Kim et al. Knee Surgery & Related Research (2024) 36:1 Knee S u I’g e I’y
https://doi.org/10.1186/543019-023-00204-3
& Related Research

RESEARCH ARTICLE Open Access

. . ®
Preserving coronal knee alignment et

of the knee (CPAK) in unicompartmental
knee arthroplasty correlates with superior
patient-reported outcomes

Sung Eun Kim'", Kuk-Ro Yun?', Jae Min Lee?, Myung Chul Lee'? and Hyuk-Soo Han'?*

Abstract

Background The optimal alignment target for unicompartmental knee arthroplasty (UKA) remains controver-
sial, and literature suggests that its impact on patient-reported outcome measures (PROMs) varies. The purpose
of this study was to identify the relationship between changes in the coronal plane alignment of the knee (CPAK)
and PROMs in patients who underwent UKA.,

Methods A retrospective analysis of 164 patients who underwent UKA was conducted. The types of CPAK types
categorized into unchanged, minor (shift to an adjacent CPAK type, e.g., type | to Il or type | to IV), and major changes
(transitioning to a nearby diagonal CPAK type or two types across, such as type | to V or type | to lll). PROMs were
assessed preoperatively and 1 year postoperatively using the Hospital for Special Surgery (HSS) scores, Knee Society
(KS) scores, Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), and Forgotten Joint Scores
(FJS). Comparison was performed between patients who experienced and who did not experience any changes

in the CPAK.

Results Patients with preserved native CPAK alignment demonstrated significantly superior 1 year postoperative
outcomes, with higher HSS, KS knee, and WOMAC pain scores (p=0.042, p=0.009, and p = 0.048, respectively). Mean-
while, the degree of change in CPAK did not significantly influence the PROMs, and patients who experienced minor
and major changes in the CPAK showed comparable outcomes.

Conclusion Preserving the native CPAK in UKA procedures is important for achieving favorable clinical outcomes
at 1 year postoperative. The extent of change in the CPAK type exerted a limited impact on PROMs, thus emphasizing
the importance of change in alignment itself.
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Introduction

Unicompartmental knee arthroplasty (UKA) is an effec-
tive surgical treatment for medial compartment osteoar-
thritis, and it offers advantages such as reduced surgical
exposure, preservation of cartilage in unaffected knee
compartments, retention of the cruciate ligaments, and
biomechanics similar to the natural knee [1-5]. It is
widely accepted that alignment affects the survivorship
of UKA, but there is no consensus regarding the optimal
alignment strategies for UKA [6-10].

Despite the endeavor to preserve native knee kinemat-
ics, UKA introduces alignment alterations through res-
toration of the joint space reduced by cartilage loss [11].
Conventional UKA adopts a mechanical alignment con-
cept, aiming to achieve a neutral mechanical axis [12,
13]. This approach is based on the observation that 70%
of the weight-bearing forces exert pressure on the medial
compartment, and this load increases as varus align-
ment increases [14]. Consequently, undercorrection of
varus alignment in medial UKA may result in early wear
and failure of the polyethylene insert [15]. Meanwhile,
recent studies have preferred a kinematic or pre-arthritic
alignment strategy, involving resection of the femur and
tibia to resemble their pre-arthritic state, with an aim to
restore the joint to its state before cartilage degeneration
[16, 17]. The normal alignment of the knee is naturally in
slight varus [18]. In case of patients with constitutional
varus alignment, uniform correction to neutral align-
ment may not be desirable [17].

The coronal plane alignment of the knee (CPAK) clas-
sification method determines a patient’s constitutional
alignment by measuring the medial proximal tibial angle
(MPTA) and lateral distal femoral angle (LDFA) [19].
By determining the difference between the MPTA and
LDFA and then summing them up, the resultant arithme-
tic hip—knee—ankle angle (aHKA) and joint line obliquity
(JLO) can be classified into nine types. These categories
include a range of aHKAs (varus, neutral, and valgus)
and JLO (apex distal, neutral, and apex proximal) [19].
The principles of mechanical or kinematic alignment in
UKA can potentially integrate with the CPAK, as UKA
may change the type of CPAK, thus potentially influenc-
ing patient outcomes [20]. To the best of our knowledge,
none of the studies have yet explored the clinical out-
comes of patients who underwent UKA in relation to a
shift in the CPAK classification.

Therefore, the purpose of this study was to evaluate the
patient-reported outcome measures (PROM:s) in patients
who underwent UKA, by comparing those with changes
in the CPAK phenotype with those who did not experi-
ence any changes in the CPAK phenotype. In addition,
a subgroup analysis categorized patients into those with
a minor shift to an adjacent CPAK type and those with
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major extensive transitions in CPAK type. The aim of this
subgroup analysis was to identify potential differences in
PROMs based on the extent of changes in the CPAK. We
hypothesized that patients with any CPAK change would
exhibit poorer outcomes than those without, and that
major changes would lead to worse outcomes than minor
ones.

Materials and methods
Data collection
This study was approved by the institutional review
board (IRB) of the authors’ institute (IRB no. 2005-180-
1126). The requirement of obtaining informed con-
sent was waived due to the retrospective nature of the
study. We conducted a retrospective review of patients
who underwent medial UKA between January 2005 and
December 2020, with a minimum 1 year postopera-
tive follow-up. The selection criteria for UKA included
patients with medial knee pain due to medial compart-
ment osteoarthritis or osteonecrosis (over Kellgren and
Lawrence grade 2), a coronal plane deformity of less
than 15 degrees, a flexion contracture of less than 15
degrees, intact cartilage in the lateral compartment and
patellofemoral joint as confirmed by magnetic resonance
imaging (MRI), and an intact anterior cruciate ligament,
also verified by MRL

Patient demographic data, including age, sex, and body
mass index (BMI), were collected. Preoperative and post-
operative 1 year MPTA and LDFA values from long-leg
radiographs were measured. The MPTA was defined as
the angle between the proximal joint line and the tibial
mechanical axis, while the LDFA was defined as the lat-
eral angle between the distal joint line and the femo-
ral mechanical axis. Postoperative measurements were
adjusted due to radiopaque femoral and tibial implants,
along with the radiolucent polyethylene insert. The post-
operative MPTA was defined as the angle between the
line from the distal end of the femoral component to the
center of the lateral joint space and the tibial mechanical
axis. The postoperative LDFA was defined as the lateral
angle between the line from the distal end of the femo-
ral component to the center of the lateral joint space and
the femoral mechanical axis. (Fig. 1). As both the medial
tibial and femoral cartilages, along with the subchondral
bones, are resected during UKA, we used the distal end
of the femoral component in the medial compartment as
a reference point for both MPTA and LDFA. This point
contacts the polyethylene insert, serving as a reliable
reference. The CPAK type was categorized based on the
classification by MacDessi et al., with types I through
IX representing the nine alignment phenotypes [19].
The PROMs of patients who retained their CPAK clas-
sification after surgery and who experienced changes in
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Fig. 1 Radiologic parameter measurements: A Preoperative MPTA, B preoperative LDFA, C postoperative MPTA, and D Postoperative LDFA. In C
and D the joint lines were measured using a line extending from the distal end of the femoral component to the center of the lateral joint space.
MPTA, medial proximal proximal tibial angle; LDFA, lateral distal femoral angle

the CPAK classification after surgery were compared.
Additionally, a subgroup analysis was performed by cat-
egorizing patients who experienced a shift in the CPAK
classification: those with minor changes (shift to an adja-
cent CPAK type, e.g., type I to II or type I to IV) and
those with major changes (transitioning to a nearby diag-
onal CPAK type or two types across, such as type I to V
or type I to III).

PROMs, including the Hospital for Special Surgery
(HSS) scores [21], Knee Society (KS) scores (knee scores
and function scores) [22], the Western Ontario and
McMaster Universities Arthritis Index (WOMAC) [23],
and the Forgotten Joint Scores (FJS) [24], were docu-
mented both preoperatively and at 1 year postoperatively.
Complications that necessitated revision surgery were
also recorded until the final follow-up of each patient.

Surgical protocol

All UKAs were performed by two experienced surgeons
at a high-volume tertiary hospital. A medial mini-para-
patellar arthrotomy was performed (10 cm), followed by
osteophyte resection. Medial release was performed only

for the deep medial collateral ligament. Tibial resection
was carried out using extramedullary guides to achieve
matched mediolateral declination and anteroposterior
tibial slope. The target for tibial resection was set at a
thickness of 4 mm to achieve a minimum gap of 8 mm.
Mediolateral inclination was adjusted by manipulating
the distal end position of the extramedullary guide. In
instances where the preoperative MPTA exhibited val-
gus alignment, the resection was aligned with the native
mediolateral declination, as previously mentioned. Nota-
bly, the maximum MPTA was 92 degrees in this study,
and instances of valgus MPTA were rare. Distinct tech-
niques for distal femoral resection were employed based
on the implant used during surgery. For one approach, an
intramedullary guide was used, and the distal femoral cut
was determined by the valgus angle established on the
basis of preoperative standing long-leg radiographs (MIS
Miller/Galante, Zimmer, Warsaw, USA). The other tech-
nique utilized a spacer block to achieve well-balanced
flexion and extension gaps (Sigma High Performance
Partial Knee, DePuy Synthes, Warsaw, USA). All compo-
nents were fixed with cement. Patients were encouraged
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to walk and perform range of motion exercises as toler-
ated on the day of surgery.

Statistical analysis

Statistical analysis was performed using Python 3.11.4.
Categorical variables were evaluated using the chi-square
method, while continuous variables were analyzed using
the independent ¢-test and the one-way analysis of vari-
ance (ANOVA). Post hoc analysis was conducted using
Tukey’s Honestly Significant Difference (HSD) method.
Two blinded independent observers conducted radio-
graphic measurements, and the intraclass correlation
coefficient (ICC) was subsequently calculated to assess
the level of agreement between measurements. A p-value
below 0.05 was considered statistically significant.

Results

The demographic characteristics, preoperative data, and
radiologic characteristics of patients included in this
study are presented in Tables 1 and 2. During the study
period, 173 patients were initially assessed for eligibility,
and 9 patients were excluded due to missing follow-up
records. Finally, 164 patients were included in the analy-
sis. The ICC values for radiologic parameters were 0.943,
0.943, 0.779, and 0.888 for preoperative MPTA, preop-
erative LDFA, postoperative MPTA, and postoperative
LDFA, respectively, and they indicated good agreement
between measurements.

Table 1 Demographic characteristics and preoperative data of

patients

N=164 Mean+SD Range
Sex (male %) 22 (13.4%)

Age (years) 66.5+7.6 37.6-855
Weight (kg) 63.8+10.0 384-1094
Height (cm) 155.7+£6.8 140.0-179.3
Body mass index (kg/m?) 263+33 18.1-39.8
Follow-up duration (months) 19.8+23.0 12.0-151.8
Preoperative knee ROM 1285+13.1 90-150
Postoperative knee ROM 1305+11.5 100-150
Preoperative HSS score 6251152 11-89
Preoperative KS knee score 54.1+16.8 15-90
Preoperative KS function score 380+16.3 3-86
Preoperative WOMAC pain 10.7+43 2-27
Preoperative WOMAC stiffness 40+£20 0-10
Preoperative WOMAC physical function 332+79 4-50
Preoperative WOMAC total 4794105 14-72
Preoperative FJS 11.1+104 2.1-313

SD, standard deviation; ROM, range of motion; HSS, the Hospital for Special
Surgery; KS, the Knee Society; WOMAC, the Western Ontario and McMaster
Universities Arthritis Index; FJS, Forgotten Joint Score
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Table 2 Preoperative and postoperative radiologic
measurements of patients
N=164 Preoperative Postoperative p-Value

Mean+SD Range Mean+SD Range
MPTA 872+19 82.1-920 86.8+1.8 82.8-92.0 0.018*
LDFA 88.7+£1.8 84.0-93.7 89.0+2.2 83.5-95.0 0.029*
PTS 10.7+3.1 03-21.8 81+£29 0-132 <0.001*
JLO 1758£29 1674~ 1758+3.1 168.4- 0.993
185.7 1833

HKA -60+£32 —150t059 -21+£3.0 -110t0 53 <0.001*
aHKA -15+24 -861t058 -21+£27 -112t035 0.001*

Negative values indicate varus angulation.

SD, standard deviation; MPTA, medial proximal tibial angle; LDFA, lateral distal
femoral angle; PTS, posterior tibial slope; JLO, joint line obliquity; HKA, hip-
knee-ankle angle; aHKA, arithmetic hip—knee-ankle angle.

*Statistically significant at p <0.05

The presentation of preoperative and postopera-
tive patient distribution of the CPAK types is depicted
in Fig. 2. Among the patients who underwent UKA, 75
maintained their original CPAK type, whereas 89 expe-
rienced a change in the CPAK type. The transition of the
CPAK type from preoperative to postoperative status is
visualized through a heat map (Fig. 3).

The preoperative MPTA, LDFA, and HKA in patients
who retained their CPAK type were 86.8+1.9, 88.7+2.1,
and —6.0+£3.0 degrees, respectively. In contrast, those
who experienced changes in their CPAK type had pre-
operative measures of 87.4+1.9, 88.6 1.6, and —6.2£3.3
degrees, respectively. Comparisons of preoperative
MPTA, LDFA, and HKA between the two groups showed
no significant differences (p= 0.080, p=0.627, p=0.619,
respectively).

A comparison of PROMs between patients who
retained their original CPAK type and those who expe-
rienced alterations in the CPAK type is presented in
Table 3. No significant differences were observed in
preoperative PROMs between the two groups. How-
ever, postoperative PROMs, including the 1 year HSS
score, KS knee score, and WOMAC pain score, were
significantly superior in patients who did not expe-
rience any CPAK changes (p=0.042, p=0.009, and
p=0.048, respectively). Other scores also exhibited a
tendency to favor patients who did not experience any
CPAK changes, although these differences were not sta-
tistically significant. When subcategorizing the patients
based on CPAK changes, 73 were classified into the
minor CPAK change group, while 16 patients were cat-
egorized into the major CPAK change group. A statis-
tically significant difference was observed in the 1 year
KS knee score (p=0.019), indicating superior outcomes
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CPAKpost, postoperative CPAK
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Table 3 Comparison of patient-reported outcome measures between patients with retained and altered CPAK types

No CPAK change (n=75) CPAK change (n=89) p-Value
Preoperative HSS score 63.0+£128 622+17.1 0.790
Preoperative KS knee score 532+18.1 548+158 0.669
Preoperative KS function score 380x165 38.0£16.3 1.000
Preoperative WOMAC pain 10.7+£3.8 10.7+4.7 0.939
Preoperative WOMAC stiffness 41£19 39+20 0.755
Preoperative WOMAC physical function 345+74 321483 0.152
Preoperative WOMAC total 4924103 46.8+10.7 0.275
Preoperative FJS 9.8+9.5 123£116 0.606
1Y HSS score 88.1+95 83.3+132 0.042%
1Y KS knee score 904+7.1 86.1£109 0.009*
1Y KS function score 66.1£18.9 63.0£19.9 0.384
1Y WOMAC pain 29+30 41+39 0.048*
1Y WOMAC stiffness 1.6+1.6 20418 0.208
1Y WOMAC physical function 154489 16.8+10.8 0422
1Y WOMAC total 198+119 229+147 0.204
1Y RS 56.3+25.1 56.9+20.6 0.929

CPAK, Coronal plane alignment of the knee; HSS, the Hospital for Special Surgery; KS, the Knee Society; WOMAC, the Western Ontario and McMaster Universities
Arthritis Index; FJS, Forgotten Joint Score

*Statistically significant at p <0.05

in patients who did not experience any CPAK changes Throughout the study period, four patients required
compared with those in the minor and major CPAK revision surgery. Among them, two underwent conver-
change groups (Table 4). Meanwhile, no significant dif-  sion to total knee arthroplasty due to tibial component
ference was found between the minor and major CPAK  loosening, which occurred at 82 months and 6 months
change groups. postoperatively. Another patient required conversion to

Table 4 Comparison of patient-reported outcome measures based on the degree of CPAK change

No CPAK change Minor CPAK Change Major CPAK Change p-Value

(n=75) (n=73) (n=16)
Preoperative HSS score 63.0£12.8 634+17.2 52.0+14.0 0.281
Preoperative KS knee score 532+18.1 56.9£15.0 415+154 0.104
Preoperative KS function score 380+165 386+169 347+126 0.850
Preoperative WOMAC pain 10.7£3.8 10.8£4.8 106£3.7 0.991
Preoperative WOMAC stiffness 41+£19 38422 41107 0.904
Preoperative WOMAC physical function 345+74 313+83 370+7.0 0.075
Preoperative WOMAC total 4924103 46.0+10.7 51.7+9.6 0.225
Preoperative FJS 9.8+95 10.1+£121 17.7+103 0.644
1Y HSS score 88.1+£95 82.8+13.7 86.0+9.8 0.130
1Y KS knee score 904+7.1 86.8+10.1 824+£145 0.019*
1Y KS function score 66.1+18.9 63.1£19.8 62.6+21.0 0.688
1Y WOMAC pain 29+30 41+38 45+43 0.155
1Y WOMAC stiffness 1.6£1.6 20£1.7 1.7+£22 0.409
1Y WOMAC physical function 154+89 16.7+£10.6 17.2+123 0.732
1Y WOMAC total 19.8+11.9 228+143 234£176 0467
1Y RS 533+25.1 583+19.7 50.0+26.0 0.754

CPAK, Coronal plane alignment of the knee; HSS, the Hospital for Special Surgery; KS, the Knee Society; WOMAC, the Western Ontario and McMaster Universities
Arthritis Index; FJS, Forgotten Joint Score

*Statistically significant at p <0.05
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total knee arthroplasty due to a periprosthetic fracture
of the proximal tibia resulting from a fall. Additionally,
one patient developed periprosthetic infection 2 months
after surgery and subsequently underwent arthroscopic
debridement, without infection recurrence.

Discussion

The main findings of this study revealed a significant dif-
ference in postoperative 1 year PROMs among patients
who underwent UKA, and superior outcomes were
observed in patients who did not experience any change
in the CPAK types. The degree of CPAK change, whether
minor or major, did not show any significant difference or
trend in PROMs.

In this study, we utilized the CPAK classification as a
novel approach to determine the optimal alignment fol-
lowing UKA. To the best of the authors’ knowledge,
this is the first investigation to assess PROMs based on
CPAK changes following UKA. Notably, patients who
did not experience any CPAK changes demonstrated
significant improvements in the HSS scores, KS knee
scores, and WOMAC pain scores. In addition, an over-
all favorable trend was observed in the PROMs in these
patients, with the exception of the FJS. This may suggest
that while patients are likely to experience a significant
improvement of PROMs postoperatively, those with pre-
served CPAK types likely experience greater pain relief
and improved functional outcomes. Likewise, deviation
from the native alignment may result in relatively less
improvement in discomfort, pain, and decreased func-
tion compared with maintaining the original alignment.
These findings, in the clinical setting, may encourage the
surgeons to prioritize the patient’s native alignment when
performing UKA.

Another strength of this study is the detailed catego-
rization of CPAK changes into unchanged, minor, and
major change groups. Interestingly, the findings revealed
that the degree of change in the CPAK did not influ-
ence PROMs, compared with the change in CPAK itself.
The number of patients with major CPAK changes was
less (16 patients) than that of patients with minor CPAK
changes (73 patients). This difference may be attributed
to the fact that the UKAs assessed in this study were not
aimed at overcorrecting the coronal alignment.

The optimal alignment target for UKA has been
extensively studied; however, it has yielded inconclu-
sive results. Alignment targets can be classified into
the following three categories: overcorrection (includ-
ing valgus alignment), undercorrection, and alignment
resembling the patient’s native state. Studies supporting
neutral or overcorrected alignment, such as those by Col-
lier et al. and Whiteside et al., associated postoperative
valgus alignment with a reduced risk of revision, despite
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potential unfavorable PROMs with extreme valgus knee
angulation [7, 13]. Bayoumi et al. found that relative over-
correction from pre-arthritic alignment yielded improved
mid-term outcomes compared with relative undercor-
rection [25]. In contrast, several studies have reported
against valgus overcorrection in medial UKA [26-28].
Hernigou et al. demonstrated that valgus overcorrection
of the coronal alignment increased the risk of cartilage
degeneration in the lateral knee compartment [27]. Price
et al. found that lateral knee compartment arthritis was
the primary cause of revision in medial UKAs [29]. Addi-
tionally, a simulation study by Sekiguchi et al. suggested
that a 2° varus to neutral alignment in the coronal plane
was preferable compared with varus exceeding 4° or val-
gus alignment [9].

The postoperative changes in CPAK following medial
UKA can primarily be attributed to changes in the
medial joint line. If the joint line remains unchanged, it is
expected that CPAK would also remain consistent. How-
ever, several factors can lead to variations in the joint
line. In cases where tibial resection is minimal, and the
gap is adjusted through additional femoral resection, the
medial joint line may elevate, resulting in changes in joint
line obliquity from apex distal to either neutral or apex
proximal. Conversely, excessive tibial resection may have
the opposite effect. Additionally, correction of flexion
contracture through soft tissue release or bone resection
aimed at achieving an appropriate extension gap may also
contribute to change in CPAK.

There are several limitations to this study. First, its
retrospective nature and the relatively small sample size
increased the risk for introducing selection bias. In addi-
tion, 1 year PROMs were used as the primary outcomes,
and longer follow-up periods are needed to assess any
postoperative complications, including implant longevity.
Third, the absence of a standardized approach for meas-
uring the postoperative MPTA and LDFA in patients who
underwent UKA necessitated designation of the center
of the lateral joint space as a landmark. Although this
method can provide a foundation for future investiga-
tions, its application should be interpreted cautiously.

Conclusion

Preserving the native CPAK in UKA procedures is
important for achieving favorable clinical outcomes at
1 year postoperative. The extent of change in the CPAK
type exerted a limited impact on PROMs; thus, empha-
sizing the importance of change in alignment itself.

Abbreviations

aHKA  Arithmetic hip—knee-ankle angle
CPAK  Coronal plane alignment of the knee
JLO Joint line obliquity
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LDFA Lateral distal femoral angle
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