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Abstract
Background  Discrepancies in bone resection between the medial and lateral compartments are very common 
in total knee arthroplasty (TKA) when mechanical alignment (MA) is used. The purpose of this study was to explore 
whether and how joint line orientation affects the initial bone resection in mechanically aligned TKA.

Methods  A total of 194 patients (225 knees) diagnosed with osteoarthritis (OA) were included. Virtual bone 
resection was conducted in the coronal view using full-length weight-bearing radiographs according to the technical 
requirements of MA, and the reliability of the virtual resection was verified via intraoperative caliper measurements. 
Correlation and regression analyses were conducted between the initial bone resection within the extension gap (EG) 
and various parameters, including the hip-knee-ankle (HKA) angle, mechanical lateral distal femoral angle (mLDFA), 
joint line congruence angle (JLCA), and medial proximal tibial angle (MPTA). Moreover, the correlation between 
intraoperative bone resection adjustments and joint line orientation parameters was also investigated.

Results  All knees in the current case series were artificially divided into 4 subgroups: subgroup 1, containing 148 
varus knees (65.8%) with valgus femurs; subgroup 2, containing 48 varus knees (21.3%) with varus femurs; subgroup 
3, containing 17 valgus knees (7.6%) with varus tibias; and subgroup 4, containing 12 valgus knees (5.3%) with valgus 
tibias. In subgroup 1, the mLDFA and MPTA were positively correlated with the initial bone resection with regression 
coefficients of 0.670 and 0.089, respectively. Moreover, in all varus knees, intraoperative bone resection adjustments 
were negatively correlated with mLDFA and MPTA, with categorical regression coefficients of -0.426 and − 0.230, 
respectively.
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Background
In mechanically aligned total knee arthroplasty (TKA), 
the thickness of bone resected from the medial and lat-
eral condyle of the distal femur has been reported to 
be significantly different [1, 2]. Similarly, the thickness 
of bone resected from the medial and lateral tibial pla-
teau differed as well [3]. This is because the mechanical 
alignment (MA) technique necessitates the implantation 
of femoral and tibial components perpendicular to the 
mechanical axis of the femur and tibia, respectively, and 
does not take the variations of the joint line orientation 
into full consideration [4, 5].

In the more recent coronal alignment classifications of 
the knee that integrate the joint line orientation parame-
ters, if 3° is used as the range of the knee phenotype, then 
the knee phenotype that fully meets MA is only 5.6% and 
3.6% in the male and female populations, respectively 
[6]. In contrast, if 4° is used as the range, then the knee 
phenotype that meets MA is about 15% [7]. These results 
suggest that MA significantly alters the native joint line 
orientation in most people.

Such changes in the native joint line orientation inevi-
tably lead to discrepancies in medial-lateral compartment 
resection of the knee and consequently to imbalances in 
the extension gap (EG), especially when conventional 
instruments are used to perform MA-TKA. So, how does 
the native joint line orientation affect the initial bone 
resection of MA-TKA in the coronal plane? Is it possible 
to predict the amount of intraoperative bone resection by 
measuring parameters related to the knee joint line ori-
entation preoperatively? To our knowledge, no such stud-
ies have been reported. Before specifying this question, 
the parameters representing the knee joint line orienta-
tion should be defined first. The mechanical lateral dis-
tal femoral angle (mLDFA), joint line congruence angle 
(JLCA) and medial proximal tibial angle (MPTA) were 
chosen as parameters describing the knee joint line ori-
entation as per the approach described by Paley et al [8]. 
While the hip-knee-ankle (HKA) angle was included in 
the analysis because it is an important parameter describ-
ing the alignment of the lower extremity. The hypothesis 
of this study is that these joint line orientation parame-
ters would impact the initial bone resection of MA-TKA 
on the coronal plane and possibly lead to intraopera-
tive bone resection adjustments that would have to be 
implemented.

Methods
The current study is a correlation analysis using retro-
spective radiological measurements and the virtual bone 
resection used to create the EG. Joint line orientation 
parameters were measured on an anteroposterior full-
length weight-bearing roentgenogram. Bone resection 
simulation was performed to evaluate the gross bone 
loss. The relationship between various joint line orien-
tation parameters and the supposed bone resection was 
investigated to judge the impact of joint line orientation 
parameters on initial bone resection or even intraopera-
tive bone recuts in TKA.

Patients
To ensure the accuracy of the radiological measurements, 
the inclusion criteria for this study were Kellgren-Law-
rence grade III-IV knee OA and full-length weight-bear-
ing radiographs of both lower extremities in which the 
projection of the patella was centered between the fem-
oral condyles. The exclusion criteria included fixed sub-
luxation or dislocation of the patella, congenital lower 
extremity deformity, history of injury or surgery around 
the knee joint, significant corrosion of subchondral bone 
or significant deformity compared with the contralateral 
knee, > 10 degrees of flexion contracture, inflammatory 
arthritis, and abnormal rotation (patellar edge beyond 
the contour of the femoral condyle) of the lower extremi-
ties due to technical aspects of imaging. A total of 194 
consecutive patients diagnosed with OA undergoing pri-
mary TKA (225 knees) at our institute between July 2017 
and October 2020 were included in the current study 
(Fig. 1, patient demographics are shown in Table 1).

Radiology conditions and setup
Anteroposterior full-length weight-bearing radiographs 
were obtained using a Definium 8000 digital radiographic 
system (GE, MA, USA) with an exposure distance of 
1.8  m, voltage of 80  kV, and current of 400 mA in auto 
exposure mode. Patients were usually instructed to stand 
with the feet together and the patellas facing forward. In 
the case of tibial torsion, the feet were rotated to orien-
tate the patella forward. The hip, knee and ankle joints 
were exposed separately, and full-leg weight-bearing 
radiographs were automatically spliced and synthesized 
by the system.

Conclusion  When MA-TKAs are performed in varus knees with valgus femurs, the initial bone resection within the 
EG is mainly positively correlated with mLDFA, while the intraoperative bone resection adjustment is significantly 
correlated with mLDFA and MPTA in all varus knees.

Keywords  Joint line, Orientation parameters, Bone resection, Osteoarthritis, Total knee arthroplasty
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Designation of anatomical landmarks and measurement of 
joint line parameters
A picture archiving and communication system (PACS) 
was used to generate radiological measurements in this 
study. The designation of anatomical landmarks and vari-
ous joint orientation angles was performed according to 
the method described by Paley et al. [8]. The center of 
the femoral head was identified using the Mose circles 
approach. The center of the distal femur, tibial plateau 
and ankle joint were defined using the top of the femoral 
notch, the center of the tibial spine and the mid-width of 
the talus, respectively. The mechanical axes of the femur 
and tibia were subsequently determined by connecting 
the above anatomical landmarks. The distal femoral joint 
line was designated as the line tangential to the medial 
and lateral femoral condyles, and the proximal tibial 
joint line was similarly defined as the line tangential to 
the concave aspect of the subchondral line of the tibial 
plateau.

The HKA angle was defined as the angle between the 
femoral and tibial mechanical axes. A negative HKA 
angle indicated a varus knee, and a positive angle indi-
cated a valgus knee. The mLDFA was defined as the lat-
eral angle formed by the femoral mechanical axis and 
the distal femoral joint line. The JLCA was defined as 

the angle formed by the distal femoral joint line and the 
proximal tibial joint line. JLCAs with medial convergence 
were negative values, and JLCAs with lateral conver-
gence were positive values. The MPTA was defined as the 
medial angle between the mechanical tibial axis and the 
proximal tibial joint line.

Measurement of virtual bone resection thickness
Virtual bone resection was performed using the PACS 
as per the mechanical alignment (MA) technique. On 
the femoral side, a line (Line A) that was both tangential 
to the most distal point of the femur (either the medial 
or lateral condyle) and perpendicular to the femoral 
mechanical axis was drawn. Then, another line (Line 
B) parallel to Line A and 9 mm proximal to Line A was 
drawn. Finally, the distances from Line B to the most dis-
tal part of the medial and lateral femoral condyles were 
measured and recorded as the medial and lateral femoral 
resection thicknesses, respectively (Fig. 2a). On the tibial 
side, a line (Line C) that was both tangential to the most 
prominent articular surface (either the medial or lateral 
plateau) and perpendicular to the tibial mechanical axis 
was drawn. Similarly, another line (Line D) parallel to 
Line C and 10 mm distal to Line C was set. The distances 
from Line D to the two points on the medial and lateral 

Fig. 1  Flow chart of patient selection for this retrospective cohort study
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concave aspects of the tibial plateau were measured as 
the medial and lateral tibial resection thicknesses, respec-
tively (Fig. 2b). The magnification of the radiographs was 
1.05. All imaging measurements were performed by two 
independent physicians (YY, DM). The inter-observer 
intraclass correlation coefficients (ICC) of the HKA 
angle, mLDFA, JLCA and MPTA were 0.894 (95% CI: 
0.865 ~ 0.918), 0.914 (95% CI: 0.890 ~ 0.933), 0.972 (95% 
CI: 0.963 ~ 0.978), and 0.537 (95% CI: 0.437 ~ 0.624), 
respectively. The mean values were utilized in the subse-
quent statistical analysis.

Calculation of initial bone resection thickness
The medial resection thickness was calculated as the sum 
of the medial femoral resection thickness and the medial 
tibial resection thickness, with the same algorithm for 
the lateral resection thickness. Regardless of the medial 
or lateral resection thickness, only the larger value (here-
after referred to as the “max. resection” thickness) was 
used in the following calculations. The rationale for this 
algorithm is that in clinical scenarios, to ensure postop-
erative lower extremity alignment, the distal femoral and 
proximal tibial resections must be perpendicular to their 
individual mechanical axes. If the EG is too tight because 
of less bone resection on one side, it is usually necessary 
to remove the osteophyte or release the ligament rather 
than perform additional parallel resection to achieve EG 
balance.

Surgical procedure and intraoperative verification
Operations were performed by two senior attending sur-
geons (ZW, LW). Gemini MK-II prostheses (Link, Ham-
burger, Germany) were used in this study, of which 215 
were the cruciate-retaining type and 10 were the poste-
rior stabilized type. Conventional instruments were used. 
Distal femoral resection was conducted perpendicular to 
the femoral mechanical axis [9]. After the valgus resec-
tion angle was set accordingly, a bone resection thickness 
of 9 mm was determined based on the most prominent 
femoral condyle. Tibial resection was conducted per-
pendicular to the tibial mechanical axis, and the resec-
tion level was estimated using the stylus as 10 mm from 
the central point of the lateral plateau or the less worn 
side. The EG was subsequently preliminarily estimated. 
Measured resection techniques were used in the cur-
rent study. When the bone preparation was completed, 
any necessary ligament release was performed before the 
components were cemented.

Intraoperative resection data were randomly measured 
in 10 patients in this study to verify the accuracy of the 
bone resection simulation. 4 numerical variables were 
measured in each case: measures of the medial femoral 
condyle, lateral femoral condyle, medial tibial plateau 
and lateral tibial plateau(Fig. 3a, b). A total of 40 paired 
measurements were tested for intraoperative verifica-
tion, meaning that the power for distinguishing a differ-
ence of 0.5 in the ICC exceeded 90% [10]. Intraoperative 

Fig. 2  Partial schematics of virtual bone resection on full-length weight-bearing radiographs. The thicknesses of bone resected from the femoral con-
dyles (a) and tibial plateau (b) are shown. Line A is tangential to the most distal portion of the femur and perpendicular to the femoral mechanical axis. 
Line B is parallel to Line A and 9 mm away from Line A. Line C is tangential to the most proximal articular surface and perpendicular to the tibial mechani-
cal axis. Line D is parallel to Line C and 10 mm below Line C
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measurements were required to compensate for the oscil-
lating saw kerf (1.5 mm), partial wear (1 mm) and com-
plete wear (2 mm) of cartilage, respectively.

Retrospective collection of bone resection data
The original medical records of all included patients 
were retrospectively analyzed. All operative records were 
retrieved to obtain detailed information on intraopera-
tive adjustments to the bone resection thickness, includ-
ing whether the additional cuts were made to the distal 
femur or proximal tibia, whether a thicker insert was 
used, and whether an augment was used or thicker bone 
cement was applied beneath the femoral component to 
balance the flexion-extension gap.

Statistical analysis
Data are described using the mean ± standard deviation 
or median (interquartile range) M(Q) based on the data 
distribution, which was determined via the Shapiro–Wilk 
test. Correlation analysis was used to investigate the rela-
tionship between the max. resection and various joint 
line orientation parameters. Linear regression analysis 
was conducted to identify predictors of the max. resec-
tion. Categorical regression with optimal scaling was 
used to examine the relationship between intraoperative 
bone resection adjustments and joint line orientation 
parameters. Since the intraoperative bone cut adjust-
ments were nominal data, data conversion into ordinal 
categorical data was necessary to increase the power of 
the test. This data conversion, however, has some draw-
backs because it is not possible to distinguish whether 
the bone recut was from the tibial or femoral side. The 
ICC is generally considered to indicate poor reliability 

when below 0.4 and good reliability when above 0.7. All 
statistical tests were performed using SPSS statistical 
software (version 22; SPSS, Inc., Chicago, IL, USA). A p 
value of < 0.05 was considered statistically significant. All 
plots in this study were generated using R (4.0.0, R Core 
Team (2020), Vienna, Austria) and the ggplot2 package 
(3.2.1, Wickham (2020), New York, US).

Results
Patient demographics are shown in Table 1. Interestingly, 
among the 225 knees included in this study, all varus 
knees showed MPTAs less than 90 degrees, while all val-
gus knees showed mLDFAs less than 90 degrees. Then, 
the varus knees can be divided into 2 subgroups based on 
the mLDFA: subgroup 1, varus knees with mLDFA ≤ 90°; 
and subgroup 2, varus knees with mLDFA > 90°. Similarly, 
valgus knees can be divided into 2 subgroups based on 
the MPTA: subgroup 3, valgus knees with MPTA ≤ 90°; 
and subgroup 4, valgus knees with MPTA > 90° (Fig.  4). 
The joint line orientation parameters of each group are 
detailed in Table 2.

Because the max. resections in subgroups 2 and 4 
are constants (the reasons are detailed in the discus-
sion section), only radiological measurements from 

Table 1  Patient demographics and radiographic joint line 
parameters
Number of patients 194

Sex (male/female) 56/138

Age (years, M(Q)) 69(13)

Number of knees 225

Side (left/right) 109/116

Deformity (varus/valgus) 196/29

Fig. 3  Demonstration of bone pieces resected in TKA (a) and measurement of the resection thickness with a caliper (b)
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subgroups 1 and 3 were included in the subsequent 
analysis. The results of Spearman’s correlation analy-
sis showed that the mLDFA and MPTA were positively 
correlated with the max. resection thickness in sub-
group 1, with correlation coefficients of 0.927 (p < 0.001) 

and 0.211 (p = 0.01), respectively. Linear regression was 
subsequently conducted using the mLDFA and MPTA 
to investigate which parameter had a better predictive 
capacity. The regression equation was derived as follows: 
y = 0.670x1 + 0.089x2-49.163 (R2 = 0.730, Durbin-Wat-
son = 2.026), where y represents the max. resection thick-
ness, and x1 and x2 represent the mLDFA and MPTA, 
respectively (Fig.  5). On the other hand, correlation 
analysis showed that only the MPTA had a positive cor-
relation with the max. resection thickness in subgroup 
3, with a correlation coefficient of 0.844. The regression 
equation is y = 0.440x-21.658, R2 = 0.712 (Fig. 6).

The ICC of intraoperative verification was 0.984 (95% 
CI: 0.969 ~ 0.991). Statistical analysis showed the virtual 
bone resection data in the PACS were highly consistent 
with the intraoperative measurements.

A retrospective surgical record survey showed that 
68.4% of patients did not receive further adjustments (0) 
following the initial bone resection, while other patients 

Table 2  Radiological measurement parameters for each 
subgroup (mean ± SD or M(Q))
Grouping: 
n(percentage)

HKA(deg.) mLDFA(deg.) JLCA(deg.) MPTA(deg.)

Overall: 
225(100%)

-7.2(5.4) 88.1 ± 2.6 -4.4(3.0) 85.7(3.1)

Subgroup 1: 
148(65.8%)

-7.1(16.6) 88(7.0) -7.9 ± 1.8 85.3 ± 2.1

Subgroup 2: 
48(21.3%)

-10.7 ± 3.1 91.3(6.2) -4.6 ± 1.8 85.3 ± 1.9

Subgroup 3: 
17(7.6%)

5.4 ± 1.8 83.9 ± 1.1 2.2 ± 1.1 87.1 ± 1.4

Subgroup 4: 
12(5.3%)

9.8 ± 3.6 85.1(2.3) 3.8 ± 1.3 90.7(3.5)

Fig. 4  Patients can be divided into 4 subgroups based on limb alignment and joint line orientation, represented by the following: (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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received various intraoperative adjustments, includ-
ing 2  mm of further tibial resection (t + 2  mm), 2  mm 
of further distal femoral resection (f + 2  mm), both 
(+ 4 mm), and a 2-mm-thicker liner (t-2 mm). Very rarely, 
approximately 2  mm of additional cement was applied 
between the distal femur and the component to address 

a relatively wide EG (f-2 mm) (Table 3). No other types 
of adjustments were found in the review of the surgical 
records for this case series.

Categorical regression with optimal scaling was per-
formed for all subgroups because bone cut adjustments 
were common. The results showed that all bone cut 
adjustments that occurred in the varus knees, regard-
less of the subgroup, showed a negative correlation with 
mLDFA and MPTA. Furthermore, the contribution of 
mLDFA to this relationship far exceeded that of MPTA 
(Table 4). In contrast, all intraoperative bone cut adjust-
ments in the valgus knees did not show any correlation 
with joint line orientation parameters. To more clearly 
demonstrate such a relationship in the varus knees, 
grouped scatter plots were drawn (Fig. 7). As the LDFA 
and MPTA decrease (i.e., the more oblique the femoral 
and tibial joint line), the intraoperative bone recut has a 
tendency to increase.

Discussion
The main finding of this study was that when TKA was 
performed with MA using conventional instrumentation 
on a varus knee with an mLDFA less than 90°, the initial 
bone resection within the EG was linearly related to the 

Fig. 6  Linear regression plot of the max. resection thickness and MPTA in 
valgus knees with mLDFA < 90 degrees. The shaded area in the plot indi-
cates the 95% confidence interval

 

Fig. 5  Relationship between the max. resection thickness and joint orientation parameters in varus knees with mLDFA < 90 degrees. Scatter dots weight-
ed by the max. resection thickness are shown. Compared with the light blue dots in the bottom left quadrant, representing fewer bone cuts, the dark 
blue dots, representing more bone cuts, appear in the upper quadrant rather than the rightmost quadrant. This suggests that the mLDFA has a greater 
effect on the max. bone resection
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patient’s mLDFA and MPTA, while mLDFA had a more 
significant impact on the initial bone resection. In addi-
tion, intraoperative recut also showed a certain negative 
correlation with mLDFA and MPTA in the varus knees. 
The clinical significance is the preoperative acquisition 
of knee line orientation parameters, such as mLDFA, 
MPTA, etc., to predict the amount of bone resection 
within the EG during MA-TKA and to estimate the pos-
sibility of intraoperative bone recut.

In the current study, all varus knees were found to have 
MPTAs less than 90°, and all valgus knees had mLDFAs 
less than 90°. I.e., when the MA technique is used in TKA 

for bone preparation, the thickness of lateral tibial pla-
teau resection is always thicker than that of medial resec-
tion in varus knees, while the thickness of medial femoral 
condyle resection is always greater than that of lateral 
condyle resection in valgus knees. This finding is consis-
tent with those of previously published literatures that 
the major contributors to valgus and varus knee defor-
mity are valgus of the distal femur [11] and varus of the 
proximal tibia [2], respectively.

In the present case series, patients in the varus knee 
group were divided into 2 subgroups based on whether 
their mLDFA was less than 90°, while those in the valgus 

Table 3  Intraoperative adjustment of initial bone cut in different subgroups of patients
f-2 mm t-2 mm 0 f + 2 mm t + 2 mm + 4 mm

Subgroup 1 0(0%) 9(6.1%) 95(64.2%) 13(8.9%) 22(14.9%) 9(6.1%)

Subgroup 2 2(4.2%) 2(4.2%) 41(85.4%) 1(2.1%) 1(2.1%) 1(2.1%)

Subgroup 3 0(0%) 1(5.9%) 11(64.7%) 3(17.6%) 2(11.8%) 0(0%)

Subgroup 4 2(16.7%) 0(0%) 7(58.3%) 1(8.3%) 2(16.7%) 0(0%)

Total 4(1.8%) 12(5.3%) 154(68.4%) 18(8.0%) 27(12.0%) 10(4.4%)
Note: () is the percentage of patients in each group with this type of bone cut adjustment

Table 4  Categorical regression performed between intraoperative bone cut adjustments and joint line orientation parameters in this 
case series

R2 p Predictors Std. coefficients Importance*
Varus knees All varus knees 0.241 0.000 mLDFA -0.426 0.766

MPTA -0.230 0.234

Subgroup 1 0.300 0.000 mLDFA -0.484 0.809

MPTA -0.222 0.191

Subgroup 2 0.197 0.007 mLDFA 0.436 0.976

MPTA -0.049 0.024

Valgus knees All valgus knees 0.102 0.247 mLDFA -0.273 0.824

MPTA -0.091 0.176

Subgroup 3 0.164 0.285 mLDFA -0.449 1.035

MPTA 0.160 -0.036

Subgroup 4 0.201 0.364 mLDFA -0.459 1.021

MPTA 0.034 -0.021
Note: *represents the importance percentage of the effect of the independent variables in the model

Fig. 7  Relationship of intraoperative adjustment of bone resection with mLDFA and MPTA in varus knee
Note: 0, no bone resection adjustment; t + 2 mm, 2 mm of additional tibial resection; f + 2 mm, 2 mm of additional distal femoral resection; +4 mm, a total 
of 4 mm of additional bone resection from either the femoral or tibial side; t-2 mm, application of a 2-mm-thicker liner; f-2 mm, approximately 2 mm 
thicker cement is applied between the distal femur and the component
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knee group were similarly divided with reference to the 
MPTA. Such grouping is necessary before further corre-
lation analysis. For example, in subgroup 2, the resection 
thicknesses of the distal femur and tibial plateau were ref-
erenced to the lateral condyle and lateral plateau, respec-
tively. the max. resection of subgroup 2 is a constant 
resection from the lateral compartment. For the same 
reason, the max. resection of subgroup 4 is also constant.

To the best of our knowledge, no prior studies have 
focused on the relationship between joint line orientation 
and the extent of bone resection performed. One study 
found a significant correlation between the leg axis and 
the optimal tibial resection thickness, and the optimal 
resection thickness in valgus knees was significantly less 
than that in neutral or varus knees; however, no joint line 
orientation parameters were considered [3]. Inconsistent 
with the results of the above study, the initial bone resec-
tion thickness was not related to the HKA angle in this 
study. The reason for this difference may be because joint 
line orientation parameters and simulated resection data 
for only subgroups 1 and 3 were included in this correla-
tional analysis.

Patients in subgroup 1 had varus knees with valgus 
femurs and accounted for the majority of all included 
patients (65.8%). Correlational analysis showed that 
both the MPTA and mLDFA were positively correlated 
with the extent of bone resection. The results of the sub-
sequent regression analysis revealed that the mLDFA, 
rather than the MPTA, had a significant effect on the 
amount of bone resection. Such results can be inter-
preted as the majority of patients in the varus knees 
with an valgus femur have an MPTA much smaller than 
mLDFA and completely counteract the effect of JLCA. 
This was indeed the case, as only 20 of 148 patients in 
subgroup 1 (13.5%) have greater MPTA than mLDFA. 
For the rest of the patients, max. resection was mainly 
determined by the bone resection in the lateral compart-
ment, so mLDFA is a better predictor of bone resection 
in this subgroup.

Another important finding of this study is that intraop-
erative bone recut is negatively correlated with mLDFA 
and MPTA in all varus knees, and similarly, still mLDFA 
has a better predictive role. Although a certain trend of 
increasing intraoperative recut is found as the mLDFA 
decreases, However, we are unable to predict a thresh-
old of mLDFA, beyond which an intraoperative recut is 
likely to be necessary. This is because the data ranges of 
mLDFA corresponding to the bone cut adjustments in 
each group overlap significantly (Fig.  7). This suggests 
that intraoperative bone cut adjustments are influenced 
by other factors besides joint line parameters, i.e. errors 
from instruments, individual variability in soft tissue lax-
ity, errors in surgical technique, operator’s preference, 

etc. No such correlation was found in valgus knees, prob-
ably due to the small number of patients.

Our study has several limitations. First, a small num-
ber of patients were included in our study. There may 
be some selection bias, as we excluded some patients 
due to rotation of the lower extremities in full-length 
weight-bearing radiographs, and abnormal rotation of 
the lower extremities results in inaccurate measurement 
of the MPTA [12]. In addition, because of the limited 
sample size, it may be that not all patients diagnosed 
with knee OA can be classified into 4 subgroups. One 
study reported a valgus knee with an mLDFA as large as 
92° [13]. Also because of the small number of cases, no 
further case stratification was conducted based on the 
severity of OA in this study, and varying degrees of OA 
may have an impact on the results of radiological mea-
surements and analysis. Secondly, some special types of 
extra-articular deformities, such as tibial or femoral shaft 
bowing with progression of knee OA, were not used as 
alignment parameters. Although tibial or femoral bow-
ing could dramatically change the joint line orientation, 
such deformities rarely need correction during primary 
TKA; thus, our study did not focus on these unusual 
extra-articular deformities. Thirdly, due to the limitations 
of retrospective studies, quantitative data of EG balance 
after initial resection could not be acquired, and intraop-
erative resection adjustments do not depend exclusively 
on the amount of initial resection, but also on individual 
factors such as the amount of osteophytes and the lax-
ity of the soft tissue. Finally, full-length weight-bearing 
radiographs were used for radiographic measurement 
rather than 3D CT, and some studies have proven that 
the latter has higher accuracy [14]. However, the cost 
effectiveness of radiographs is much greater. The routine 
determination of some meaningful findings based on 
preoperative radiographs before TKA could be helpful 
for guiding clinical practice.

Conclusion
In MA-TKA, the initial bone resection within the EG is 
linearly related to the patient’s mLDFA in varus knees 
with valgus femurs, the intraoperative bone cut adjust-
ment is significantly correlated with mLDFA and MPTA 
in varus knees as well. This study suggests that attention 
should be given to this preoperative radiographic varia-
tion to avoid multiple intraoperative bone resections or 
unnecessary bone loss.
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