2013;28:932–7. doi:https://doi.org/10.1016/j.arth.2013.01.013.

39. Ahmed I, Salmon LJ, Waller A, Watanabe H, Roe JP, Pinczewski LA. Total
knee arthroplasty with an oxidisedzirconium femoral component: ten-year

survivorship analysis. Bone Joint J. 2016;98:58–64. doi:https://doi.org/10.13
02/0301-620X.98B1.36314.

40. Jacobs CA, Christensen CP, Karthikeyan T. Patient and intraoperative factors
influencing satisfaction two to five years after primary total knee
arthroplasty. J Arthroplasty 2014; 29: 1576–9. https://doi.org/10.1016/j.arth.2
014.03.022.

41. Kamenaga T, Muratsu H, Kanda Y, Miya H, Kuroda R, Matsumoto T. The
Influence of postoperative knee stability on patient satisfaction in cruciate-
retaining total knee arthroplasty. J Arthroplasty. 2018; 33: 2475–9. https://
doi.org/10.1016/j.arth.2018.03.017.

42. Hasegawa M, Naito Y, Yamaguchi T, Wakabayashi H, Sudo A. Factors
contributing to patient satisfaction and expectations following computer-
assisted total knee arthroplasty. J Knee Surg 2018; 31:448–52. doi:https://doi.
org/10.1055/s-0037-1604144.

43. 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: 127–33. https://doi.org/10.1007/s11999-012-2533-y.

44. Nishio Y, Onodera T, Kasahara Y, Takahashi D, Iwasaki N, Majima T.
Intraoperative medial pivot affects deep knee flexion angle and patient-
reported outcomes after total knee arthroplasty. J Arthroplasty 2014; 29:
702–6. https://doi.org/10.1016/j.arth.2013.06.035.

45. Murakami K, Hamai S, Okazaki K, Wang Y, Ikebe S, Higaki H,et al. In vivo
kinematics of gait in posterior-stabilized and bicruciate-stabilized total knee
arthroplasties using image-matching techniques. Int Orthop 2018; 42: 2573–
81. https://doi.org/10.1007/s00264-018-3921-z.

46. Gunaratne R, Pratt DN, Banda J, Fick DP, Khan RJK, Robertson BW. Patient
dissatisfaction following total knee arthroplasty: A Systematic Review of the
Literature. J Arthroplasty. 2017;32:3854–60. doi. 10.1016/j.arth.2017.07.021.

47. Farooq H, Deckard ER, Ziemba-Davis M, Madsen A, Meneghini RM.
Predictors of patient satisfaction following primary total knee arthroplassty:
Results from a traditional statistical model and machine learning algorithm.
J Arthroplasty. 2020;35:3123–30. doi. 10.1016/j.arth.2020.05.077.

48. Lützner C, Postler A, Beyer F, Kirschner S, Lützner J. Fulfillment of
expectations influence patient satisfaction 5 years after total knee
arthroplasty. Knee Surg Sports Traumatol Arthrosc. 2019; 27: 2061–70.
https://doi.org/10.1007/s00167-018-5320-9.

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

Inui et al. BMC Musculoskeletal Disorders          (2021) 22:215 Page 9 of 9

https://doi.org/10.1016/j.arth.2013.04.056
https://doi.org/10.1016/j.arth.2013.04.056
https://doi.org/10.1007/s00264-013-2133-9
https://doi.org/10.1007/s00402-018-2965-2
https://doi.org/10.1302/0301-620X.92B9.23516
https://doi.org/10.1007/s00167-019-05695-w
https://doi.org/10.1007/s00167-019-05695-w
https://doi.org/10.1007/s00167-017-4823-0
https://doi.org/10.1007/s00167-019-05375-9
https://doi.org/10.1007/s00167-019-05375-9
https://doi.org/10.1007/s11999.0000000000000012
https://doi.org/10.1007/s11999-011-1936-5
https://doi.org/10.1007/s11999-011-1936-5
https://doi.org/10.1007/s11999-012-2613-z
https://doi.org/10.1007/s11999-012-2613-z
https://doi.org/10.1007/s00167-016-4260-5
https://doi.org/10.1007/s00167-013-2481-4
https://doi.org/10.1016/j.arth.2013.01.013
https://doi.org/10.1302/0301-620X.98B1.36314
https://doi.org/10.1302/0301-620X.98B1.36314
https://doi.org/10.1016/j.arth.2014.03.022
https://doi.org/10.1016/j.arth.2014.03.022
https://doi.org/10.1016/j.arth.2018.03.017
https://doi.org/10.1016/j.arth.2018.03.017
https://doi.org/10.1055/s-0037-1604144
https://doi.org/10.1055/s-0037-1604144
https://doi.org/10.1007/s11999-012-2533-y
https://doi.org/10.1016/j.arth.2013.06.035
https://doi.org/10.1007/s00264-018-3921-z
https://doi.org/10.1007/s00167-018-5320-9

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Surgical procedure
	Intraoperative component gap measurement
	Postoperative rehabilitation
	Postoperative evaluation
	Radiographic evaluation
	Clinical evaluation

	Statistical analyses

	Results
	Univariate analysis for intraoperative factors
	Multivariate regression analyses

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

