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人工膝関節全置換術における術前と術後の 	
Coronal Plane Alignment of the Knee 分類と，	

その分類が臨床アウトカムに及ぼす影響
Pre- and postoperative Coronal Plane Alignment of the Knee classification 

and its impact on clinical outcomes in total knee arthroplasty
By T. Konishi, MD*, S. Hamai, MD, PhD**, H. Tsushima, MD, PhD, S. Kawahara, MD, PhD, Y. Akasaki, MD, PhD,  

S. Yamate, MD, S. Ayukawa, MD, and Y. Nakashima, MD, PhD

目　的：
Coronal Plane Alignment of the Knee（CPAK）分類は，膝関節
アライメントにおける固有の個人差を予測するために開発され
た．人工膝関節全置換術（TKA）の術前と術後における CPAK 
分類 phenotype が術後の臨床アウトカムに及ぼす影響は依然と
して不明である．本研究の目的は，術後の CPAK 分類 
phenotype（IIX）ならびにその術前から術後の変化が，患者報告
アウトカム尺度（PROM）に及ぼす影響を検討することである．

方　法：
2013 年 9 月～ 2019 年 6 月に変形性関節症（OA）に対して初回 
TKA を施行した 340 例（422 膝）に質問票を送付した．計 231 
例（284 膝）が回答した．臨床アウトカムの評価には，Knee 
So c i e t y S c o r e 2011（KSS 2011），Kne e i n j u r y a n d 
Osteoarthritis Outcome Score-12（KOOS-12），Forgotten Joint 
Score-12（FJS-12）を使用した．術前と術後の全下肢前後 X 線
像を用いて，arithmetic hip-knee-ankle angle（aHKA），joint 
line obliquity（JLO）を算出し，CPAK 分類に基づき分類した．
PROM への影響を検討するために，手術時の年齢，術後の経
過期間，BMI，性別，インプラント使用，術後の aHKA 分類，
JLO 分類，aHKA 分類および JLO 分類の術前後の変化などの
因子を考慮し，ステップワイズ選択法を用いた多変量回帰分析
を実施した．

結　果：
術前は主に CPAK 分類 phenotype I（155 膝，55%），術後は 
CPAK 分類 phenotype V（73 膝，26%）であった．aHKA 分類
が術前と術後で変化していることは，KOOS-12 および FJS-
12 の有意な負の予測因子であり，術後に JLO が apex 
proximal であることは，KSS 2011 および KOOS-12 の有意な
負の予測因子であった ［多変量回帰分析］．［Mann-Whitney U 
検定］

結　論：
OA に対する初回 TKA において，術前と術後の CPAK 分類 
phenotype は PROM と関連した．術前と術後の内反／外反ア
ライメントの変化は，KOOS-12 および FJS-12 両方の負の予
測因子であることが確認された．さらに，術後に JLO が apex 
proximal であることは，KSS 2011 および KOOS-12 の負の因
子であった．術前の各 phenotype に対する目標アライメントを
再現性をもって決定することで，PROM が改善する可能性が
ある．
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Aims:
The Coronal Plane Alignment of the Knee (CPAK) classification 
has been developed to predict individual variations in inherent 
knee alignment. The impact of preoperative and postoperative 
CPAK classification phenotype on the postoperative clinical 
outcomes of total knee arthroplasty (TKA) remains elusive. 
This study aimed to examine the effect of postoperative CPAK 
classification phenotypes (I to IX), and their pre- to postopera-
tive changes on patient-reported outcome measures (PROMs).

Methods:
A questionnaire was administered to 340 patients (422 knees) 
who underwent primary TKA for osteoarthritis (OA) between 
September 2013 and June 2019. A total of 231 patients (284 
knees) responded. The Knee Society Score 2011 (KSS 2011), 
Knee injury and Osteoarthritis Outcome Score-12 (KOOS-12), 
and Forgotten Joint Score-12 (FJS-12) were used to assess 
clinical outcomes. Using preoperative and postoperative antero-
posterior full-leg radiographs, the arithmetic hip-knee-ankle 
angle (aHKA) and joint line obliquity (JLO) were calculated 
and classified based on the CPAK classification. To investigate 
the impact on PROMs, multivariable regression analyses using 
stepwise selection were conducted, considering factors such as 
age at surgery, time since surgery, BMI, sex, implant use, post-
operative aHKA classification, JLO classification, and changes 
in aHKA and JLO classifications from preoperative to postop-
erative.

Results:
The preoperative and postoperative CPAK classifications were 
predominantly phenotype I (155 knees; 55%) and phenotype V 
(73 knees; 26%), respectively. The change in the preoperative 
to postoperative aHKA classification was a significant negative 
predictive factor for KOOS-12 and FJS-12, while postoperative 
apex proximal JLO was a significant negative predictive factor 
for KSS 2011 and KOOS-12.

Conclusion:
In primary TKA for OA, preoperative and postoperative CPAK 
phenotypes were associated with PROMs. Alteration in varus/
valgus alignment from preoperative to postoperative was rec-
ognized as a negative predictive factor for both KOOS-12 and 
FJS-12. Moreover, the postoperative apex proximal JLO was 
identified as a negative factor for KSS 2011 and KOOS-12. 
Determining the target alignment for each preoperative pheno-
type with reproducibility could improve PROMs.
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alignment method, targeting a hip- knee- ankle angle (HKAA) 
of 0° (neutral alignment).3 Neutral alignment is believed to 
reduce mechanical imbalance between the medial and lateral 
aspects of the knee joint, thereby reducing polyethylene wear 
and loosening.4 However, because this neutral alignment is not 
always the patient’s specific native anatomical alignment,5 there 
is potential to create physiological imbalance in the soft- tissues. 
There is an ongoing debate regarding the optimal alignment to 
improve overall patient satisfaction.3 In the kinematic align-
ment method,6–8 which aims to replicate each patient’s inherent 
anatomical alignment, opinions vary, with some reports indi-
cating improved clinical outcomes compared to the mechanical 
alignment method,9,10 whereas others suggest no statistically 
significant differences.11–13

The Coronal Plane Alignment of the Knee (CPAK) classi-
fication has been proposed to predict individual variations in 
inherent alignment.14,15 This system allows for a classification 
based solely on a full- leg radiograph, categorizing knee joint 
varus/valgus and joint line obliquity (JLO) into three types. 
Using combinations of these categories, a classification from 
phenotype I to IX is derived (Figure 1). In the Asian population, 
there is a higher prevalence of varus alignment, resulting in a 
frequent classification into varus alignment in the CPAK clas-
sification.16 To address this bias, the modified CPAK classifica-
tion has been proposed.17 This classification widens the range of 
neutral alignment of the varus/valgus and joint line compared 
with the original CPAK classification. There are only limited 
reports on the impact of pre- and postoperative changes in the 
original and modified CPAK classifications on patient- reported 
outcome measures (PROMs).18,19

The objectives of this study were to examine the effect of 
postoperative CPAK classification phenotypes (I to IX), and 

their pre- to postoperative changes on PROMs, and determine 
which is more beneficial at predicting improvement in PROMs, 
either the original CPAK or the modified CPAK classification. 
We hypothesized that there would be no difference in PROMs 
between cases where varus/valgus alignment did not change 
pre- to postoperatively and cases that achieved neutral align-
ment, and that postoperative apex proximal joint line orienta-
tion would lead to a decline in PROMs.

Methods
Patients. This retrospective cohort study was conducted in ac-
cordance with the STROBE statement,20 and was approved by 
our facility’s Institutional Review Board (IRB number 2020- 425).

This study included patients undergoing primary TKA using 
two implants for osteoarthritis (OA) at our institution between 
September 2013 and June 2019. Of the 358 patients with 
448 knees, seven patients (eight knees) who underwent revi-
sion surgery due to infection and 11 patients (18 knees) who 
died were excluded. Questionnaires were sent in April 2021 
to 340 patients (422 knees) who met the inclusion criteria; 
231 patients (284 knees) responded, constituting a response rate 
of 68% (Figure 2).
Surgical procedure. All operations were performed using the 
medial parapatellar approach, and a mechanical alignment 
method, without navigation. The Persona PS (Zimmer Biomet, 
USA) and Journey II BCS (Smith & Nephew, USA) cemented 
prostheses were used. All cases underwent patellar resurfacing.
Radiological assessment. Weightbearing anteroposterior 
full- leg radiographs were obtained preoperatively and postop-
eratively in accordance with previous studies.21,22 The medial 
proximal tibial angle (MPTA) and lateral distal femoral angle 
(LDFA) were measured. The MPTA was defined as the medial 
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Fig. 1

Diagram of the Coronal Plane Alignment of the Knee classification, 
developed by MacDessi et al.14 aHKA, arithmetic hip- knee- ankle angle; 
JLO, joint line obliquity; LDFA, lateral distal femoral angle; MPTA, 
medial proximal tibial angle.

Table I. Patient characteristics and postoperative patient- reported 
outcomes.

Variable Data

Patients, n 231

Knees, n 284

Mean age at surgery, yrs (SD) 74.0 (8.0)

Sex, n of knees

Female 238

Male 46

Mean BMI, kg/m² (SD) 26.7 (4.4)

Kellgren- Lawrence grade, n of knees

3 89

4 195

Mean postoperative time interval to response, mths (SD) 55 (24)

Implant, n

Persona PS 150

Journey II BCS 134

Mean PROM (SD)

KSS 2011* 127 (33)

KOOS- 12† 71 (20)

FJS- 12† 50 (26)

*0 to 180.
†0 to 100.
FJS- 12, Forgotten Joint Score- 12; KOOS- 12, Knee injury and 
Osteoarthritis Outcome Score- 12; KSS 2011, Knee Society Score 2011; 
PROM, patient- reported outcome measure.


