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Abstract

Background
The discrepancy of bone resections between the medial and the lateral compartment is very common in
total knee replacement (TKA) when mechanical alignment (MA) is used. The purpose of this study was to
explore whether or how the joint line orientation affects the gross amount of bone resection in
mechanically aligned TKA.

Methods
A total of 112 patients (137 knees) diagnosed with osteoarthritis (OA) were included. Simulated bone
cuttings were conducted on the coronal view using full-length weight bearing radiographs according to
the technical requirement of MA, and the feasibility of simulated osteotomy was verified by intraoperative
calipered measurement. Correlation and regression analyses were conducted between the amounts of
bone resection and various parameters, including hip-knee-ankle (HKA) angle, mechanical lateral distal
femoral angle (mLDFA), joint line congruency angle (JLCA), and medial proximal tibial angle (MPTA).
Moreover, any intraoperative bone resection adjustments if existed, were retrospectively collected using
medical records query system.

Results
All knees in current case series can be artificially divided into 4 subgroups: 84 varus knees (61.3%) with
valgus femur in subgroup 1, 32 varus knees (23.4%) with varus femur in subgroup 2. 14 valgus knees
(10.2%) with varus tibia in subgroup 3, 7 valgus knees (5.1%) with valgus tibia in subgroup 4. The
amount of simulated bone resection had high consistency with the intraoperative measurement. MPTA
and mLDFA had a positive correlation with the bone resection amount in subgroup 1. The regression
equation was Bone resection (mm) = 0.556*mLDFA (deg.) + 0.098*MPTA (deg.) -39.74, R2 = 0.808.
Similarly, the intraoperative bone cutting adjustments also showed a certain relationship with mLDFA in
subgroup 1.

Conclusions
Deformities of knee OA can be divided into 4 subgroups based on the alignment of extremities and the
joint line orientations. When a TKA is performed in varus knee with valgus femur using conventional
instrument and mechanical alignment technique, the amount of bone resection on coronal plane is
linearly related to the patient’s mLDFA.

Background
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Restoration of knee neutral mechanical axis is considered as the alignment target in a total knee
arthroplasty (TKA) when mechanical alignment technique is applied. The postoperative neutral alignment
of lower extremity within a deviation of 3° had been proved to distribute the contact forces evenly, so as
to improve the long-term survivorship of implants (1–4). Both of femoral and tibial components should
be implanted perpendicular to the mechanical axis of low extremities (1, 5).

According to the published literatures and our clinical experiences, when patients with knee osteoarthritis
(OA) receiving TKA, the resection thicknesses of the medial and lateral condyles of the distal femur are
significantly different (6, 7), Similarly, the resection thicknesses of the medial and lateral tibial plateau are
different as well (8). As a consequence, the extension gap (EG) could differ significantly between medial
and lateral compartments, even the overall EG may become narrower or wider which is the reason why
the cutting blocks, either distal femoral or tibial ones, generally provide at least +/- 2 mm parallel pin
holes for resection level adjustment in nearly all conventional TKA instruments. The imbalanced medial
or lateral EG could be corrected by osteophytes removal or ligaments release, as well as sometimes a
relatively narrower EG need additional distal femur recut to accommodate the implants. While a wider EG
indicates undesirable bone loss, a thicker polyethylene insert or distal femoral augments might be
mandatory to achieve extension stability and appropriate joint line level.

As mentioned above, EG has a high variability in actual surgical operations, especially in cases of using
conventional instruments. Sometimes uneven EG is iatrogenic consequence from accidental mishandling
of surgeons. The natural knee joint line inclination, however, might play an important role in such clinical
scenarios. The hypothesis of current study is that the joint line inclination could affect the thickness of
the primary bone resection in TKA. Various parameters of joint line orientation of OA knees were
measured on anteroposterior full-length weight bearing roentgenograms. Bone cut simulations were
performed to evaluate the gross bone loss in the EG. The relationship between various measurement
parameters and supposed EG space were investigated to evaluate the effects of the joint line inclination
on EG in TKA.

Patients And Methods
Patients

Between July 2017 and July 2019, a total of consecutive 112 patients (patient demographics are shown
in Table 1) diagnosed with OA receiving primary TKAs (137 knees) in our hospital were included in current
study. The inclusion criteria are Grade III-IV Kellgren-Lawrence knee OA patients, with their full-length
weight bearing radiograph of both lower extremities were obtained in which the projection of patella
centered between the femoral condyles. The exclusion criteria included fixed subluxation or dislocation of
the patella, congenital lower extremity deformity, history of injury or operation around knee joint,
significant corrosion of subchondral bone or significant deformities compared with contralateral knee,
>10 degrees of flexion contracture, and inflammatory arthritis.

Roentgenographic measurements and bone cut simulation
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Acquisition of standard full-length weight bearing radiograph. In frontal plane, AP view, the full-length
weight bearing radiographs were obtained under following conditions: Definium 8000 digital radiographic
system (GE, MA, USA) with 1.8 meters of exposure distance, 80Kv of voltage, 400mA of electric current
and auto exposure mode was used in this study. Patients usually were instructed to stand with the feet
together and patella faced forward. In case of tibial torsion, rotate the foot to orient the patella forward.
Hip, knee and ankle joints were exposed separately, and full-leg weight bearing radiographs were
automatically spliced and synthesized by the system.

Determination of anatomical landmarks and joint line parameters. Picture archiving and communication
systems (PACS) were used for radiological measurements in this study. The determination of anatomical
landmarks and various joint orientation angles referred to the method described by Paley et al(9). The
center of femoral head was identified using Mose circles approach. The center of distal femur, tibial
plateau and ankle joint were defined using the top of the femoral notch, the center of the tibial spines and
the mid-width of the talus, respectively. The mechanical axis of femur and tibia were subsequently
determined by connecting the above anatomical points. The distal femoral joint line was defined as the
line tangential to medial and lateral femoral condyles, the proximal tibial joint line was similarly defined
as the line tangential to the concave aspect of the tibial plateau subchondral line.

Measurement of joint orientation parameters. Hip-knee-ankle (HKA) angle was defined as the angle
between the femoral and tibial mechanical axes. HKA angle is defined as a negative value in varus knee,
whereas positive value in valgus knee. Mechanical lateral distal femoral angle (mLDFA) was defined as
the lateral angle formed by the femoral mechanical axis and the distal femoral joint line. Joint line
congruency angle (JLCA) was defined as the angle formed by distal femoral joint line and proximal tibial
joint line. Medial convergence of JLCA was defined as a negative value, and a lateral JLCA was defined
as a positive value. The medial proximal tibial angle (MPTA) was defined as the medial angle between
the mechanical tibial axis and the proximal tibial joint line.

Measurement of bone cut simulation in frontal plane. The bone cut simulation was carried out at the
request of the mechanical alignment (MA) technique using PACS. On the femoral side, a line (Line A) that
both tangential to the most distal femur (either medial condyle or lateral condyle) and perpendicular to
femoral mechanical axis was set. Then, another line (Line B) parallel to Line A and 9mm proximal to Line
A was set. Finally, the distance from Line B to the most distal part of medial and lateral femoral condyles
were measured and recorded as medial femoral resection thickness and lateral femoral resection
thickness, respectively (Fig. 1a). On the tibial side, a line (Line C) that both tangential to the most
prominent articular surface (either medial or lateral plateau) and perpendicular to tibial mechanical axis
was set. Similarly, another line (Line D) parallel to Line C and 10mm distal to Line C was set. The distance
from Line D to the two points on the medial and lateral concave aspect of the tibial plateau were
measured as medial tibial resection thickness and lateral tibial resection thickness, respectively (Fig. 1b).

Estimate of total bone resection. The medial resection thickness was calculated as the sum of medial
femoral resection thickness and medial tibial resection thickness. So was the lateral resection thickness.
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Regardless of the medial or lateral resection thickness, only the larger data (defined as “Max. resection” in
the following text) enter the following calculation. Such algorithm is obligated under MA technique. In
clinical scenario, in order to ensure the postoperative lower extremity alignment, distal femoral resection
and proximal tibial resection must be perpendicular to the individual mechanical axis. As a result, a
discrepancy between medial and lateral resection amount is very common. In case of the EG on one side
is too narrow due to less bone is resected, ligament release is usually mandatory to achieve EG balance,
rather than an extra parallel resection.

Surgical procedure and intraoperative verification

Operations were performed by two senior attending surgeons (ZW, LW). Gemini MK-II prostheses (Link,
Hamburger, Germany) were used in this study, of which 131 were cruciate-retaining type and 6 were
posterior stabilized type, and conventional instruments were used.  The distal femoral resection was
conducted perpendicular to the femoral mechanical axis (10), after the valgus resection angle was set
accordingly, 9mm of resection thickness was determined by the most prominent femoral condyle. Tibial
resection was conducted perpendicular to the tibial mechanical axis, the resection level is estimated
using the stylus, 10mm from a less worn plateau or the most prominent side of lateral plateau. The EG
was subsequently preliminary estimated. Measured resection technique were used in current study. When
the bone preparation was completed, necessary ligament balancing were performed before the
components were cemented.

Because this study is retrospective, we only collected the intraoperative resection data of the 10 patients
finally included in this study for the verification of the accuracy of bone cut simulation. The resected bone
pieces from distal femoral condyles and proximal tibia were calipered and recorded to compare with the
preoperative radiographic measurement data（Fig.2 a, b）. The magnification of radiograph is 1.05.

Collection of actually resection data retrospectively

The original medical records of all included patients were retrospectively investigated. The patient's
surgical records were reviewed: whether the patient received extra cut in distal femur or proximal tibia,
whether a thicker liner was used, and whether an augment was used or applying thicker bone cement
beneath the femoral component to balance the flexion-extension gap were collected for further analysis.

Statistical analysis

The data were summarized using means (SD) or medians. The normal distributions were tested by the
Shapiro–Wilk test. Correlation analysis was used to investigate the relationship between Max. resection
amount and various joint orientation parameters. A linear regression analysis was conducted to detect
predictive factors for bone cut amount in extension. A reliability analysis using intraclass correlation
coefficient (ICC) was conducted for intraoperative resection verification. All statistical tests were
performed using SPSS statistical software (version 22; SPSS, Inc., Chicago, IL, USA). P value of <0.05
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was considered statistically significant. All plots in this study were generated using R (4.0.0, R Core Team
(2020), Vienna, Austria) and package ggplot2 (3.2.1, Wickham (2020), New York, US).

Results
Patients’ demographics and various joint orientation parameters are shown in Table 1. Among the 137
knees included in this study, interestingly, the MPTAs in all varus knees are less than 90 degrees, and the
mLDFAs in all valgus knees are less than 90 degrees. This finding could be understood as following:
when MA technique was used in TKA for bone preparation, lateral tibial plateau resections are always
thicker than medial ones in varus knees, while the resection thicknesses of medial femoral condyles are
always greater than the ones of lateral condyles in valgus knees.

Varus knees can be divided into 2 subgroups based on the values of mLDFA: Subgroup 1, varus knee with
mLDFA < 90°; and subgroup 2, varus knee with mLDFA > 90°. In the same way, valgus knee can be divided
into 2 subgroup based on the values of MPTA: subgroup 3, valgus knee with MPTA < 90°, and subgroup 4,
valgus knee with MPTA > 90° (Table 1) (Fig. 3). Before further analysis, the reason for the above grouping
is that in subgroup 2, the resection level of distal femur and tibial plateau refer to the lateral femoral
condyle and lateral tibial plateau, respectively. After the resection, the lateral compartment has been
acquired enough space to accommodate the components, and the medial compartment is usually
narrower than the lateral compartment. Next, osteophyte removal and extensive soft tissue release are
required to achieve EG balance. In subgroup 4, on the contrary, extensive lateral soft tissue release often
needs to achieve EG balance after primary bone cut. Therefore, the data of subgroup 2 and subgroup 4
were not involved in the subsequent analysis because the Max. resection in both groups is constant.
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Table 1
Patients’ demographics and radiographic joint line

parameters
Number of patients 112

Gender(male/female) 25/87

Age(years old, mean ± SD) 68.7 ± 8.5

Number of knees 137

Side(left/right) 67/70

Deformity(varus/valgus) 116/21

HKA(degree, mean ± SD) -5.6 ± 6.2

mLDFA(degree, mean ± SD) 88.1 ± 2.9

JLCA(degree, mean ± SD) -3.6 ± 3.1

MPTA(degree, mean ± SD) 86.1 ± 2.4

Subgroup 1 (varus knee, mLDFA < 90°) 84(61.3%)

Subgroup 2 (varus knee, mLDFA > 90°) 32(23.4%)

Subgroup 3 (valgus knee, MPTA < 90°) 14(10.2%)

Subgroup 4 (valgus knee, MPTA > 90°) 7(5.1%)

Radiographic measurement data of subgroup 1 and subgroup 3 were included for subsequent analysis.
Key parameters, including HKA, mLDFA, JLCA, MTPA, and Max. resection, were tested for normality. The
results showed that only mLDFA and Max. resection data in subgroup 1 conformed to the normal
distribution, with p = 0.003 and p = 0.004, respectively.

With respect to the relationship of the resection amount and various joint orientation parameters,
Spearman’s correlation was conducted. The results showed that mLDFA and MPTA had a positive
correlation with the Max. resection amount in subgroup 1, with correlation coefficient of 0.931 and 0.304,
with significance of < 0.001 and 0.005, respectively. Linear regression was subsequently conducted using
mLDFA and MPTA to investigate which parameter had better predictive capacity. The regression equation
was derived as follows: y = 0.556x1 + 0.098x2-39.74, where y represents Max. resection, x1 and x2

represent mLDFA and MPTA, respectively, R2 = 0.808 (Fig. 4). On the other hand, Spearman’s correlation
showed that only MPTA have a weak positive correlation with the Max resection in subgroup 3, with
correlation coefficient of 0.009. The regression equation is y = 0.415x-19.493, R2 = 0.617 (Fig. 5).

With respect to the intraoperative verification of the bone cut simulation, a reliability analysis was
conducted. The intraclass correlation coefficient was 0.984, with 95% confidence interval from 0.969 to
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0.991, and p < 0.001 in F test. Statistical analysis showed that the simulated bone resection in PACS had
high consistency with the intraoperative measurement.

Retrospective surgical records showed that 70.8% of patients did not receive further adjustments (0) after
the primary bone resection, while other patients received various intraoperative adjustments, including
2 mm of extra tibial cut (+ 2t), 2 mm of extra distal femoral cut (+ 2f), and both (+ 4), a 2 mm thicker liner
(-2t), and very rarely, about 2 mm additional cement was applied between the distal femur and the
component to deal with relatively wider EG (-2f). (Table 2.). No other types of adjustments were found in
the review of the surgical records of current case series.

Table 2
Intraoperative adjustment of primary bone cut in different subgroups of patients

  -2f -2t 0 + 2f + 2t + 4

Subgroup1 0 1 59 6 14 4

Subgroup2 0 4 24 1 1 2

Subgroup3 0 1 10 2 1 0

Subgroup4 2 0 4 0 1 0

Total(n, %) 2(1.5%) 6(4.4%) 97(70.8%) 9(6.6%) 17(12.4%) 6(4.4%)

In order to investigate whether there was a certain correlation between intraoperative adjustment of
primary resection and joint line orientation, grouped scatter plots are generated using surgical records’
data from subgroup 1 and subgroup 3. In subgroup 1, mLDFA is used as an independent variable
because of its greater weight (Fig. 6a), while in group 3, MPTA was used as an independent variable
(Fig. 6b). In the cases of varus knee with mLDFA < 90°, as mLDFA decreases, the chances of bone recut
will increase. No matter where the extra bone cut occurred, from femoral side or tibial side. Conversely, as
mLDFA approaches 90°, the chances of using thicker liners slightly increase. On the other hand, in the
case of valgus knee with MPTA < 90°, although MPTA and intraoperative adjustment of resection
presents similar trends, this relationship is less persuasive because of fewer cases.

Discussion
In contrast with patients who receive primary total hip arthroplasty, approximately 20% of those who
receive TKA are not satisfied with their outcomes (11, 12). Although its underlying reason is not clear,
alignment technique of TKA is beginning to be considered to be related to the patient's postoperative
outcomes and dissatisfaction (13, 14). With the application of more accurate alignment assistant
instruments, the conventional MA technique has begun to be challenged in recent years (7, 15, 16),
because MA cannot fully respect the patient's natural alignment of lower extremities and joint line
orientation, and a significant variation in overall coronal limb alignment and in femoral and tibial joint
lines had been proved to exist in osteoarthritic knees(17).
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The safety and reliability of MA technique has been proved for decades (1, 18), so it is considered to be
the “gold standard” for TKA (19, 20). This opinion is particularly important for developing countries.
Taking China for example,because more accurate alignment-assistant instruments, such as navigation,
patient-specific instrumentation (PSI) or robot assistant technology, can only be available in few
hospitals(21, 22). In order to reduce the disastrous consequences caused by poor alignment after TKA, a
more feasible and more reliable alignment method should be addressed when using conventional
instruments for TKA. Therefore, the goal of this study was to investigate the correlation between the
orientation of the joint line and the quantities of bone resection in TKA when MA and conventional
instrument were used.

With respect to the classic MA philosophy, the distal femoral and proximal tibial resection should be
perpendicular to the mechanical axis of femur and tibia, respectively. The resection thickness should be
equal to corresponding components thickness to guarantee proper soft tissue tension in full range of
motion without extra soft tissue release(23, 24). In most of patients, however, neither femoral condyles
nor tibial plateau are perpendicular to the mechanical axis. As a consequence, the resection thicknesses
of femoral condyles were not always the same, so was the tibial plateau(25).

In the femoral bone preparation, when a conventional instrument was used, a valgus alignment jig,
together with an intramedullary rod, was usually applied to determine the orientation of the distal femoral
cut. Theoretically, the distal femoral resection thickness was determined by adjustable jig, but actual
resection thickness of each condyle was determined by which condyle contact with the jig first. In most of
cases, the medial part of jig contacted the articular surface first, as a consequence, the resection depth of
medial femoral condyle was usually equal to the desired thickness, while the resection thickness of
lateral femoral condyle was usually less than that of medial condyle. On the other side, the resection
thickness of medial tibial plateau was usually less than that of lateral plateau, especially in most of knee
joint arthrosis with neutral or varus alignment. So, the amount of bone removed generally is less than that
to be replaced by the components.

Although the discrepancy of medial and lateral EG could be corrected by osteophyte removal or ligament
release, a gross narrower or wider EG would be caused by too little or too much bone removal. The reason
for above clinical scenario is the combination of MA operative principles, surgeon’s individual error and
high variability of joint line orientation.

In one study (26), Hirschmann et al. have combined the individual HKA, femoral mechanical angle
(supplementary angle of mLDFA) and tibial mechanical angle (same as MPTA) to divide the knee joint
into a group of “functional knee phenotypes”. The phenotypes were matched with the target of different
TKA alignment techniques, and it was found that only 5.6% of the males and 3.6% of the females met the
MA alignment target. In another study (27), Lin et al. investigated relative parameters of the lower limb
alignment in relation to each other in a young non-osteoarthritic population, and all subjects were
categorized on the basis of HKA, mLDFA and MPTA. In Lin’s study, all subjects could be classified into
one of five types of alignment: 2 types of neutral alignment, 2 types of varus alignment and 1 type of
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valgus alignment. The coronal neutral alignment in Hirschmann’s study and Lin’s study were defined as
“-1.5°<HKA < 11.5°” and “-3°<HKA < 3°”, respectively, rather than HKA = 0°.

For the convenience of the evaluation of the correlation between the joint line orientation and the amount
of bone resection in extension when MA technique was used, and in order to make the correlation more
practicable in clinical situation, all subjects included in our study were patients diagnosed with knee OA,
and all patients were divided into valgus knee group and varus knee group based on whether HKA is
greater than 0° or not. During the measurement of the alignment parameters, all varus knees were found
to have MPTA less than 90°, and all valgus knees had mLDFA less than 90°. This finding is consistent
with previous published literatures, the major contributors to valgus knee and varus knee are valgus of
the distal femur(28) and varus of the proximal tibia(7), respectively.

In our case series, patients in varus knee group were divided into 2 subgroups based on if individual
mLDFA is less than 90° or not, while valgus knees were similarly divided with reference to MPTA. Usually,
the coronal deformities in subgroup 2 and subgroup 4 are more serious than ones in other two
subgroups, because both the femoral and the tibial bony variations contribute to the coronal deformity.
Lateral bowing of femoral shaft may be an important reason leading to the relatively greater mLDFA in
subgroup 2(29, 30). According to the MA technique requirement, bone resection should be perpendicular
to the femoral and tibial mechanical axis. Therefore, when determining the level of bone resection, lateral
condyle and lateral tibial plateau should be used as a reference in varus knees in subgroup 2. As a
consequence, appropriate gap could be easily achieved in the lateral compartment, but extensive
ligament release was inevitable in the medial compartment, because of the less bone removal and
intrinsically tight medial collateral ligament (31). A similar situation would occur in valgus knees in
subgroup 4, in which the bone resection levels are determined by medial condyle and medial tibial
plateau. Extensive soft tissue release or even constrained prostheses would be used for achieving
acceptable mediolateral balance. Hence, only the data of simulated resection in subgroup 1 and
subgroup 3 were used for further analysis.

As far as we know, no study focusing on the relationship between the joint line orientation and the
amount of bone resection has been performed before. One study found a significant correlation between
leg axis and the optimal tibial resection thickness, and the optimal resection thickness in valgus knees
were significantly less than that in neutral or varus knees, but no joint line orientation parameters was
investigated (8). Inconsistent with the results of the above study, the amount of bone resection was not
related to HKA in current study. The reason for this inconsistent result may be due to the fact that only
joint line orientation parameters and simulated resection data of subgroup 1 and subgroup 3 were
included for correlation analysis.

Patients in subgroup 1 have varus knees with valgus femurs, and account for the majority of all included
patients (61.3%). Correlation analysis showed that both MPTA and mLDFA are positively related to the
amount of bone resection. The subsequent regression analysis results showed that mLDFA rather than
MPTA can have a significant effect on the amount of bone resection, with regression coefficient of 0.556
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and 0.098, respectively. This was truly an unexpected finding. The interpretation of the results of
regression analysis showed that for every 2° increase in mLDFA, the bone cut amount will increase by
about 1 mm. Given joint line inclination of 3° of varus as average value, when mLDFA is approaching 90°,
the EG will increase by 1.5 mm, and when mLDFA is 85°, the EG will decrease by 1.5 mm. For MPTA,
although there is a certain degree of correlation with bone resection quantity, its impact is so weak that
can even be ignored.

Patients in subgroup 3 have valgus knees with varus tibia, and account for the majority of the valgus
knees. Only MPTA had been proven to be related with the bone resection amount. In contrast with mLDFA
in subgroup 1, MPTA has a weaker influence on the bone resection, both the regression coefficient and R2

are smaller than mLDFA in subgroup 1. The small number of patients in subgroup 3 might be part of the
reason.

The effectiveness of simulated bone cut has been verified by intraoperative calipered bone resection in
this study. The retrospective medical records queries did show that the actual bone resection adjustment
during surgery had a certain correlation with the corresponding joint line parameters. Although data
visualization can show us some useful information, we also found that not all bone resection
adjustments occurred in subgroup 1 and subgroup3, this phenomenon presented that the operation error
still has a significant impact on the accuracy of bone resection.

Our study has several limitations. First, a small number of patients were included in our study. And there
may be some selection bias as we excluded some patients due to rotation of lower extremities in full-
length weight bearing radiogram (32). In addition, because of the limited sample size, it may be that not
all patients diagnosed with knee OA could be classified into 4 subgroups. One study reported that a
valgus knee with mLDFA as large as 92° (33). Secondly, some special type of extra-articular deformities,
such as tibial or femoral shaft bowing with the progression of knee OA, were not used as alignment
parameters. Although tibial or femoral bowing could change the joint line orientation dramatically, such
deformities rarely need correction during primary TKA, so our study did not focus on these special extra-
articular deformities. Finally, full-length weight bearing radiographs rather than 3D CT were used for
radiographic measurement, and some study have proven that the latter has higher accuracy (34).
Actually, the cost effectiveness of radiograph is much better. As a routine before TKA, some meaningful
finding in preoperative radiographs would be more helpful for guiding clinical practice.

Conclusion
Knee joint deformities in patients diagnosed with OA could be artificially divided into 4 subgroups based
on the alignment of extremities and the joint line orientations. Varus knee with mLDFA < 90°, varus knee
with mLDFA > 90°, valgus knee with MPTA < 90° and valgus knee with MPTA > 90°. Patients in subgroup 1
account for majority of all patients (61.3%) in current case series. When a TKA is performed in varus knee
with mLDFA < 90° using conventional instrument and MA technique, the amount of bone resection in EG
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is linearly related to the patient’s mLDFA, every 2° of increase in mLDFA, the amount of bone resection will
increase by about 1 mm.

Abbreviations
TKA: Total knee arthroplasty; MA: Mechanical alignment; OA: Osteoarthritis; EG: Extension gap; AP:
Anterioposterior; PACS: Picture archiving and communication systems; HKA: Hip-knee-ankle; mLDFA:
Mechanical lateral distal femoral angle; JLCA: Joint line congruency angle; MPTA: Medial proximal tibial
angle
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Figure 1

Simulated resection were performed in full-length weight bearing radiograph. The thickness of resection
of the medial and lateral femoral condyles (a) and tibial plateau (b) were measured and recorded.

Figure 2

Demonstrated the resected tibial plateau and the distal femoral condyles in TKA (a). A caliper measured
the thickness of the distal medial femoral condyle (b). In case of cartilage wear, oscillating saw kerf
(1.5mm) should be compensated.
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Figure 3

Patients can be divided into 4 subgroups based on limb alignment and joint orientation: (a) varus knee
with mLDFA < 90°, (b) varus knee with mLDFA > 90°, (c) valgus knee with MPTA < 90° and (d) valgus knee
with MPTA > 90°.
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Figure 4

The relationship between Max. resection and joint orientation parameters in varus knee with Mldfa < 90
degrees. Scatter dots weighted by Max. resection are shown. Compared with less bone cuts (green dots)
in the bottom left quadrant, more bone cuts (red dots) appear in the upper quadrant rather than the most
right quadrant. This shows that mLDFA has more impact on the amount of bone cut.

Figure 5

Linear regression plot of Max. resection and MPTA in valgus knee with mLDFA < 90 degrees. The shaded
part in the plot is the 95% confidence interval.
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Figure 6

The relationship between intraoperative adjustment of bone cut and mLDFA in subgroup 1 (a), and MPTA
in subgroup 3 (b). Note: 0 no bone cut adjustment, +2t 2mm of tibial recut, +2f 2mm of distal femoral
recut, +4 2mm of tibial and 2mm of femoral recut, -2t applied 2mm thicker liner.


