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Introduction

Total knee arthroplasty (TKA) is a widely performed surgi-
cal procedure for managing end-stage osteoarthritis, aiming 
to restore joint function and alleviate pain. Proper frontal 
plane alignment is crucial for optimizing postoperative out-
comes, including implant longevity and functional recovery. 
While robotic-assisted techniques provide precision in bone 
resections, the majority of TKA procedures worldwide still 
rely on conventional mechanical instrumentation.
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Abstract
Introduction  Proper knee alignment is critical for optimizing postoperative function and implant longevity in total knee 
arthroplasty (TKA). While robotic-assisted surgery offers precision in bone resections, most surgeons still rely on conven-
tional instrumentation. This study evaluates the relationship between pre- and postoperative frontal knee alignment and bone 
resections in TKA performed without precision-enabling devices to establish a correlation between thickness of resection 
and frontal angular correction.
Materials and methods  This retrospective, single-center study analyzed data from patients undergoing TKA for end-stage 
osteoarthritis between June 2021 and April 2024. Intraoperative cuts were measured in a standard way. All procedures were 
performed by a single experienced surgeon without precision-enabling devices. Preoperative and six-week postoperative 
weight-bearing goniometry and anteroposterior (AP) radiographs were collected. The cohort consisted of 130 patients: 69 
varus (= 177° HKA), 30 neutral (177°–183° HKA) and 31 valgus (= 183° HKA) knees. Patients were 36.9% male, with a 
mean age of 70.1 years (SD 8.2) and a BMI of 30.8 kg/m2 (SD 5.6). Hip-knee-ankle (HKA) angle, anatomical and mechani-
cal tibiofemoral angles and joint line convergence angles (JLCA) were measured. Statistical analysis was conducted to 
determine correlations between resection measurements and angular parameters.
Results  The correlation between tibial resection (ΔT) and medial proximal tibial angle modification measured on goniom-
etry (ΔMPTA(g)) followed a linear regression with a Spearman’s correlation coefficient (r = 0.553). A weak positive correla-
tion was observed between ΔT and ΔMPTA on AP radiographs (r = 0.505), as well as between distal femoral resection (ΔDF) 
and lateral distal femoral angle modification (ΔLDFA(g)) on goniometry (r = 0.350) and on AP radiographs ΔLDFA(s) (r = 
0.187).
Conclusion  This study suggests a moderate correlation between tibial resection thickness and angular correction in the coro-
nal plane. However, the high variability observed indicates that surgical planning should not rely solely on this correlation.

Keywords  Total knee arthroplasty · Caliper · Angular modification · Tibial resection · Distal femoral resection · Joint 
Line convergence angle · Medial proximal tibial angle · Lateral distal femoral angle · Correlation
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Given the ongoing debate about alignment philosophies 
(ranging from mechanical alignment to more personalized 
kinematical approaches) understanding the direct impact of 
bone cuts on postoperative alignment is essential for refin-
ing surgical techniques [1–4]. The accuracy of these bony 
resections can influence joint line orientation and load 
distribution, factors that ultimately affect implant survival 
and patient satisfaction [5, 6]. The precision of obtaining 
neutral mechanical alignment using robotic systems and 
patient-specific instrumentation has been questioned, simi-
larly to the accuracy of caliper measurements in kinematic 
alignment [7–9]. Robotic-assisted TKA has been shown to 
be more precise than manual TKA, both in terms of bone 
cuts and component positioning [10, 11]. These high-cost 
surgical instruments have been seriously challenged by the 
caliper-based technique, which offers high accuracy in kine-
matic alignment, achieving absolute differences from the 
target as small as 0.175 ± 0.35 mm in relation to the femoral 
resection goal [7, 12].

It is well-established that foot positioning and weight-
bearing status during radiographic imaging can affect knee 
alignment in the frontal plane. Consequently, variations in 
alignment measurements may stem from positional factors, 
underscoring the importance of standardizing radiographic 
techniques [13–15]. The value of preoperative planning in 
TKA has also been emphasized. Accurately assessing bony 
deformities and soft tissue laxity is crucial for determining 
resection levels and selecting the appropriate implant con-
straint [16]. Insufficient preoperative data can complicate 
cases, even for highly skilled surgeons, asking for more 
constraint or thicker polyethylenes than initially estimated.

To the best of our knowledge, the correlation between 
bone resection thicknesses and angular correction has not 
been established. For decades, surgeons cite the golden rule 
that 1 mm of resection correlates with 1° of angular cor-
rection, but without scientific data to confirm this adagio. 
Given the development of various alignment philosophies, 
the availability of precision-enabling devices, and the grow-
ing demand for knee arthroplasty, this study aimed to inves-
tigate this surgical approximate observation.

The primary objective of this study was to evaluate the 
impact of tibial and femoral bone resections on frontal 
postoperative alignment in TKA by analyzing radiographic 
measurements and bony resection pieces from a cohort of 
patients undergoing non-robotic TKA. Specifically, the 
study aims to determine whether a one-millimeter differ-
ence in bone resection resulted in a one-degree change in 
joint line angulations in the frontal plane.

Materials and methods

Study design

This is a single-center observational study conducted on a 
cohort of 130 patients. We analyzed the medical records of 
patients who underwent TKA for Kellgren-Lawrence grade 
3 or 4 osteoarthritis between June 2021 and April 2024, all 
performed by a single experienced surgeon. This study was 
approved by the institutional ethical committee (approval 
number B403201523492).

Setting and participants

Inclusion criteria were the availability of preoperative 
and 6-week postoperative weight-bearing goniometry and 
anteroposterior (AP) radiographs, stored in our imaging 
system (PACS, CareStream Health, Zaventem, Belgium). 
Additionally, the measurements of all bony resections per-
formed by the surgeon during the procedure had to be avail-
able. Both these data sources were matched.

Exclusion criteria were a history of distal tibial or femo-
ral osteotomy, fractures or osteosynthesis.

Based on these criteria, 130 patients were included, with 
11 patients excluded due to the following reasons: 8 lack-
ing postoperative goniometry, 1 with a history of tibial 
fracture, 1 with a femoral fracture and 1 with a tibio-calca-
neal arthrodesis. Additionally, any mention of ligamentous 
insufficiency or prior infection was considered an exclusion 
criterion, as these factors could potentially affect laxity or 
alignment (Table 1).

Patients were categorized based on preoperative align-
ment measured as Hip-Knee-Ankle (HKA) angle: varus was 
defined as HKA = 177° (n = 69), neutral alignment as HKA 
between 177° and 183° (n = 30), and valgus as HKA = 183° 
(n = 31) [17]. The cohort was 36.9% male, with a mean age 
of 70.1 years (SD 8.2) and a BMI of 30.8 kg/m2 (SD 5.6) 
(Table 2).

Table 1  Patient demographics
Variable Varus Neutral Valgus Total
Numbers of patients 69 30 31 130
Men, n (%) 46.4% 

(32)
23.3% (7) 29.0% 

(9)
36.9% 
(48)

Women, n (%) 53.6% 
(37)

76.7% (23) 71.0% 
(22)

63.1% 
(82)

Age (years, mean ± 
SD)

69.2 (± 
7.8)

73.8 (± 8.4) 68.4 (± 
10.9)

70.1 
(± 8.2)

BMI (kg/m2, mean 
± SD)

31.2 (± 
5.9)

29.7 (± 4.9) 27.9 (± 
4.3)

30.8 
(± 5.6)
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 ΔRadiographic measurements

All included patients underwent standardized imaging eval-
uations at our institution:

Goniometry: Performed using a Philips digital system 
(Amsterdam, Netherlands), with the receiver positioned 3 
m from the patient. The patient stood barefoot, with legs 
extended, on a wooden platform in a bipedal stance, fac-
ing the machine. Separate images were taken for hips, knees 
and ankles, which were then electronically merged.

AP radiographs: Performed using the same device 
with a receiver placed 1.1 m from the patient. The patient 
stood barefoot, with their back to the emitter, feet parallel, 
and knees slightly flexed. The X-ray beam was angled 10° 
downward and set to 66 kV.

Analyses were performed by a single clinician to mini-
mize inter-observer bias. Radiographic measurements 

were taken using PACS software, and the following angles 
were assessed on goniometry: HKA, anatomical-mechani-
cal angle (AMA), mechanical lateral distal femoral angle 
(mLDFA), medial proximal tibial angle (MPTA) and joint 
line congruency angle (JLCA). On AP radiographs, the 
angles measured included JLCA, MPTA (using the center 
of the proximal tibial width, assuming equivalence between 
the anatomical and mechanical axes of the tibia) and ana-
tomical lateral distal femoral angle (aLDFA). The mLDFA 
on AP radiographs (mLDFA(s)) was derived by summing 
the aLDFA with the AMA angle obtained from goniometric 
measurements performed the same day.

Finally, reproducibility of the measurements was assessed 
using the intraclass correlation coefficient (ICC).

Angles marked with (g) indicate measurements on 
goniometry, while those marked with (s) represent values 
assessed from weight-bearing radiographs centered on the 
knee. Angles with an apostrophe (‘) denote postoperative 
measurements, while those without correspond to preopera-
tive values. For instance, MPTA (g) refers to the preopera-
tive goniometric measurement, while MPTA(g)’ represents 
the postoperative value. The difference between the post-
operative (MPTA’) and preoperative (MPTA) angles was 
then calculated on goniometry as ΔMPTA(g) = MPTA(g)’– 
MPTA(g). The same calculation was applied to ΔmLDFA, 
ΔaLDFA, and ΔMPTA(s).

A caliper was used to measure the medial and lateral dis-
tal femoral resections, as well as the tibial condyle thickness 
at the base of the tibial spine. The measurements included 
bone resection without accounting for the thickness or the 
kerf. The difference in tibial resection was calculated by 
subtracting the medial (Tmed) resection from the lateral 
(Tlat) resection, resulting in ΔT = Tlat - Tmed. Similarly, 
the difference in distal femoral resection was calculated by 
subtracting the lateral (DFlat) resection from the medial 
(DFmed) resection, resulting in ΔDF = DFmed - DFlat.

Statistical analysis

This dataset was analyzed sequentially using descriptive 
and univariate analyses. Variables were expressed as mean 
± standard deviation and illustrated by boxplots. The nor-
mal distribution of variables was assessed with QQ plots 
and Shapiro-Wilk tests. Because of non-normal distribution, 
non-parametric Wilcoxon signed ranks tests were used to 
compare groups. Spearman’s rho coefficients were used to 
test the correlation. All tests were two-sided and the statis-
tical significance threshold was set for p-values less than 
0.05. All analyses were performed using SPSS softwares 

Table 2  Radiological measurements
Variable Varus (Mean 

± SD)
Neutral 
(Mean ± SD)

Valgus 
(Mean ± SD)

Total 
(Mean 
± SD)

Preoperative goniometry
mLDFA(g) (°) 88.7 (± 2.0) 87.0 (± 2.0) 84.4 (± 2.1) 87.3 

(± 2.7)
mPTA(g) (°) 84.9 (± 2.7) 88.1 (± 2.0) 90.1 (± 2.4) 86.9 

(± 3.3)
AMA(g) (°) 6.1 (± 0.5) 6.2 (± 0.7) 5.7 (± 0.6) 6.0 (± 

0.6)
JLCA(g) (°) − 5.1 (± 2.2) – 1.1 (± 2.3) 2.5 (± 2.5) -2.4 (± 

3.9)
Preoperative AP radiographs
mLDFA(s) (°) 89.0 (± 2.4) 87.9 (± 2.4) 85.7 (± 2.8) 88.0 

(± 2.8)
mPTA(s) (°) 86.0 (± 2.6) 88.0 (± 1.5) 88.1 (± 1.6) 86.9 

(± 2.4)
JLCA(s) (°) − 5.9 (± 1.8) − 0.4 (± 3.5) 3.8 (± 2.7) -2.3 (± 

4.8)
Postoperative goniometry
mLDFA(g)’ (°) 91.1 (± 1.8) 89.8 (± 1.5) 88.9 (± 1.8) 90.3 

(± 1.9)
mPTA(g)’ (°) 90.4 (± 1.3) 91.4 (± 1.4) 92.0 (± 1.7) 91.0 

(± 1.6)
AMA(g)’ (°) 6.1 (± 0.5) 5.9 (± 0.6) 5.7 (± 0.5) 6.0 (± 

0.6)
JLCA(g)’ (°) − 0.2 (± 0.7) 0.2 (± 0.7) 0.3 (± 0.6) 0.0 (± 

0.7)
Postoperative AP radiographs
mLDFA(s)’ (°) 92.1 (± 2.4) 90.8 (± 2.0) 90.3 (± 1.8) 91.4 

(± 2.3)
mPTA(s)’ (°) 89.4 (± 1.6) 89.9 (± 1.5) 90.0 (± 1.4) 89.7 

(± 1.6)
JLCA(s)’ (°) − 0.3 (± 0.8) 0.1 (± 1.2) 0.5 (± 0.7) 0.0 (± 

0.9)
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Results

The Wilcoxon signed-rank test results indicate no statisti-
cally significant difference between ΔMPTA Gonio and ΔT 
(p = 0.206), suggesting that the paired samples are compa-
rable. In contrast, the comparison between ΔMPTA(s) on a 

(v.28.0.1.1 (15), SPSS, Inc., Chicago, IL, USA). Finally, 
the intraclass correlation coefficient (ICC) was determined 
by having the same observer repeat the measurements ten 
times on different patients over multiple days (Figs. 1, 2).

Fig. 1  Boxplot illustrating preoperative and postoperative HKA measurements obtained from goniometry
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and ΔMPTA(s) exhibits a moderate positive correlation (r 
= 0.505). In contrast, ΔDF and ΔmLDFA(s) present a very 
weak correlation (r = 0.187), (Figs. 3, 4, 5 and 6). There is 
no significant difference between JLCA(g) and JLCA(s) in 
either the preoperative (p = 0.903) or postoperative phase (p 
= 0.799) (Fig. 7).

Discussion

The main finding of this study is the significant correla-
tion between postoperative alignment and bone resection 
heights. Each one-degree increase in ΔmPTA(g) measured 
on goniometry corresponds to an average increase of 0.88 
mm in ΔT, as described by the linear regression equa-
tion (y = 0.04 + 0.88x). This relationship is supported by 
a Spearman’s correlation coefficient of r = 0.553, indicat-
ing a moderate positive association between ΔmPTA(g) 
and ΔT. We also observed a moderate positive correlation 
between ΔmPTA(s) and ΔT (r = 0.505) on AP radiographs. 

weight-bearing AP radiograph and ΔT shows a significant 
difference (p = 0.003), indicating meaningful variation. 
Likewise, highly significant differences are observed in 
ΔLDFA(g) measured by goniometry and ΔDF, as well as 
in ΔLDFA(s) from weight-bearing AP radiographs and ΔDF 
(both p < 0.001), highlighting substantial and consistent 
discrepancies in these paired measurements. Concerning 
the relation between ΔT and ΔMPTA based on goniometry 
measurements, the linear regression equation, y = 0.04 + 
0.88x, indicates that each degree increase in ΔmPTA Gonio 
corresponds to an average increase of 0.88 mm in ΔT. The 
R2 value of 0.35 suggests that 35% of the variance in ΔT 
is explained by ΔMPTA Gonio, demonstrating a moder-
ate positive linear relationship between the two variables. 
Additionally, Spearman’s correlation coefficient (r = 0.553) 
confirms that ΔMPTA(g) is a significant predictor of ΔT. 
However, 65% of the variance remains unexplained, likely 
due to other influencing factors or random variability (Fig. 
3). The relation between ΔDF and ΔmLDFA(g) shows a 
weak positive correlation (Spearman’s r = 0.350), while ΔT 

Fig. 2  Correlation between ΔmPTA measured using goniometry and ΔT

 

1 3

Page 5 of 13    364 



Archives of Orthopaedic and Trauma Surgery         (2025) 145:364 

The authors found that in varus knees with valgus femurs, 
the maximum bone resection—defined as the greater sum of 
either medial femoral and tibial resection or lateral femoral 
and tibial resection—was significantly correlated with both 
mLDFA (r = 0.927, p < 0.001) and MPTA (r = 0.211, p 
= 0.01) with regression coefficients of -0.426 and - 0.230, 
respectively [18]. However, the study did not directly ana-
lyze the correlation between bone cuts and their impact on 
angular modifications.

A comparison of our measurements reveals differences 
between the two radiologic modalities. For instance, in 
varus knees, the mean mPTA(s) measured on AP radio-
graphs is 86.0° (± 2.6), compared to mPTA(g) 84.9° (± 2.7) 
on goniometry. Likewise, the mean mLDFA(s) is 89.0° (± 
2.4) on AP radiographs versus mLDFA(g) 88.7° (± 2.0) on 
goniometry (Table 2). One possible explanation for these 
discrepancies lies in the subtle differences in patient posi-
tioning. During goniometry, patients are typically asked to 
stand with their feet together and patellae facing forward, 
promoting a more balanced stance. In contrast, standard 

Only a weak correlation between ΔLDFA(g) and ΔDF (r 
= 0.350) and a very weak correlation between ΔLDFA(s) 
and ΔDF (r = 0.187) was observed. These findings suggest 
that AP radiographs and goniometry are not reliable imag-
ing modalities for assessing the impact of bone resections 
on angle modifications in femoral bone cuts. The authors 
hypothesized that the greater ratio of diaphyseal length to 
epiphyseal width in the femur, compared to the tibia, may 
have contributed to the reduced precision of femoral angle 
measurements relative to tibial ones. Additionally, the use of 
intramedullary guides to perform distal femoral and proxi-
mal tibial cuts tends to create a balanced angular correction 
between the medial and lateral compartments. However, 
when an eccentric angular correction is applied, the result-
ing bone resection is greater on the side opposite to the ref-
erence point. This factor should be taken into account when 
analyzing the relationship between bone resection thick-
ness and angular changes. In a 2023 study, Liang Wen et al. 
examined the impact of joint line orientation on initial bone 
resection in mechanically aligned TKA using goniometry. 

Fig. 3  Correlation between ΔLDFA measured using goniometry and ΔDF
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knee joint are less affected by anatomical features that 
amplify discrepancies between anatomical and mechani-
cal TFAs [21]. In a 2020 study by Nathan et al., analyz-
ing full-leg weight-bearing radiographs from 120 patients, 
a significant difference was observed between lower limb 
alignment measurements obtained from TFA on AP radio-
graphs and HKA on full-length weight-bearing radiographs. 
Compared to full-length measurements, 46.7% of standard 
AP measurements exceeded the minimal clinically impor-
tant difference (defined by the authors as less than 2°). 
Despite these differences, the study found a strong positive 
correlation (r = 0.72) between the two alignment measure-
ment methods [22]. While extra-articular deformities, such 
as tibial or femoral shaft bowing along with the progres-
sion of knee osteoarthritis may influence joint line orien-
tation between weight-bearing anteroposterior radiographs 
and pan-goniometry, our study did not specifically assess 
these uncommon variations, which could explain the dif-
ferences in articular angulation observed between the two 
imaging modalities. Additionally, analyzing the radiologi-
cal characteristics of kinematic alignment TKA to assess the 

AP radiographs require the patient to stand barefoot with 
their back to the emitter, feet parallel, and knees slightly 
flexed, which may influence lower limb rotation and alter 
load distribution. These variations in posture could lead 
to a more symmetrical weight-bearing condition during 
goniometric imaging, potentially influencing alignment 
measurements. Due to practical and financial constraints 
limiting the use of full-limb radiographs for evaluating 
mechanical knee alignment, standard knee radiography 
remains a commonly used alternative to estimate mechani-
cal alignment. However, despite the clinical importance of 
coronal knee alignment, studies have reported significant 
variability between mechanical and anatomical alignment 
measurements [19, 20]. Analyzing 102 knees, Chang et al. 
investigated the factors influencing the differences between 
anatomical and mechanical tibiofemoral angles (TFAs). 
Their study identified lateral femoral bowing as a key factor 
contributing to variations between mechanical and anatomi-
cal TFAs, particularly in relation to gender and advanced 
osteoarthritis. They also found that anatomical TFA mea-
surements using more distant reference points from the 

Fig. 4  Correlation between ΔmPTA measured using a weight-bearing AP radiograph and ΔT
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particularly when the load-bearing axis shifts outside the 
articular surface [23]. In our mechanically aligned cohort, 
postoperative JLCA values were neutral across both radio-
graphic modalities—JLCA(g)’ (0.0 ± 0.7) and JLCA(s)’ (0.0 
± 0.9) (Table 2)—which contrasts with findings typically 
observed in kinematic alignment approaches. A study by P. 
McEwen et al., published in 2019, analyzed the effects of 
kinematic TKA with cruciate-retaining implants, on JLCA 
changes observed in plain radiographs, as well as on lat-
eral flexion and extension gaps, using a navigation system 
in 192 procedures. Their main finding was that knees with 
lateral flexion laxity greater than 2 mm demonstrated sig-
nificantly better scores on various outcome measures. They 
reported post-operative JLCA values of − 1.1 (± 0.8) for 
varus, − 0.2 (± 0.8) for neutral, and 0.5 (± 0.7) for valgus (p 
< 0.001, ANOVA), but found no correlation between JLCA 
and any PROM score. Compared to our findings (−0.2 ± 
0.7 for varus), kinematic alignment results in a more pro-
nounced JLCA in varus, while values for neutral (0.2 ± 0.7) 
and valgus (0.3 ± 0.6) alignments remain comparable [24]. 
These findings are consistent with those of Nowakowski 

correlation between angular modifications and bone cuts, 
which are expected to be equal [2], could provide valuable 
insights when comparing AP radiographs and goniometry.

JLCA values obtained from goniometry closely matched 
those from weight-bearing AP radiographs. The absence of 
significant differences between JLCA(g) and JLCA(s) in 
both the preoperative (p = 0.903) and postoperative phases 
(p = 0.799) suggests that these measurements are consis-
tent and interchangeable. This supports the reliability of 
JLCA assessment using either goniometry or weight-bear-
ing radiographs, making both modalities valid indicators 
of coronal plane laxity. Moreover, in preoperative valgus 
knees, a mean difference of 1.3° was observed between 
JLCA(g) (2.5° ± 2.5) and JLCA(s) (3.8° ± 2.7), suggest-
ing the presence of medial laxity in valgus deformities. 
These findings are consistent with those reported by Pater-
nostre et al., who highlighted that the dynamic load during 
weight-bearing tends to increase the HKA angle due to soft 
tissue laxity on the convex side of the deformity, both in 
varus and valgus knees. This effect is more pronounced in 
patients with advanced osteoarthritis (KL stages 3 and 4), 

Fig. 5  Correlation between ΔLDFA measured using Schuss and ΔDF
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to achieve parallelism between the MPTA and LDFA, leads 
to a neutral postoperative JLCA (Tables 3, 4, 5, 6, 7).

Our findings provide valuable guidance for knee sur-
geons using conventional instrumentation, particularly those 
employing caliper-based kinematic alignment, to adjust tib-
ial varus/valgus alignment during surgery. By considering 
the impact of a one-millimeter difference between the inter-
nal and external tibial cuts on frontal tibial alignment, sur-
geons can adjust the mPTA and knee balance accordingly, 
with the assistance of a caliper. Based on our results, we 
recommend caution when modifying femoral alignment due 
to the weak correlation between ΔLDFA gonio or ΔLDFA(s) 
and ΔT. In the light of Howell et al.‘s results, we suggest 
that the learning curve for routinely using a caliper may be 
relatively short [7].

This study presents several limitations. First, potential 
errors in radiological measurements due to rotational mal-
positioning and fixed flexion contractures cannot be entirely 
excluded. Advanced imaging techniques, such as the EOS 
system, may provide greater accuracy in these cases [28]. 

(2011), who analyzed flexion and extension frontal laxity 
in ten cadaveric knees using a tensioning device. The study 
revealed that the lateral compartment could be stretched 
more than the medial (P < 0.001), with significantly greater 
corresponding flexion gap values. While kinematic align-
ment seeks to restore the native pre-arthritic deformation in 
extension and for knees with similar stability, varus TKA 
tends to open the lateral compartment more easily, whereas 
valgus TKA affects the medial compartment [25]. The study 
by Jia et al. demonstrates that, regardless of the accuracy 
of varus alignment correction during total knee arthroplasty 
(TKA), the tension in the internal and external soft tissues 
can be remodeled in the early postoperative period [26]. 
However, this adjustment does not significantly impact the 
alignment of the lower limbs. This finding is consistent 
with the results of Hatayama et al.‘s study, which shows 
that residual varus alignment does not lead to increased lat-
eral relaxation even after five years of follow-up [27]. Our 
results demonstrate that mechanical alignment, which aims 

Fig. 6  Boxplot comparing preoperative and postoperative JLCA measurements from goniometry (JLCA(g)) and weight-bearing AP radiographs 
(JLCA(s))
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cohort, without randomization for factors such as age, gen-
der, or ethnic background, which may introduce selection 
bias. Another limitation of this study is the lack of data on 
pre- and peroperative soft tissue laxity, which prevented us 
from performing a multivariate regression analysis to exam-
ine the influence of factors such as age, BMI, and deformity 
severity on the soft tissues. This methodological discrep-
ancy could impact the accuracy of the correlation analysis.

Second, due to our limitations in resources, conducting a 
second evaluation by another observer of the numerous 
radiological parameters falls outside the scope of this study, 
which limits our analysis in the absence of assessing inter-
observer variability. However, the intraclass correlation 
coefficient in this study is relatively high, indicating good 
measurement reliability. Moreover, having a single expe-
rienced evaluator reduces variability and resource require-
ments, enhancing the study’s feasibility. Third, this was 
a prospective study conducted on a retrospective patient 

Fig. 7  Correlation matrix
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Conclusion

A moderate correlation was observed between the mPTA 
angles and the thickness of the tibial cuts, with approxi-
mately 1 mm of thickness change corresponding to each 1° 
of angular correction. In contrast, no similar correlation was 
found for the femoral cuts, highlighting the need for caution 
when applying the same principles in preoperative planning.

Table 3  Descriptive statistics
Variable N Mean Std. 

Deviation
Minimum Maxi-

mum
HKA(g) 
Pre-op

130 177.224 7.6464 162.1 194.3

HKA’(g) 
Post-op

130 180.513 2.9788 174.7 187.2

JLCA (g)
Pre-op

130 − 2.369 3.9411 − 12.1 7.6

JLCA’ (g)
Post-op

130 − 0.002 0.6993 − 2.0 1.7

JLCA (s)
Pre-op

130 − 2.302 4.7925 −9.3 8.5

JLCA’ (s)
Post-op

130 − 0.024 0.9218 −5.5 3.0

ΔT 130 3.69 4.226 − 10 16
ΔDF 130 1.18 2.372 − 5 11
ΔmPTA (g) 130 4.125 2.8271 − 3.9 10.8
ΔmPTA (s) 130 2.719 2.5096 − 8.9 8.5
ΔLDFA (g) 130 3.041 2.2928 − 2.8 10.7
ΔLDFA (s) 130 3.431 2.9354 − 3.0 14.1

Table 4  Measurements bone resection cuts
Variable Varus (Mean 

± SD)
Neutral 
(Mean ± 
SD)

Valgus 
(Mean ± 
SD)

Total 
(Mean 
± SD)

Distal femoral 
internal (mm)

7.9 (± 1.6) 8.3 (± 2.5) 7.7 (± 2.0) 8.0 (± 
1.2)

Distal femoral 
external (mm)

7.3 (± 1.7) 6.8 (± 1.3) 5.6 (± 1.9) 6.8 (± 
1.8)

Proximal tibial 
internal (mm)

4.2 (± 2.5) 4.7 (± 2.4) 5.6 (± 2.8) 4.6 (± 
2.6)

Proximal tibial 
external (mm)

9.7 (± 2.8) 7.0 (± 3.0) 6.4 (± 2.8) 8.3 (± 
3.2)

Table 5  Wilcoxon signed ranks test
Variable Z Asymp. Sig. (2-tailed)
JLCA (s)– JLCA (g)
Pre-op

− 0.121a 0.903

JLCA’ (s)– JLCA’ (g)
Post-op

− 0.255a 0.799

ΔmPTA(g) - ΔT −1.264b 0.206
ΔmPTA(s) - ΔT − 3.020a 0.003
ΔLDFA(g) - ΔDF − 7.055b < 0.001
ΔLDFA(s) - ΔDF − 6.663b < 0.001
aBased on positive ranks
bBased on negative ranks

Table 6  Intra class correlation
HKA mLDFA mPTA AMA JLCA

ICC 0.999 0.993 0.977 0.982 0.995
ICC (CI 5%) 0.998 0.978 0.933 0.946 0.985
ICC (CI 95%) 1.000 0.999 0.997 0.998 0.999

Table 7  Correlation matrix
ΔT ΔmPTA(g) ΔmPTA(s) ΔDF ΔLDFA(g) ΔLDFA(s)

Spearman’s rho
ΔT Correlation Coefficient –

Sig (2-tailed)
N 130

ΔmPTA(g) Correlation Coefficient 0.553** –
Sig (2-tailed) < 0,001
N 130 130

ΔmPTA(s) Correlation Coefficient 0.505** 0.682** –
Sig (2-tailed) < 0.001 < 0.001
N 130 130 130

ΔDF Correlation Coefficient −0.050 −0.166 −0.137 –
Sig (2−tailed) 0.574 0.059 1.21
N 130 130 130 130

ΔLDFA(g) Correlation Coefficient −0.094 −0.028 −0.021 0.350** –
Sig (2−tailed) 0.287 0.751 0.815 < 0.001
N 130 130 130 130 130

ΔLDFA(s) Correlation Coefficient −0.025 0.021 0.116 0.187* 0.347** –
Sig (2−tailed) 0.774 0.814 0.188 0,034 < 0,001
N 130 130 130 130 130 130

* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)
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