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Aims
While mechanical alignment (MA) is the traditional technique in total knee arthroplasty (TKA), its
potential for altering constitutional alignment remains poorly understood. This study aimed to
quantify unintentional changes to constitutional coronal alignment and joint line obliquity (JLO)
resulting from MA.

Methods
A retrospective cohort study was undertaken of 700 primary MA TKAs (643 patients) performed
between 2014 and 2017. Lateral distal femoral and medial proximal tibial angles were meas-
ured pre- and postoperatively to calculate the arithmetic hip-knee-ankle angle (aHKA), JLO,
and Coronal Plane Alignment of the Knee (CPAK) phenotypes. The primary outcome was the
magnitude and direction of aHKA, JLO, and CPAK alterations.

Results
The mean aHKA and JLO increased by 0.1° (SD 3.4°) and 5.8° (SD 3.5°), respectively, from pre-
to postoperatively. The most common phenotypes shifted from 76.3% CPAK Types I, II, or III
(apex distal JLO) preoperatively to 85.0% IV, V, or VI (apex horizontal JLO) postoperatively.
The proportion of knees with apex proximal JLO increased from 0.7% preoperatively to 11.1%
postoperatively. Among all MA TKAs, 60.0% (420 knees) were changed from their constitutional
alignments into CPAK Type V, while 40.0% (280 knees) either remained in constitutional Type V
(5.0%, 35 knees) or were unintentionally aligned into other CPAK types (35.0%; 245 knees).

Conclusion
Fixed MA targets in TKA lead to substantial changes from constitutional alignment, primarily a
significant increase in JLO. These findings enhance our understanding of alignment alterations
resulting from both unintended changes to knee phenotypes and surgical resection imprecision.
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Take home message
• Unintentional changes to Coronal Plane Alignment of the

Knee phenotypes commonly occur with a fixed mechanical
alignment approach in total knee arthroplasty surgery.

• Most of this change is caused by joint line alteration,
resulting in a significant proportion of patients with a
postoperative apex proximal joint line.

Introduction
Mechanical alignment (MA) in total knee arthroplasty (TKA)
aims for neutral coronal alignment and horizontal joint line
obliquity (JLO) to achieve a balanced load distribution.1

Unintentional alterations to patients’ constitutional alignment
often result, because MA is a fixed alignment target, aiming to
give all patients the same neutral JLO. Additionally, errors in
surgical resection precision may occur.2,3

The Coronal Plane Alignment of the Knee (CPAK)
classification categorizes knee alignment into nine pheno-
types based on constitutional coronal alignment and JLO.4

Regardless of the patient’s constitutional knee phenotype,
CPAK Type V is the alignment target for MA, resulting in
neutral coronal alignment and horizontal JLO. Sappey-Mari-
nier et al5 retrospectively analyzed 1,078 knees, and found
that 42% of MA TKAs did not achieve neutral mechanical
alignment, and only 18% were restored to their CPAK type.
However, little is known regarding the magnitude, direction,
and implications of the constitutional alignment changes
that result from MA. Categorization of each patient’s unique
pre-arthritic anatomy and final alignment angles may assist
in more accurately defining the alignment alterations caused
by these changes. Furthermore, understanding the resulting
biomechanical and clinical impact is essential for refining
surgical techniques in the era of personalized surgery, with
its potential for optimizing patient outcomes.

We therefore conducted a radiological analysis of
the magnitude and direction of alignment alterations from
constitutional alignment in order to assess the proportion
of alignment changes in patients undergoing MA TKA. Our
primary hypothesis was that in patients undergoing primary
MA TKA there would be significant alterations from consti-
tutional alignment, JLO, and CPAK type. This study aims to
advance our knowledge of these changes in constitutional
alignment that occur with MA, providing valuable insights for
surgeons and researchers aiming to improve TKA outcomes.

Methods
Study group
This retrospective cohort study included consecutive patients
who underwent primary MA TKA between 8 January 2014
and 14 December 2017. The surgeries were performed by
two experienced knee surgeons (SJM, DBC) at two cen-
tres in Sydney, Australia. Exclusion criteria were: need for
increased prosthetic constraint beyond posterior-stabilized
inserts; post-traumatic knee deformities; missing or low-qual-
ity imaging (e.g. patella significantly rotated relative to the
distal femoral cortices, suggesting rotational imaging errors);
and patients who did not provide written consent. The study
obtained ethics approval from the Hunter New England Local
Health District (#EX202011-01).

Surgical technique – mechanical alignment
All patients underwent spinal anaesthesia (with or with-
out general anaesthesia) and a medial parapatellar surgical
approach was used. Total knee prosthesis systems included
Legion (Smith & Nephew, USA); Score Rotating Platform
(Amplitude Surgical SAS, France); Anatomic Posterior-Stabi-
lized (Amplitude Surgical SAS); and Evolution Medial Pivot
(MicroPort Orthopedics, USA). The patella was resurfaced in all
cases, and either conventional instrumentation or computer-
assisted navigation was used. Fixation was per surgeon
preference. Soft-tissue releases were performed if imbalance
existed after implant trialling. All TKAs were aligned according
to the following MA targets: coronal alignment (neutral to the
mechanical axes for both the proximal tibia and distal femur);
femoral rotation (3° external rotation relative to the posterior
condylar axis, or neutral relative to the surgical transepicondy-
lar axis); tibial rotation (parallel to Insall’s Line);6 femoral flexion
(3° to 5°); and tibial slope (3°).

Recorded measurements
Participants underwent preoperative standing long leg
radiographs (LLRs) in the “stand-at-attention” position, with
both patellae facing forward.7 A single observer (LC) meas-
ured the lateral distal femoral angle (LDFA) and the medial
proximal tibial angle (MPTA). The joint line of the proximal
tibia was determined by identifying the most distal contours
on the medial and lateral tibial plateaus. Likewise, the joint
line of the distal femur was determined by locating the most
distal points on the medial and lateral femoral condyles. These
measurements were used to calculate the arithmetic hip-knee-
ankle angle (aHKA, calculated as MPTA – LDFA), JLO (calcula-
ted as MPTA + LDFA), and CPAK types. Postoperatively, a CT
scan was performed at a single imaging centre following a
standardized Perth Protocol.8 Two trained CT radiographers

Table I. Baseline characteristics.

Variable Value

Mean age, yrs (SD) 68.2 (7.9)

Mean BMI, kg/m2 (SD) 29.7 (5.7)

Sex, female % (n) 61.4 (395)

Laterality, left, % (n) 48.6 (340)

Surgical technique, % (n)

Instrumented 85.6 (599)

CAS 14.4 (101)

Fixation, % (n)

Fully cemented 98.5 (689)

Cementless femur and tibia 0.1 (1)

Cementless femur, cemented tibia 1.4 (10)

Insert type, % (n)

Posterior-stablized 89.9 (629)

Cruciate-sacrificing 10.0 (70)

Cruciate-retaining 0.1 (1)

CAS, computer-assisted surgery; SD, standard deviation.
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(see Acknowledgements) measured the MPTA and LDFA, as
described by Solayar et al,9 and these values were used to
calculate the postoperative aHKA, JLO, and CPAK type. The
Perth CT protocol demonstrates good-to-excellent intra- and
interobserver reliability for these measurements.10

Outcomes
The primary outcome was the magnitude and direction of
alteration of MPTA, LDFA, aHKA, and JLO in patients undergo-
ing MA TKA, with the following subgroups: 1) constitutional
coronal alignment (varus, < -2°; neutral, -2° to 2° inclusive;
valgus, > 2°); 2) JLO (apex distal, < 177°; apex neutral, 177° to
183° inclusive; apex proximal, > 183°); and 3) CPAK Types I to
IX. The secondary outcome was the proportion of alignments

changed in patients undergoing MA TKA. This was analyzed
for the same subgroups as specified above, categorized to:
1) achievement of MA alignment target (neutral aHKA with
2° alignment boundary and horizontal JLO with 3° align-
ment boundary, resulting in CPAK Type V); 2) unintentional
restoration of constitutional alignment; or 3) unintentional
change to all other alignments.

Statistical analysis
Continuous data were presented as means and standard
deviations (SDs), while discrete data were presented as
frequencies with percentages. Normality of data distribution
was assessed with histograms, Q-Q plots, and the Shapiro-Wilk
test for group sizes < 50 and Kolgomorov-Smirnov test for

Fig. 1
Study flowchart. MA, mechanical alignment; TKA, total knee arthroplasty.

Fig. 2
a) Comparison of pre- vs postoperative arithmetic hip-knee-ankle angle (aHKA) distribution. Mean preoperative aHKA = -0.1° (standard deviation
(SD) 4.0°); mean postoperative aHKA = 0.0° (SD 2.4°).The predefined 2° coronal alignment boundary and 3° joint line obliquity (JLO) boundary
yielded neutral target alignment in 60.0% of knees. However, expanding the coronal alignment boundary to 3° would have resulted in neutral target
alignment in 73.4% of knees. b) Comparison of pre- vs postoperative JLO distribution. Mean preoperative JLO = 174.7° (SD 3.3°); mean postoperative
JLO = 180.5° (SD 2.4°).
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group sizes ≥ 50. Paired-samples t-tests were used to compare
the means between pre- and postoperative alignment results.
Intra- and interobserver agreement of preoperative radiolog-
ical measures were determined using intraclass correlation
coefficients (ICCs) on a subset of 25 patients between two
authors (LEC, SJM), with measurements taken one week apart.

Intra- and interobserver agreement measurements showed
ICCs of 0.98 and 0.99, respectively, indicating high consistency.
Level of statistical significance was set at p < 0.05. Excel v.16
(Microsoft, USA) and SPSS Statistics 29 (IBM, USA) were used
for statistical analyses.

Fig. 3
Constitutional and postoperative knee alignment according to Coronal Plane Alignment of the Knee (CPAK) types.

Table II. Preoperative and postoperative alignment characteristics.

Variable
Mean preop*
MPTA° (SD)

Mean postop†
MPTA° (SD)

Mean preop*
LDFA° (SD)

Mean postop†
LDFA° (SD)

Mean preop*
aHKA° (SD)

Mean postop†
aHKA° (SD)

Mean preop* JLO°
(SD)

Mean postop† JLO°
(SD)

Total 87.3 (2.8) 90.3 (1.6) 87.4 (4.0) 90.3 (1.6) -0.1 (4.0) 0.0 (2.4) 174.7 (3.3) 180.5 (2.4)

aHKA

Varus (n = 222) 84.7 (2.3) 89.7 (1.6) 89.3 (1.9) 91.2 (1.8) -4.6 (2.2) -1.5 (2.3) 174.0 (3.6) 180.9 (2.6)

Neutral (n = 275) 87.5 (1.7) 90.2 (1.5) 87.4 (1.6) 90.2 (1.6) 0.0 (1.1) 0.1 (2.1) 174.9 (3.1) 180.4 (2.4)

Valgus (n = 203) 89.8 (1.8) 90.9 (1.4) 85.2 (1.9) 89.4 (1.7) 4.6 (2.0) 1.5 (2.0) 175.0 (3.1) 180.3 (2.4)

JLO

Apex distal (n =
534) 86.5 (2.6) 90.2 (1.6) 86.8 (2.2) 90.0 (1.8) -0.2 (4.1) 0.1 (2.4) 173.3 (2.4) 180.2 (2.3)

Apex horizontal (n
= 161) 89.5 (1.9) 90.5 (1.6) 89.3 (1.9) 91.1 (1.8) 0.2 (3.6) -0.6 (2.4) 178.9 (1.4) 181.7 (2.5)

Apex proximal (n =
5) 93.3 (2.0) 90.6 (2.1) 91.1 (3.0) 90.0 (1.4) 2.2 (5.0) 0.6 (3.0) 184.4 (1.2) 180.6 (1.9)

CPAK type

I (n = 177) 84.0 (2.0) 89.6 (1.5) 88.7 (1.5) 90.9 (1.8) -4.7 (2.3) -1.3 (2.3) 172.7 (2.7) 180.5 (2.4)

II (n = 204) 86.8 (1.2) 90.2 (1.5) 86.8 (1.2) 89.9 (1.5) 0.0 (1.1) 0.2 (2.0) 173.5 (2.1) 180.1 (2.3)

III (n = 153) 89.2 (1.5) 90.8 (1.4) 84.5 (1.5) 89.1 (1.7) 4.7 (2.0) 1.7 (1.9) 173.7 (2.2) 180.0 (2.4)

IV (n = 44) 87.5 (1.3) 90.2 (1.8) 91.6 (1.3) 92.4 (1.6) -4.2 (2.0) -2.2 (2.3) 179.1 (1.6) 182.5 (2.5)

V (n = 69) 89.4 (0.9) 90.5 (1.5) 89.3 (0.8) 90.9 (1.7) 0.1 (1.0) -0.4 (2.1) 178.7 (1.3) 181.4 (2.4)

VI (n = 48) 91.6 (1.3) 91.0 (1.5) 87.3 (1.0) 90.4 (1.5) 4.3 (1.9) 0.6 (1.9) 178.9 (1.3) 181.3 (2.3)

VII (n = 1) 91.1 (N/A) 87.0 (N/A) 95.3 (N/A) 91.0 (N/A) -4.2 (N/A) -4.0 (N/A) 186.4 (N/A) 178.0 (N/A)

VIII (n = 2) 92.4 (0.5) 91.0 (0.0) 91.7 (0.9) 90.0 (1.4) 0.7 (1.4) 1.0 (1.4) 184.0 (0.4) 181.0 (1.4)

IX (n = 2) 95.3(1.0) 92.0 (0.0) 88.4 (1.4) 89.5 (2.1) 7.0 (2.4) 2.5 (2.1) 183.7 (0.3) 181.5 (2.1)

*Preoperative (radiograph-derived)
†Postoperative (CT-derived)
aHKA, arithmetic hip-knee-ankle angle; CPAK, Coronal Plane Alignment of the Knee; JLO, joint line obliquity; LDFA, lateral distal femoral angle; MPTA, medial
proximal tibial angle; N/A, not applicable; SD, standard deviation.
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Results
Study group
A total of 700 TKAs performed in 643 patients met the
inclusion criteria and were subsequently included in this
analysis (Figure 1). Table I presents the baseline characteristics
of the participants.

Primary outcome
The mean MPTA and LDFA increased by a mean of 3.0° (SD
2.7°) and 2.9° (SD 2.1°) from pre- to postoperative, respectively.
The mean aHKA increased by a mean of 0.1° (SD 3.4°), from
−0.1° (SD 4.0°) preoperatively to 0.0° (SD 2.4°) postoperatively.
The mean JLO increased by a mean of 5.8° (SD 3.5°), from
174.7° (SD 3.3°) preoperatively to 180.5° (SD 2.4°) postopera-
tively. Figure 2 illustrates the aHKA and JLO changes from pre-
to postoperative.

CPAK Type I had the greatest increase in mean aHKA,
from constitutional varus to neutral aHKA alignment (mean
difference (MD) 3.4° (SD 2.8°), p < 0.001, paired t-test), followed
by CPAK Type IV (MD 2.0° (SD 2.3°), p < 0.001, paired t-test),
although the mean postoperative aHKA in this group was still
in varus (-2.2° (SD 2.3°)).

CPAK Types III and VI had the greatest decrease in mean
aHKA, from constitutional valgus to neutral aHKA alignment
(MD −3.0° (SD 2.3°), p < 0.001; and MD −3.7° (SD 2.3°), p <
0.001, respectively). CPAK Types I, II, and III had the greatest
increase in mean JLO (MD 7.8° (SD 2.9°), p < 0.001; MD 6.6° (SD
2.8°), p < 0.001; and MD 6.3° (SD 3.0°), p < 0.001, respectively),
while patients with a constitutionally neutral JLO (CPAK Types
IV, V, and VI) had the least increase in mean JLO (MD 3.5° (SD

2.6°), p < 0.001; MD 2.6° (SD 2.7°), p < 0.001; and MD 2.4° (SD
2.7°), p < 0.001, respectively all paired t-test).

Preoperatively, CPAK Types I to III (apex distal JLO)
were the most common phenotypes, accounting for 25.3%,
29.1%, and 21.9%, respectively. Postoperatively, CPAK Types
IV to VI (apex neutral JLO) were the most common pheno-
types, accounting for 11.7%, 60.0%, and 13.3%, respectively.
Whereas preoperatively only 0.7% had apex proximal JLO, the
proportion of patients with an apex proximal JLO increased
to 11.1% postoperatively. Table II presents the mean pre- and
postoperative alignment parameters. An overview of the pre-
and postoperative distribution of knee phenotypes is shown in
Figure 3.

Secondary outcomes
Among all TKAs, 60.0% (420 knees) were realigned from
their constitutional phenotype into CPAK Type V, which is
the MA target. Another 35.0% (245 knees) were aligned into
a phenotype other than the intended Type V. Only 5% (35
knees) maintained their original CPAK type.

Final neutral coronal alignment was achieved in 64.0%
(142 of 222 knees) of constitutional varus, 80.0% (225 of 275
knees) of constitutional neutral, and 67.5% (137 of 203 knees)
of constitutional valgus aHKA subgroups. Final horizontal JLO
was achieved in 86.1% (460 of 534 knees) of constitutional
apex distal, 80.7% (130 of 161 knees) of constitutional apex
neutral, and 100% (five of five knees) of constitutional apex
proximal JLO subgroups. Table III presents the final alignment
changes per analyzed subgroup, and Figure 4 provides detail
of final phenotype alignments for each constitutional knee
phenotype.
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Fig. 4
Postoperative distribution of knee phenotypes in mechanically aligned (MA) total knee arthroplasty (TKA) for each of the constitutional Coronal Plane
Alignment of the Knee (CPAK) types.
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Discussion
The most important finding from this study is that with a
fixed MA approach, even though the mean constitutional
coronal knee alignment is not altered, the mean joint
line angle is significantly increased. This is consistent with
the MA philosophy of creating neutral coronal resections,
altering the commonly apex distal JLO to neutral,  and
externally rotating the femoral component. These results
highlight for the first time the unintentional changes to
knee phenotypes that often occur with a fixed alignment
approach to TKA surgery, not to mention any accompany-
ing imprecision that may occur.

To  our  knowledge,  this  is  the  first  comprehensive
analysis  of  alterations  to  constitutional  alignment  param-
eters  and knee phenotypes  in  MA TKA.  Previous  stud-
ies  that  focused on clinical  outcomes of  MA TKA found
no difference when comparing postoperative  coronal
alignment  outliers  to  cases  that  achieved neutral  align-
ment.11-16  However,  none of  these  studies  systematically
assessed alignment  changes  based on aHKA,  JLO,  and
CPAK Type.  Without  knowledge of  the  specific  alignment
changes,  drawing conclusions  on any  approach’s  outcomes
becomes  difficult,  if  not  impossible.  Therefore,  accurate
assessment  of  magnitude and direction of  alignment
changes  is  essential  for  a  comprehensive  understanding of
the  effectiveness  of  different  strategies  in  TKA.

Sappey-Marinier et al5 reported that after MA TKA,
only 18% of knees were restored to their CPAK type. This
finding was higher than the 5% we found in our study. In
that study, the authors described that the highest proportion
of restored phenotypes was found for CPAK Type IV knees,5

a result consistent with our findings. Additionally, our study
revealed that CPAK Type IV knees were the least likely to
have to neutral coronal alignment restored, as indicated by
the mean postoperative aHKA of −2.2° (SD 2.3°).

Although restoration of constitutional alignment is not
the aim of MA, when neutral alignment is not achieved, it
is imperative to prevent undesirable alignment changes. Our
results show that a significant portion of patients (35.0%, n
= 245) were moved into a phenotype different than either
the target (CPAK Type V) or their constitutional alignment.
Strikingly, with the MA approach, one in three knees with
constitutional neutral alignment (preoperative CPAK Type V)
were altered away from that to a different CPAK type. This
unintentional alignment change was predominantly caused
by an increase in JLO, resulting in a substantial proportion of
patients (11.1%, n = 78) with a postoperative apex proximal
JLO (CPAK Types VII to IX), which are extremely rare pheno-
types.

Clark et al17 compared the outcomes of functional
alignment with a MA starting plan versus a kinematic
alignment (KA) starting plan. The authors found that a MA

Table III. Alignment changes per constitutional alignment subgroup.

Variable Preop* % (n) Postop† % (n) Aligned to neutral % (n)
Restored to constitutional
alignment % (n)

Changed to other
alignment % (n)

Total 100 (700) 100 (700) 60.0 (420) 5.0 (35) 35.0 (245)

aHKA

Varus 31.7 (222) 14.1 (99) 64.0 (142) 32.0 (71) 4.0 (9)

Neutral 39.3 (275) 71.3 (499) 80.0 (220) N/A 20.0 (55)

Valgus 29.0 (203) 14.6 (102) 67.5 (137) 30.0 (61) 2.5 (5)

JLO

Apex distal 76.3 (534) 3.9 (27) 86.1 (460) 5.1 (27) 8.8 (47)

Apex horizontal 23.0 (161) 85.0 (595) 80.7 (130) N/A 19.3 (31)

Apex proximal 0.7 (5) 11.1 (78) 100 (5) 0 (0) 0 (0)

CPAK type

I 25.3 (177) 0.3 (2) 58.2 (103) 0.6 (1) 41.4 (73)

II 29.1 (204) 3.0 (21) 67.6 (138) 4.9 (10) 27.5 (56)

III 21.9 (153) 0.6 (4) 54.2 (83) 1.3 (2) 44.4 (68)

IV 6.3 (44) 11.7 (82) 36.4 (16) 31.8 (14) 31.8 (14)

V 9.9 (69) 60.0 (420) 66.7 (46) N/A 33.3 (23)

VI 6.9 (48) 13.3 (93) 64.6 (31) 16.7 (8) 18.8 (9)

VII 0.1 (1) 2.1 (15) 0 (0) 0 (0) 100 (1)

VIII 0.3 (2) 8.3 (58) 100 (2) 0 (0) 0 (0)

IX 0.3 (2) 0.7 (5) 50 (1) 0 (0) 50 (1)

*Preoperative (radiograph-derived)
†Postoperative (CT-derived)
aHKA, arithmetic hip-knee-ankle angle; CPAK, Coronal Plane Alignment of the Knee; JLO, joint line obliquity.
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plan increased the JLO but did not significantly alter coronal
alignment. They also reported that changing JLO in CPAK Type
I phenotypes negatively affects clinical outcomes in TKA.17

These results suggest that alignment alteration with MA, or
more specifically JLO change, could negatively affect the
outcomes of MA TKA surgery. Our radiological findings align
with these results, as we observed that the primary contribu-
ting factor to alignment change was an increase in JLO. We
also found an increase in the rare constitutional CPAK Types VII
to IX, from 0.7% preoperatively, which is consistent with the
literature,4,18,19 to 11.1% postoperatively. As these phenotypes
are not yet fully understood, surgeons should be mindful to
avoid an excessive increase in JLO that may risk potential
complications or inferior outcomes.

Our study used the CPAK classification to catego-
rize pre- and postoperative alignment change.4 The use of
different coronal alignment boundaries in other studies (3°
vs 2°) explains the higher proportion of patients considered
neutral after MA TKA.20-24 Future research should investigate
how these differences in boundaries affect MA outcomes.

This  study  has  inherent  limitations.  First,  its
retrospective  nature  without  a  control  group limits  the
generalizability  of  the  findings.  Second,  different  radi-
ological  methods  were  used preoperatively  (long-leg
radiographs)  versus  postoperatively  (CT  scans).  However,
postoperative  CT  scans  improved accuracy  of  the
final  alignment  measurements,25  which  was  our  primary
objective.  Third,  the  group sizes  for  knees  with  apex
proximal  JLO (CPAK Types  VII  to  IX)  and the  individual
CPAK type numbers  were  small,  and though this  relative
distribution is  consistent  with  findings  in  the  literature,4,18,19

cautious  interpretation  of  subgroup  analyses  is  warranted.
Finally,  racial  differences  were  not  accounted for  in  this
study,  though this  important  variable  has  been shown
to affect  alignment,26  and should  be  included in  future
investigations.

Prior research on MA TKA has focused on the precision
of the technique itself, that is, how reproducible the align-
ment methods were at achieving neutral coronal alignment.2,3

However, in the era of personalized TKA surgery, no stud-
ies have delved into how constitutional knee alignment is
altered with a fixed mechanical alignment target considering
both coronal alignment and JLO. Future studies on alignment
strategies should incorporate postoperative phenotypes to
improve outcomes reporting. The CPAK classification is an easy
and reproducible method that can be used for this.

The clinical and biomechanical impact of constitutional
alignment alteration requires further research, and should
include imprecisions that may unintentionally change patients
into rare apex proximal joint line phenotypes. While not the
remit of this paper, it is notable that there was a more than
two-fold increase in the proportion of patients ending up
with an apex proximal JLO when comparing manual surgery
(12.2%) to computer-assisted surgery (5.0%); this suggests
that a significant portion of alignment alterations may stem
from instrument imprecision. This premise is consistent with
existing evidence supporting the precision of computer-assis-
ted surgery to mitigate the risk of surgical outliers.2,3

In conclusion, a fixed MA target in TKA results in
substantial changes to a patient’s constitutional alignment,
with a significant increase in JLO and shift in CPAK type. These

findings enhance our understanding of alignment alterations
that occur from both unintended changes to knee phenotype
parameters and surgical resection imprecision in MA TKA.

References
1. MacDessi SJ, Oussedik S, Abdel MP, Victor J, Pagnano MW, Haddad

FS. The language of knee alignment: updated definitions and
considerations for reporting outcomes in total knee arthroplasty. Bone
Joint J. 2023;105-B(2):101.

2. Hetaimish BM, Khan MM, Simunovic N, Al-Harbi HH, Bhandari M,
Zalzal PK. Meta-analysis of navigation vs conventional total knee
arthroplasty. J Arthroplasty. 2012;27(6):1177–1182.

3. Maniar RN, Johorey AC, Pujary CT, Yadava AN. Margin of error in
alignment: a study undertaken when converting from conventional to
computer-assisted total knee arthroplasty. J Arthroplasty. 2011;26(1):82–
87.

4. MacDessi SJ, Griffiths-Jones W, Harris IA, Bellemans J, Chen DB.
Coronal Plane Alignment of the Knee (CPAK) Classification. Bone Joint J. 
2021;103-B(2):329–337.

5. Sappey-Marinier E, Batailler C, Swan J, et al. Mechanical alignment for
primary TKA may change both knee phenotype and joint line obliquity
without influencing clinical outcomes: a study comparing restored and
unrestored joint line obliquity. Knee Surg Sports Traumatol Arthrosc. 
2022;30(8):2806–2814.

6. Popescu R, Haritinian EG, Cristea S. Methods of intra- and post-
operative determination of the position of the tibial component during
total knee replacement. Int Orthop. 2020;44(1):119–128.

7. Paley D, Pfeil J. Principles of deformity correction around the knee.
Orthopade. 2000;29(1):18–38.

8. Chauhan SK, Clark GW, Scott RG, Lloyd S, Sikorski JM. The Perth CT
protocol for total knee arthroplasty. Orthop Procs. 2008;90-B(SUPP_I):7.

9. Solayar  GN,  Chinappa  J,  Harris  IA,  Chen  DB,  Macdessi  SJ.  A
comparison  of  plain  radiography  with  computer  tomography  in
determining  coronal  and  sagittal  alignments  following  total  knee
arthroplasty.  Malays  Orthop  J.  2017;11(2):45–52.

10. Jones LC, Wood JA, MacDessi SJ. Interobserver agreement of post-
operative Perth computed tomography protocol data in total knee
arthroplasty. Cureus. 2023;15(1):e34349.

11. Bonner TJ, Eardley WGP, Patterson P, Gregg PJ. The effect of post-
operative mechanical axis alignment on the survival of primary total
knee replacements after a follow-up of 15 years. J Bone Joint Surg Br. 
2011;93-B(9):1217–1222.

12. Magnussen RA, Weppe F, Demey G, Servien E, Lustig S. Residual
varus alignment does not compromise results of TKAs in patients with
preoperative varus. Clin Orthop Relat Res. 2011;469(12):3443–3450.

13. Matziolis G, Adam J, Perka C. Varus malalignment has no influence on
clinical outcome in midterm follow-up after total knee replacement.
Arch Orthop Trauma Surg. 2010;130(12):1487–1491.

14. Parratte S, Pagnano MW, Trousdale RT, Berry DJ. Effect of postopera‐
tive mechanical axis alignment on the fifteen-year survival of modern,
cemented total knee replacements. J Bone Joint Surg Am. 2010;92-A(12):
2143–2149.

15. Schelker BL, Nowakowski AM, Hirschmann MT. What is the “safe
zone” for transition of coronal alignment from systematic to a more
personalised one in total knee arthroplasty? A systematic review. Knee
Surg Sports Traumatol Arthrosc. 2022;30(2):419–427.

16. Vanlommel L, Vanlommel J, Claes S, Bellemans J. Slight undercorrec‐
tion following total knee arthroplasty results in superior clinical
outcomes in varus knees. Knee Surg Sports Traumatol Arthrosc. 
2013;21(10):2325–2330.

17. Clark GW, Steer RA, Khan RN, Collopy DM, Wood D. Maintaining joint
line obliquity optimizes outcomes of functional alignment in total knee
arthroplasty in patients with constitutionally varus knees. J Arthroplasty. 
2023;38(7 Suppl 2):S239–S244.

18. Pagan  CA,  Karasavvidis  T,  Lebrun  DG,  Jang  SJ,  MacDessi  SJ,
Vigdorchik  JM.  Geographic  variation  in  knee  phenotypes  based
on  the  Coronal  Plane  Alignment  of  the  Knee  Classification:  A
systematic  review.  J  Arthroplasty.  2023;38(9):1892–1899.

19. Steele JR, Jang SJ, Brilliant ZR, et al. Deep learning phenotype
automation and cohort analyses of 1,946 knees using the Coronal Plane

How often do we alter constitutional limb alignment, JLO, and CPAK phenotype when performing mechanically aligned TKA?
L. E. Corban, V. A. van de Graaf, D. B. Chen, J. A. Wood, A. D. Diwan, S. J. MacDessi

115



Alignment of the Knee Classification. J Arthroplasty. 2023;38(6S):S215–
S221.

20. Collier MB, Engh CA, McAuley JP, Engh GA. Factors associated with
the loss of thickness of polyethylene tibial bearings after knee
arthroplasty. J Bone Joint Surg Am. 2007;89-A(6):1306–1314.

21. D’Lima DD, Hermida JC, Chen PC, Colwell CW. Polyethylene wear and
variations in knee kinematics. Clin Orthop Relat Res. 2001;392(392):124–
130.

22. Green GV, Berend KR, Berend ME, Glisson RR, Vail TP. The effects of
varus tibial alignment on proximal tibial surface strain in total knee
arthroplasty: the posteromedial hot spot. J Arthroplasty. 2002;17(8):
1033–1039.

23. Lording T, Lustig S, Neyret P. Coronal alignment after total knee
arthroplasty. EFORT Open Rev. 2016;1(1):12–17.

24. Werner FW, Ayers DC, Maletsky LP, Rullkoetter PJ. The effect of
valgus/varus malalignment on load distribution in total knee replace‐
ments. J Biomech. 2005;38(2):349–355.

25. Tarassoli P, Corban LE, Wood JA, Sergis A, Chen DB, MacDessi SJ.
Long leg radiographs underestimate the degree of constitutional varus
limb alignment and joint line obliquity in comparison with computed
tomography: a radiographic study. Knee Surg Sports Traumatol Arthrosc. 
2023;31(11):4755–4765.

26. Song M-H, Yoo S-H, Kang S-W, Kim Y-J, Park G-T, Pyeun Y-S. Coronal
alignment of the lower limb and the incidence of constitutional varus
knee in Korean females. Knee Surg Relat Res. 2015;27(1):49–55.

Author information
L. E. Corban, BMedSc, BSc(Hons), Research Assistant
V. A. van de Graaf, MSc, MD, PhD, Clinical and Research Fellow
J. A. Wood, MSN, Clinical Research Manager
Sydney Knee Specialists, Sydney, Australia.

D. B. Chen, MBBS (Hons), FRACS(Orth), FAOrthA, Orthopaedic
Surgeon, Sydney Knee Specialists, Sydney, Australia; CPAK
Research Group, Sydney, Australia.

A. D. Diwan, MBBS, MS, DNB, PhD, FRACS, FAOrthA, Director,
Spine Service; Senior Lecturer and Postgraduate Coordinator;
Orthopaedic Surgeon, University of NSW, Medicine and Health,
St George and Sutherland Campus, St George Hospital Clinical
School, Sydney, Australia.

S. J. MacDessi, MBBS (Hons), FRACS, FAOrthA, PhD, Director of
Research and Training, Orthopaedic Surgeon, Associate Professor,
Chairman of Orthopaedics, Sydney Knee Specialists, Sydney,
Australia; CPAK Research Group, Sydney, Australia; University of
NSW, Medicine and Health, St George and Sutherland Campus,
St George Hospital Clinical School, Sydney, Australia; St George
Private Hospital, Kogarah, Australia.

Author contributions
L. E. Corban: Conceptualization, Methodology, Investigation,
Formal analysis, Writing – original draft, Writing – review &
editing.
V. A. van de Graaf: Conceptualization, Methodology, Formal
analysis, Writing – original draft, Writing – review & editing.
D. B. Chen: Conceptualization, Investigation, Writing – review &
editing.
J. A. Wood: Conceptualization, Data curation, Project
administration, Validation, Visualization, Writing – review &
editing.
A. D. Diwan: Supervision, Validation, Writing – review & editing.
S. J. MacDessi: Conceptualization, Formal analysis, Investigation,
Methodology, Supervision, Validation, Writing – original draft,
Writing – review & editing.

Funding statement
The authors received no financial or material support for the
research, authorship, and/or publication of this article. This
research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

ICMJE COI statement
S. J. MacDessi and D. B. Chen report receiving research support
(Stryker – research fellowship funding, Ramsay Hospital Research
Fund – support for an unrelated study); reimbursement for
presentations (Stryker, Smith & Nephew) and paid consultations
(Stryker, Amplitude SAS). Spine Service is supported by
unrestricted research grants from Nuvasive and Baxter to the
Institution. A. D. Diwan acts as an educational consultant to 3M
and Nuvasive receiving direct payments for providing service.
He and his family may receive royalties for patents. None of the
conflicts of interest are in relation to the current manuscript.

Data sharing
The data that support the findings for this study are available
to other researchers from the corresponding author upon
reasonable request.

Acknowledgements
We wish to thank Fatima Khanafer and Emma Wheatley for
performing postoperative CT radiological analyses.

Ethical review statement
Ethics approval was provided by Hunter New England Local
Health District (#EX202011-01). Informed consent was obtained
from all participants included in the study.

Open access funding
The open access fee for this article was self-funded.

Twitter
Follow S. J. MacDessi @SamuelMacdessi

© 2024 MacDessi et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution Non-
Commercial No Derivatives (CC BY-NC-ND 4.0) licence, which
permits the copying and redistribution of the work only, and
provided the original author and source are credited. See https://
creativecommons.org/licenses/by-nc-nd/4.0/

116 Bone & Joint Open  Volume 5, No. 2  February 2024

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	How often do we alter constitutional limb alignment, joint line obliquity, and Coronal Plane Alignment of the Knee (CPAK) phenotype when performing mechanically aligned TKA?
	Introduction
	Methods
	Study group
	Surgical technique – mechanical alignment
	Recorded measurements
	Outcomes
	Statistical analysis

	Results
	Study group
	Primary outcome
	Secondary outcomes

	Discussion


