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Total knee arthroplasty is one of the widely
performed orthopedic surgeries worldwide;
achieving a pain-free and functional joint, along
with high patient satisfaction, are among the goals
of this surgery.” Patient, surgeon, and implant-
related factors influence the outcomes. One of
the patient-related factors is the morphological
changes of the distal femur and proximal
tibia, which contribute to the formation of the
knee joint surface.” Implant malposition and
malalignment are among the causes of revision
knee arthroplasty.® Therefore, the impact of implant
coronal plane position on outcomes has drawn the
attention of researchers.
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ABSTRACT

Objectives: This study aimed to phenotype healthy individuals
and patients with arthritic knees in the Turkish population
according to the Coronal Plane Alignment of the Knee (CPAK)
classification.

Patients and methods: The retrospective cross-sectional study
included 207 healthy individuals (109 males, 98 females; mean
age: 32.9+8.4 years; range, 20 to 45 years) with a total of
414 knees (Group 1) and 296 patients (155 females, 141 males;
mean age: 54.5+7.9 years; range, 43 to 80 years) with a total
of 408 arthritic knees (Group 2) who met the inclusion criteria
and underwent evaluation using digital long-leg radiographs
between January 2019 and July 2023. Mechanical lateral distal
femoral angle and medial proximal tibial angle were measured.
Subsequently, the arithmetic hip-knee-ankle angle (aHKA) and
joint line obliquity (JLO) were calculated. Based on the results
obtained, participants in both groups were categorized according
to the CPAK classification.

Results: In Group 1, the mean aHKA was 0.3°+2.5°, and the mean
JLO was 175.2°+3.5°. In Group 2, the mean aHKA was -1.4°+3.9°,
and the mean JLO was 174.6°+3.7°. The most common CPAK type
in healthy individuals (Group 1) was type 2 (41.5%), followed by
type 3 (14.7%) and type 1 (14.5%). In arthritis patients (Group 2),
the most common CPAK type was type 2 (31.6%), followed by type
1 (28.2%) and type 3 (13.5%).

Conclusion: The CPAK classification serves as an important
guide for categorizing lower extremity alignment. In the Turkish
population, healthy individuals most commonly exhibited CPAK
type 2, 3, and 1 alignments, respectively, while osteoarthritic
patients predominantly displayed CPAK type 2, 1,and 3 alignments.

Keywords: Coronal Plane Alignment of the Knee classification, knee
alignment, knee arthroplasty, Turkish population.

The long-term functional outcomes and satisfaction
of total knee arthroplasty performed based on
mechanical alignment have been well-documented
for many years.® In mechanical alignment, bone
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cuts are made perpendicular to the mechanical
axis to bring the lower extremity alignment into
a neutral position. This is argued to prevent
patellar instability, equalize load distribution in the
mediolateral direction, and prevent polyethylene
wear and early prosthesis loosening.! Subsequently,
Bellemans et al® reported that a natural varus
alignment of >3° defined as constitutional varus,
generally occurs in 32% of males and 17% of females.
Therefore, it has been suggested that total knee
arthroplasty performed in neutral (mechanical)
alignment could result in overcorrection in some
patients. It has been emphasized that less correction
may yield better functional results compared to
neutral alignment.” Hence, applying arthroplasty in
mechanical alignment for everyone, disregarding soft
tissue balance, may not provide the same functional
and satisfactory results for all patients. This has led
to the definition of alternative alignments, including
anatomical, adjusted mechanical, kinematic, and
restricted kinematic alignment techniques."!"

Recently, the Coronal Plane Alignment of the Knee
(CPAK) classification was introduced to the literature
by MacDessi et all? In this classification, lower
extremity alignment is divided into nine groups
based on the arithmetic hip-knee-ankle angle (aHKA)
and joint line obliquity (JLO). Subsequently, through
CPAK studies conducted in different countries, it has
been reported that lower extremity alignment varies
across populations.

This study aimed to phenotype young, healthy
individuals and patients with arthritic knees
in the Turkish population according to the CPAK
classification. The study primarily assessed whether
there was a difference in CPAK classification between
young, healthy individuals and individuals with
arthritic knees in the Turkish population. The study
also determined whether there was a difference in
coronal plane lower extremity alignment between the
Turkish population and other populations.

PATIENTS AND METHODS

This retrospective cross-sectional cohort study
was conducted at the Istanbul Training and
Research Hospital, Department of Orthopedics and
Traumatology. The study included healthy individuals
(Group 1) and patients with arthritic knees (Group 2)
who presented to our high patient volume institution
between January 2019 and July 2023. Standard
long-leg radiographs (LLRs) of all participants
were evaluated from the digital radiology system
(PACS; picture archiving communication systems).
Inclusion criteria for Group 1 were individuals
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aged between 20 and 45 years with no knee joint
complaints who sought medical examination for
employment purposes. In Group 2, individuals with
knee joint pain symptoms and radiological evidence
of Kellgren-Lawrence grade 3-4 osteoarthritis with
primary gonarthrosis were included. Individuals
with congenital anomalies, sequelae of poliomyelitis,
traumatic arthritis, limb length discrepancy, a history
of lower extremity fractures, orthopedic surgical
history with implantation due to fractures, a history of
hip or knee arthroplasty, lower extremity deformities,
and amputation history were excluded from the
study. Of a total of 2,437 radiological evaluations,
414 knees of 207 patients (109 males, 98 females; mean
age: 32.918.4 years; range, 20 to 45 years) in Group 1
and 408 knees of 296 patients (155 females, 141 males;
mean age: 54.5t7.9 years; range, 43 to 80 years) in
Group 2 met the criteria.

The PACS of the hospital information management
system (PROBEL, Izmir, Tiirkiye) was used for
radiological measurements. All measurements were
made by two senior surgeons who blinded to the
demographic and group information of participants.
In case of disagreement among the examiners,
remeasurements were made until consensus was
reached. For standard LLR imaging, patient is placed
in front of the long-leg scanogram frame in a bipedal
stance with the patella facing forward. Digital cassette

FIGURE 1. (a) Mechanical Hip-Knee-Angle (mHKA)
measurement. (b) Mechanical Lateral Distal Femoral Angle
(LDFA) and Mechanical Medial Proximal Tibial Angle (MPTA)
measurement.
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is used to take the radiographs, with the X-ray
source positioned at a fixed distance of 180 cm from
the scanogram frame. The following measurements,
as described by Paley™ in standard LLRs, were
performed (Figure 1): mechanical hip-knee-angle, the
angle between the mechanical axes of the femur and
tibia; mechanical lateral distal femoral angle (LDFA),
the angle between the mechanical axis of the femur
and the distal femoral joint line; mechanical medial
proximal tibial angle (MPTA), the angle between the
mechanical axis of the tibia and the proximal tibial
joint line.

Subsequently, the aHKA and JLO used in the
CPAK classification were calculated (Figure 2).'?
The aHKA is calculated as aHKA=MPTA-LDFA. A
negative aHKA indicates varus alignment, while a
positive aHKA indicates valgus alignment. The JLO
is calculated using the formula JLO=MPTA+LDFA,
describing the horizontal relationship between the
joint line and the ground. Joint line obliquity is
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labeled as “parallel” or “neutral” when it equals 180°,
“apex proximal” when >180° and “apex distal” when
<180°. The CPAK classification consists of nine groups
determined based on aHKA and JLO. In the CPAK
classification, neutral alignment is defined as aHKA
between +2° and -2°, varus alignment as aHKA <-2°,
and valgus alignment as aHKA >+2°. The orientation
of the joint line is defined as “neutral” when JLO is
between 177° and 183° “apex distal” when JLO is
<177° and “apex proximal” when JLO is >183°.

Statistical analysis

Data were analyzed using IBM SPSS version
25.0 software (IBM Corp., New York, NY, USA).
Descriptive statistics were expressed as mean,
standard deviation, median, minimum, and
maximum values for numerical variables and with
numbers and percentages for categorical variables.
Comparisons of the numerical variables in two
independent groups were made using Student's t-test
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FIGURE 2. Coronal plane alignment of the Knee classification.
HKA: Hip-knee-ankle; LDFA: Lateral distal femoral angle; CPAK: Coronal Plane Alignment of the

Knee; MPTA: Mechanical medial proximal tibial angle; JLO: Joint line obliquity; aHKA: Arithmetic
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for data with normal distribution. The difference
of categorical variables in independent groups was
examined with the chi-square test. The intraclass
correlation coefficient (ICC) was employed to assess
interobserver agreement pertaining to the LDFA and
MPTA angle measurements. Two-way random mode
was used to calculate the ICC with a 95% confidence
interval. The ICC was interpreted as follows: below
0.50, poor; between 0.50 and 0.75, moderate; between
0.75 and 0.90, good; above 0.90, excellent. A p-value
<0.05 was considered statistically significant.

RESULTS

The demographic characteristics and radiological
evaluation results of the study groups are presented
in Table I. According to the results obtained
in Group 1, healthy individuals had neutral or
constitutional varus alignment of the lower extremity
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with the apex-distal joint line. However, while the
mean aHKA was 1.0°+2.6° and JLO was 176.4°+3.5° in
healthy females, they were -0.4°£2.1° and 174.0°+3.1°
in healthy males, respectively. It was determined by
these findings that females had valgus alignment,
and males had varus alignment. Nevertheless, the
joint line was similar in both groups, with an apex
distal.

In Group 2, the results showed that patients
with arthritic knees had varus alignment with
the apex-distal joint line. Among female patients,
the mean aHKA was -1.1°+3.8°, and the mean JLO
was 174.7°+4.1°. In male patients, these values were
-2.2°+4.1° and 174.2°+3.4°, respectively. According
to these findings, male patients had more varus
alignment than female patients, and the joint line
was apex distal in both sexes.

TABLE |
Demographic characteristics of the groups

Group 1 (n=207) Group 2 (n=296)

Parameters n % Mean+SD Min-Max n Y% MeanxSD Min-Max p
Age (year) 32.9+8.4 20-45 54.5+7.9 43-80 <0.001*
Sex 0.235™*

Female 98 47.3 155 524

Male 109 527 141 476
LDFA 88.0°+2.3° 88.0°+2.9° 0.874 *
MPTA 87.2°%1.9° 86.6°+£2.6° <0.001 *
aHKA 0.3°+2.5° -1.4°+3.9° <0.001 *
JLO 175.2°+£3.5° 174.6°£3.7 0.012*
SD: Standard deviation; LDFA: Lateral distal femoral angle; MPTA: Mechanical medial proximal tibial angle; aHKA: Arithmetic hip-knee-ankle angle; JLO: Joint line
obliquity; * Student’s t test; ** Chi-squared test.

TABLE I
Distribution of groups according to the CPAK classification

Group 1 (n=414) Group 2 (n=408)

CPAK groups n %o n Y% P

1 60 14.5 115 28.2 <0.001
2 172 41.5 129 31.6 0.004
3 61 14.7 55 13.5 0.618
4 21 5.1 42 10.3 0.006
5 49 11.8 50 12.3 0.915
6 45 10.9 10 2.5 <0.001
7 0 0.0 4 1.0 0.060
8 2 0.5 0 0.0 0.499
9 4 1.0 3 0.7 >0.999
CPAK: Coronal Plane Alignment of the Knee; * Fisher’s Exact test.
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Both the LDFA and MPTA measurements
demonstrated significant interobserver correlations,
with coefficients of 0.939 and 0.931, respectively, as
well as significant intraobserver correlations, with
coefficients of 0.939 and 0.928, respectively.

In Group 1, it was found that the most common
CPAK alignment was type 2 (41.5%), followed by
type 3 (14.7%) and type 1 (14.5%; Table II). The scatter
graph for Group 1 is shown in Figure 3. Coronal
Plane Alignment of the Knee type 2 was found to be
the most common type in both males and females in
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Group 1 (33.0% and 50.0%, respectively). However,
the second most frequently observed alignment was
type 1 CPAK (21.2%) in males, while it was type 6
CPAK (19.4%) in females.

In Group 2, it was observed that the most common
CPAK alignment was type 2 (31.6%), followed by
type 1 (28.2%) and type 3 (13.5%; Table II). The scatter
graph for Group 2 is shown in Figure 4. When
evaluated by sex in Group 2, CPAK type 2 was most
frequently observed in females (31.8%), and type 1
was most frequent in males (36.7%). Additionally,
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FIGURE 3. Scatter graph of CPAK classification in the healthy individual group (Group 1).

CPAK: Coronal Plane Alignment of the Knee.

Group 2

Arithmetic hip-knee-ankle ankle (aHKA)

-14 -10 -6
165

[ ]

CPAK 1
5 115 (28.2%)
3 7, .
>
5 o % ° o .’qﬁos
% 0 S %
8 177 - e
2 o CPAK 4
E 42 (10.3%) 9
(o]
> 183

CPAK 7

0,
189 4 (1.0%) 5

2 6 6 14

CPAK 3
55 (13.5%)

[ ]
o CPAK 6
10 (2.5%)

CPAK 9
3(0.7%)

(0.0%)

FIGURE 4. Scatter graph of CPAK classification in the arthritic patient group (Group 2).

CPAK: Coronal Plane Alignment of the Knee.



CPAK of the Turkish population

the second most common alignment in females was
CPAK type 1 (24.3%), while in males it was type 2
(31.3%).

DISCUSSION

This study is significant as the first study on CPAK
classification in the Turkish population; based on
the results, it was determined that in both healthy
individuals and arthritic patients in the Turkish
population, the most common CPAK alignment
was type 2 (neutral alignment, apex distal joint
line orientation), accounting for 41.5% and 31.6%,
respectively.!'”! The second most frequently observed
alignment was type 3 (14.7%) in healthy individuals,
while it was type 1 (28.2%) in the arthritic patient
population.

Research aimed at improving both functional
outcomes and patient satisfaction following
total knee replacement continues to be popular.
With the developments in implant designs, the
effect of lower extremity coronal alignment on
postarthroplasty results is of interest. Total knee
arthroplasty performed with mechanical alignment
causes an acute change in the lower extremity
alignment of patients. This increases the effort
required for patients to adapt to both their implants
and the new alignment after arthroplasty. The
individual alignment approach has come to the
fore with “constitutional varus.”#l As a result, it
was emphasized that kinematic alignment-based
total knee arthroplasty can be an alternative to
mechanical alignment-based procedures."”)

Classifications are useful in creating a common
language among healthcare professionals. In this
regard, the CPAK classification has become a valuable
guide for orthopedic surgeons in highlighting both
interindividual and interpopulation differences in
lower limb alignment. It plays a significant role
in preoperative planning, demonstrating its impact
on postoperative outcomes. The initial reference
study that defined CPAK was conducted with
participants from Australia (comprising the arthritic
patient group) and Belgium (comprising the group of
healthy individuals).'? In both healthy and arthritic
individuals, type 2 (neutral alignment with apex
distal joint line orientation) was shown to be the most
common (39.2% and 32.2%, respectively), followed by
type 1 (varus alignment with apex distal joint line
orientation; 26.4% and 19.4%, respectively).

Subsequent studies have reported lower limb
alignments in different populations. In a study
examining the Indian population, the most common
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types were type 2 (25.6%) and type 1 (21.2%) in
healthy individuals, while the arthritic population
had type 1 (58.8%) and type 4 (varus alignment and
neutral joint orientation line; 18.2%), respectively.!'¥
Toyooka et al." found that in the arthritic Japanese
population, the most common CPAK alignments
were type 1 (53.8%) and type 2 (25.4%).

In a recent study conducted in Taiwan, a healthy
Asian population aged 20 to 70 years was evaluated,
and it was found that the most common CPAK
alignments were type 2 (39.3%) and type 1 (36.4%).2"
Additionally, in this study, due to a higher prevalence
of varus alignment in the Asian population, they
modified the original CPAK classification by accepting
aHKA (anatomical hip-knee-ankle angle) as 0°t3°
(the original CPAK classification specifies aHKA of
0°+2°). They also introduced the concept of actual
JLO (aJLO; aJLO=90°—(LDFA+MPTA)/2) since they
believed it better explained the relationship between
the joint line and the ground. After modifying the
CPAK measurements, the rate of neutral alignment in
the Asian population increased from 4.7% (according
to the original CPAK classification) to 25.7%.2% The
aJLO modification of the author can be supported by
other studies in terms of showing the relationship
between the joint line and the ground.

When the results of our study were compared
with the literature, the coronal plane alignment of
the healthy Turkish population was similar to the
European, Indian, and Asian populations; on the
other hand, while the pattern of the arthritic Turkish
population is similar to the arthritic Australian and
Asian populations, it is different from the Indian and
Japanese populations."!

Huber et al.?! examined the effect of sex on
the knee alignment in an arthritic population by
evaluating 8,739 cases. They emphasized that varus
alignment was more prevalent in males, while
neutral alignment and valgus alignment were more
common in females. In males, the most frequent
alignment types were type 1 (38.8%) and type 2
(27.3%), whereas in females, it was reported to be
type 2 (27.3%) and type 3 (25.7%) in descending order.
In our study, similarly, the most frequent alignment
types in arthritic males were type 1 (36.7%) and
type 2 (31.3%). However, in the female patient group,
the most common types were type 2 (31.8%) and
type 1 (24.3%).

In total knee arthroplasty performed based on
mechanical alignment, the goal is to achieve a CPAK
type 5 alignment, which corresponds to a neutral
alignment and a joint line parallel to the ground. As
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previously mentioned, attempting to obtain the same
alignment in every patient, disregarding individual
lower limb alignment, may not necessarily lead
to uniform postoperative outcomes. For instance,
the transition from CPAK type 1 or type 2 in
a patient to CPAK type 5 postoperatively and,
similarly, from CPAK type 4 to type 5 in another
patient may not yield equivalent satisfaction and
functional results due to changes in soft tissue
balance these individuals possess. In fact, it has
been reported that altering lower limb alignment
phenotypes excessively in patients can have negative
consequences.? Furthermore, it should be noted that
the number of individuals in the general population
who physiologically possess a neutral alignment and
joint line orientation (CPAK type 5) is a minority. In
our study, CPAK type 5 alignment constitutes 11.8%
of healthy individuals and 12.3% of the arthritic
patient group. In the reference CPAK study, 15.6% of
healthy individuals and 14.6% of patients had type 5
alignment.'? Mulpur et al.'¥ and Toyooka et al.'*!
reported figures of 19.6% and 3.4%, respectively, in
arthritic populations. Further studies should aim to
share the impact of preoperative and postoperative
CPAK alignment changes on functional outcomes
and patient satisfaction in the literature.

Although our study reached an adequate
number of participants, its limitation as a
single-center study restricts the generalizability
of the results to the entire population. Conducting
studies with the participation of multiple centers
from different geographic regions in our country
can provide results that more comprehensively
reflect the Turkish population. Furthermore,
long-term follow-ups of healthy individuals can
be conducted to identify changes in lower limb
alignments over time.

In conclusion, individual lower extremity
alignment should be considered in preoperative
planning to increase functional results and
patient satisfaction in total knee arthroplasty. The
CPAK classification serves as an important guide
for surgeons, providing a common language. In
the Turkish population, healthy individuals
predominantly exhibit CPAK type 2, 3, and 1
alignments, while arthritic patient populations
predominantly exhibit CPAK type 2, 1, and 3
alignments, respectively.
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