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ABSTRACT 

 

Biomechanical effect of anatomical tibial component design on stress 

shielding of medial proximal tibial bone in total knee arthroplasty: 

finite element analysis of 30 Korean models 

 

Byung Woo Cho 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Kwan Kyu Park) 

 

 

Purpose 

This study aimed to identify the effect of anatomical tibial component (ATC) 

design on stress distribution in the proximal tibia of Koreans using finite element 

analysis (FEA).  

Materials and Methods 

Three-dimensional (3D) finite element models of 30 tibias were created using 

modified tetrahedral ten-node elements. A symmetric tibial component (STC, 

NexGen LPS-Flex) and an ATC (Persona) were used in surgical simulation. We 

compared the FEA measurements (stress and strain) around the stem tip and in 

the medial half of the proximal tibial bone, as well as the distance from the distal 

stem tip to the shortest anteromedial cortical bone. Then, correlations between 

this distance and FEA measurements were analyzed. 

Results 

The distance from the distal stem tip to the shortest cortical bone showed no 

statistically significant difference between implants. However, the peak von 

Mises stress around the distal stem tip was higher with STC than with ATC. In 

the medial half of the proximal tibial bone, the peak von Mises stress showed no 
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statistical difference between two implants; but the average von Mises stress, 

maximum principal strain, and minimum principal strain were higher with ATC. 

Both implants showed a negative correlation between the distance and peak stress 

around the distal stem tip. In the medial half of the proximal tibial bone, ATC 

showed a positive correlation between the distance and average von Mises stress 

and a negative correlation between the distance and average minimum principal 

strain. STC showed no correlation between the distance and average values in the 

medial half of the proximal tibial bone. 

Conclusion 

Implant design, including the medialized stem and the anatomic shape of the 

baseplate, affects the distribution of stress and strain on the proximal tibia. In 

Korean women, the medialized stem of ATC does not come closer to the cortical 

bone and transmits more stress and strain to the proximal tibial bone than STC 

does. However, unlike STC, the shorter the distance between the stem and the 

anteromedial cortical bone, the less stress and strain applied to the medial 

proximal cutting plane in ATC. Therefore, when using ATC, stress shielding 

should be considered in patients with severe anatomical variations or in cases of 

surgical error. 

 

 

 

 

 

 

 

 

                                                            

Key words: total knee arthroplasty, finite element analysis, anatomical 

tibial component, stress shielding, medial proximal tibial bone loss 
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I. INTRODUCTION 

Total knee arthroplasty (TKA) shows excellent results in the treatment of end-

stage knee osteoarthritis. With increased life span after TKA, interest in the 

longevity of artificial joints has increased, and various devices are being 

developed accordingly. Recently, an anatomical tibial component (ATC) that 

intends to enhance clinical outcomes has been introduced. This implant 

comprises a medialized stem (Fig. 1-A) and an anatomically shaped baseplate 

(Fig. 1-B), similar to the human tibia. Although this design is used worldwide, 

certain races and situations may show variations that differ from the 

manufacturer’s expectations.  

 

Figure 1. (A) Medialized stem and (B) asymmetric baseplate of an 

anatomical tibial component. 
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The tibial canal is biased medially in Caucasians1,2, and ATC was designed to 

achieve optimal alignment with a medialized stem. However, in Asians, the tibial 

canal is biased anterolaterally from the center of the tibial plateau,3 such that a 

medially offset stem can induce mismatched alignment4, causing stress shielding 

and bone loss5. According to previous literature, there should be less bone loss 

with an ATC with a shorter stem, thinner baseplate, and more tibial plateau 

coverage, relative to conventional implants6-8. Cho et al. reported that ATC is 

more likely to induce medial tibial bone loss than a symmetric tibial component 

(STC) due to stress shielding in Korean patients5. Regarding this matter, they 

suggested that inefficient stress transfer due to a medialized stem may be one of 

the causes5. However, due to the inherent limitations of their retrospective 

observational study, a clear mechanism has not been identified. 

Finite element analysis (FEA) is a computational procedure used for stress 

analysis of complex structures in the biomedical engineering field. It has been 

used in analyzing mechanical stimuli alterations according to the implant design, 

material, and surgical methods that affect stress shielding in total hip 

arthroplasty9,10 and TKA11,12. In clinical practice, controlling factors that affect 

stress shielding of the bone around an implant is almost impossible. Therefore, it 

is believed that surgical simulation using FEA would help analyze stress 

shielding according to ATC characteristics.   

The present study aimed to identify the effect of ATC design on stress distribution 

in the proximal tibias of Koreans using FEA. We hypothesized that an ATC with 

a medialized stem will have higher stress values between the stem distal tip and 

medial cortical bone compared to an STC, thereby reducing strain on the 

proximal tibial bone. 

 

II. MATERIALS AND METHODS 

1. Data collection 

With approval from our institutional review board, 30 patients undergoing TKA 
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using an ATC (Persona, Zimmer, Warsaw, IN, USA) were retrospectively 

enrolled. Since the stem was 1–4 mm medialized, depending on the size of the 

tibial component, only patients with size D were enrolled. Preoperative computed 

tomography image data were stored in the Digital Imaging and Communications 

in Medicine (DICOM; National Electrical Manufacturers Association, Rosslyn, 

Virginia) format.  

 

2. Finite element model and surgical simulation 

The acquired DICOM data were imported into Mimics software (version 21.0; 

Materialize, Leuven, Belgium). In Mimics software, the marching squares 

algorithm is used for thresholding and segmenting anatomic structures of interest 

according to a predetermined grayscale value13. A well-trained technician 

segmented the areas of interest by applying manual and automated thresholding 

techniques to the raw DICOM data. An attending orthopedic doctor guided and 

supervised the technician.  

Three-dimensional (3D) finite element models (FEMs) were created using 

modified tetrahedral ten-node elements with ABAQUS software (ABAQUS Inc., 

Providence, RI, USA). It was assumed that the tibial component and tibial bone 

were completely fixed. The isotropic material values (Young’s modulus of 

elasticity and Poisson’s ratio ν) were as follows: cancellous bone (0.7 GPa, 0.30), 

cortical bone (17 GPa, 0.30), cement (2.2 GPa, 0.46), and Ti6AL4V (110 GPa, 

0.30)14. The thickness of the cortical bone and cement was set to 2 mm. The load 

was set to approximately 2,000 N, considering that thrice the load is applied in 

the late stance phase when a 70 kg adult walks. The load was divided into 7:3 

ratios on the medial and lateral condyles, respectively14-16. A mesh convergence 

analysis of maximum displacement in the FEMs was assessed, similar to a 

previous study17. The convergence rate of maximum displacement was <0.1% in 

all models. The number of elements was as follows: tibial plate, 151,902; cement, 

48,654; cortical bone, 293,444; and cancellous bone, 425,015. 
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The surgical simulation was performed as follows. The tibial shaft was defined 

as a line connecting the center between the tibial spines and the center of a sphere 

fitted to the talocrural joint. The proximal tibia was cut perpendicular to the tibial 

shaft with a posterior slope of 3°; the cutting level was set to 8 mm from the 

highest side of the tibial plateau (all lateral condyles in this study). During implant 

insertion, the anteroposterior position was aligned with the anterior border, and 

the mediolateral position was placed in the middle.  

The rotation of tibial components was aligned to the line between the center of 

posterior cruciate ligament footprint and medial third of the tibial tubercle. An 

STC (NexGen LPS-Flex size 3) and ATC (Persona size D) from a single 

manufacturer (Zimmer, Warsaw, IN, USA) were used (Fig. 2). The specifications 

of these implants are presented in Table 1.  

 

 

 

Figure 2. Baseplate shape and sagittal view of (A) ATC and (B) STC. a: 

Distance from anterior border to stem center at baseplate. b: Stem diameter 

at distal tip. c: Sagittal angle between stem axis and baseplate. 
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Table 1. Specifications of both implants 

 ATC (Persona 

D) 

STC (NexGen 

3) 

Baseplate medio-lateral length 67.1 mm 66.5 mm 

Baseplate thickness 3.68 mm 4.18 mm 

Stem length 31.4 mm 39.7 mm 

Material  Titanium Titanium 

Sagittal angle between stem axis and 

baseplate 
5° 7° 

Stem diameter at distal tip (metal part) 14.2 mm 14.48 mm 

Distance from anterior border to stem 

center at baseplate 
13.05 mm 12.3 mm 

ATC, anatomical tibial component; STC, symmetric tibial component. 

 

3. Finite element model measurements 

When each implant was inserted and load applied, the stress concentration and 

the risk of bone resorption around the distal stem tip and in the medial half of the 

proximal tibial bone were evaluated 14,18-20. To evaluate the stress concentration 

around the stem distal tip and 5-mm thick medial half of proximal tibial bone, the 

peak von Mises stress among the cancellous bone elements was measured (Fig. 

3). To evaluate the risk of bone resorption to the tibial cutting plane, the average 

von Mises stress and average principal strains of the 5-mm thick proximal medial 

half cancellous bone were measured.  
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Figure 3. (A) Von Mises stress plot for cancellous bone around the distal stem 

tip. (B) Von Mises stress plot for the medial half of 5-mm thick proximal 

tibial bone. 

 

When each implant was inserted, the distance from the distal stem tip to the 

shortest anteromedial cortical bone was measured and analyzed. The distance was 

measured on a plane perpendicular to the stem axis passing through the most 

distal part (Fig. 4). To evaluate intra- and inter-observer reliability of distance 

measurements, the models were evaluated by two blinded orthopedic surgeons at 

4-week intervals. 



9 

 

 

Figure 4. Surgical simulations of (A) ATC and (B) STC in the same patient. 

(C) The plane perpendicular to the stem axis at the most distal end. d: The 

shortest distance between distal stem tip and anteromedial cortical bone. 

 

 

4. Statistical analysis 

A paired t-test was performed to compare the differences in stress, strain, and 

distance according to implant type. Pearson correlation analysis was performed 

to evaluate the relationship between distance and FEA measurements. Statistical 

analysis was performed using SPSS statistical software (version 25.0, SPSS, 

Chicago, IL). Statistical significance was set at P <0.05. The intra- and inter-

observer reliabilities of the measurements were assessed using intra-class 

correlation coefficients. 
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III. RESULTS 

Patient demographics are shown in Table 2. All patients were female, and 15 

knees (50%) were right-sided. The mean age was 71.2 ± 5.9 years (range 59–79 

years); the mean height was 154.9 ± 4.7 cm (range 149.1–165.0 cm); and the 

mean body mass index was 27.3 ± 3.4 kg/m² (range 22.2–33.2 kg/m²). 

 

Table 2. Patient demographics 

 % or Mean ± SD Range 

Female sex (%) 100 - 

Right knee (%) 50 - 

Age (years) 71.2 ± 5.9 59 to 79 

Height (cm) 154.9 ± 4.7 149.1 to 165.0 

BMI (kg/m²) 27.3 ± 3.4 22.2 to 33.2 

SD, standard deviation; BMI, body mass index. 

 

Table 3 shows the stress, strain, and distance measurements when ATC and STC 

were inserted. The distance from the distal stem tip of the two implants to the 

shortest cortical bone showed no statistically significant difference (ATC 3.91 ± 

1.07 mm and STC 3.91 ± 1.18 mm, p=0.979). However, the maximum von Mises 

stress near the distal stem tip was higher with STC than with ATC (5.52 ± 0.64 

MPa and 4.41 ± 0.39 MPa, p<0.001). In the medial half of the proximal tibial 

bone, the peak von Mises stress showed no statistical difference between the two 

implants (ATC 2.66 ± 0.64 and STC 2.71 ± 0.61, p=0.247); but the average von 

Mises stress, maximum principal strain, and minimum principal strain were 

higher with ATC (ATC 0.453 ± 0.021 and STC 0.404 ± 0.017, p<0.001; ATC 

305 ± 14 and STC 272 ± 9, p<0.001; ATC -622 ± 32 and STC -553 ± 29, 

p<0.001). 
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Table 3. Results of paired t-test between ATC and STC 

 ATC  STC 

p-value Mean ± SD 

(range) 

Mean ± SD 

(range) 

Distance between stem tip 

and cortical bone (mm) 

3.91 ± 1.07 

(1.59 to 6.05) 
 

3.91 ± 1.18 

(1.13 to 5.61) 
0.979 

Around stem tip area     

Peak von Mises stress 

(MPa) 

4.41 ± 0.39 

(3.70 to 5.47) 
 

5.52 ± 0.64 

(4.18 to 7.49) 
<0.001 

Medial half of proximal 

tibial bone 
    

Peak von Mises stress 

(MPa) 

2.66 ± 0.64 

(1.83 to 4.39) 
 

2.71 ± 0.61 

(1.66 to 3.87) 
0.247 

Average von Mises stress 

(MPa) 

0.453 ± 0.021 

(0.405 to 0.487) 
 

0.404 ± 0.017 

(0.373 to 0.428) 
<0.001 

Average maximum 

principal strain (μstrain) 

305 ± 14 

(282 to 335) 
 

272 ± 9 

(253 to 290) 
<0.001 

Average minimum 

principal strain (μstrain) 

-622 ± 32 

(-674 to -546) 
 

-553 ± 29 

(-596 to -550) 
<0.001 

ATC, anatomical tibial component; STC, symmetric tibial component; SD, 

standard deviation. 

*Minimum principal strain was expressed as a negative value. 

*Bold, p<0.05. 

 

Table 4 shows the correlation between the distance from the distal stem tip to 

the cortical bone and stress/strain measurements. ATC and STC showed a 

negative correlation between this distance and peak stress around the distal stem 

tip (ATC r=-0.459, p=0.014; STC r=-0.536, p=0.003). In the medial half of the 
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proximal tibial bone, ATC showed a positive correlation of distance with the 

average von Mises stress (r=0.434, p=0.021) and a negative correlation of 

distance with the average minimal principal strain (r=-0.417, p=0.027). STC 

showed no correlation between distance and average values in the medial half of 

the proximal tibial bone. 

 

 Table 4. Results of Pearson correlation between the distance from distal 

stem tip to cortical bone and stress/strain measurements  

ATC, anatomical tibial component; STC, symmetric tibial component; SD, 

standard deviation. 

*Bold, p<0.05. 

 

The intra- and inter-observer reliabilities for the distance measurement were 

0.975 and 0.872, respectively. 

 

IV. DISCUSSION 

Using FEA, we investigated whether the differences in implant design affect the 

distribution of stress and strain to periprosthetic bone. Although the stem of ATC 

was medialized, the distance to the shortest cortical bone in Korean women did 

not differ from that of STC due to the length and sagittal angle of the stem. When 

Correlation with distance 
ATC STC 

r p-value r p-value 

Around stem tip area     

Peak von Mises stress -0.459 0.014 -0.536 0.003 

Medial half of proximal tibial bone     

Peak von Mises stress 0.044 0.825 0.166 0.400 

 Average von Mises stress 0.434 0.021 0.293 0.130 

 Average maximum principal strain 0.254 0.191 0.140 0.479 

Average minimum principal strain -0.417 0.027 -0.291 0.133 
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the same body weight was applied to the FEM of Korean women, ATC had a 

lower peak stress on the distal stem tip and higher average strain and stress on the 

medial half of the proximal tibial bone compared to STC, which is more 

advantageous in preventing stress shielding. Therefore, the hypothesis that stress 

concentrations around the distal stem tip and reductions in the load on the 

proximal tibial bone were due to the medialized stem of ATC was rejected. 

If new biomechanics different from the natural knee are formed after joint 

replacement surgery, the distribution of load around the implant is also changed. 

Changes in load distribution can further lead to changes in periprosthetic bone 

remodeling9,18 and there is a risk of stress shielding in areas where the load is less 

than that of the natural knee. Subsequent periprosthetic bone loss can potentially 

affect implant stability and lead to mechanical failure21. The factors contributing 

to stress shielding after TKA have been divided into three main categories. First, 

surgical factors, including postoperative lower extremity alignment22, rotational 

alignment of the tibial component11, coronal alignment of the tibial component23, 

mediolateral baseplate position24, and the presence of underhang8, can contribute 

to stress shielding and bone loss after TKA. Second, host factors, such as the 

presence of sclerotic bone25 and bone mineral density26, are also known to affect 

load distribution. Third are implant factors, such as material and design. Since 

body weight is transmitted to the tibia through the tibial component in TKA, 

differences in implant characteristics can directly impact load distribution. Since 

cobalt-chromium alloys have a higher modulus of elasticity than titanium alloys, 

stress shielding occurs more in the surrounding bone6,12,27; and the thicker the 

baseplate, the more likely bone loss will occur7. The shape of the component can 

also affect the distribution of load, which is related to the patient’s anatomic 

geometry. As these various factors work together, most clinical studies analyzing 

the effect of implant design have found it impossible to control for other 

confounders. Therefore, in many previous studies, FEA was essential to evaluate 

the effect of implant factors. However, since most FEA studies have used one or 
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a small number of models, there is a limitation in that they do not reflect the 

anatomical diversity between patients. If only one FEM is used, determining the 

effect of different proximal tibial bone geometries for each patient would be 

impossible. Therefore, we implemented FEA to control for surgical and host 

factors and created 30 models to reflect the bony geometry of Koreans. 

Contrary to expectations, there was no difference in the shortest distance to the 

anteromedial cortical bone between implants in spite of medialized stem of ATC. 

This was due to the difference in stem length and sagittal angle between stem axis 

and baseplate (Table 1). In ATC, the stem is biased 1.5 mm, while the distal stem 

tip is located proximally and anteriorly due to the short stem length and smaller 

sagittal angle (Fig. 5-A). Therefore, although the distal stem tip of ATC was 

located anteromedially compared to that of STC, there was no difference in the 

shortest distance since the anteromedial cortical bone had an oblique orientation 

(Fig. 5-B). 

 

 

Figure 5. (A) Schematic composite image showing the positional relationship 

of the center point of the stem tip metal portion when ATC and STC are 

inserted with the same reference. (B) Due to the oblique orientation of 

anteromedial cortical bone, there is no difference in the shortest distance 

between two implants. 
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When each implant was inserted, there was a difference in the ratio of load 

distribution to the distal stem tip and the proximal cutting plane according to the 

design. Compared to STC, more stress and compressive strain (minimum 

principal strain) were applied to the proximal medial tibial bone in patients with 

ATC. This result can be explained by the following reasons. First, since the 

medial part of the ATC baseplate has a larger area than the lateral part, a relatively 

larger load is transferred to the medial half of the proximal tibial bone. Second 

reason may be the difference in overhang rates between implants. In the 3D 

simulation study of Ma et al., STC showed a higher overhang rate (42-48%) for 

the tibial cutting plane compared to ATC (3-7%)28 when the implant was aligned 

along the medial 1/3 of tibial tubercle, as in our study. Since cortical bone is 

stiffer than cancellous bone and bears a lot of stress29, more load is transferred to 

the cortical bone when the overhang occurs. In STC, a large load is distributed in 

the cortical bone of the lateral half of the proximal tibial bone, and a relatively 

smaller load is applied to the medial half of the cancellous bone.  

As aforementioned, ATC shows more peak stress and compressive strain in the 

medial proximal tibial bone, which is more advantageous in preventing stress 

shielding in the relevant region20,30. This is contrary to the study by Cho et al., 

which showed more proximal medial tibial bone loss in ATC5. It can be also 

explained by the following two reasons. First, this study was implemented in an 

experimental setting which controlled the surgical and host factors. For example, 

in the multiple logistic regression analysis by Cho et al., when the fin of the 

proximal tibial stem was fitted to the medial sclerotic bone area, the odds of 

medial tibial bone loss were 3.79. However, since the existence of sclerotic bone 

was excluded in our simulation, the effect could not be analyzed. Therefore, ATC 

with a short stem, thin base plate, and efficient stress distribution may show the 

opposite result by sclerotic bone, which will be another topic for future research. 

Second, there was a difference in the stress/strain change of the proximal medial 

tibial bone according to the distance between the distal stem tip and the 
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anteromedial cortical bone. With ATC, as the distance decreased, the average von 

Mises stress and compressive strain of the medial half of the proximal tibial bone 

decreased. However, with STC, the distance and average stress/strain of the 

medial half of the proximal tibial bone were not correlated. Therefore, 

theoretically, if the distance is decreased due to large anatomical variations (e.g., 

severe proximal tibial bowing or large tibial shaft offset) or surgical errors 

(coronal alignment or mediolateral position), ATC is more likely to be negatively 

affected by stress transfer to the proximal tibial bone compared to STC. Also, the 

cortical rim of the proximal cutting plane involved in overhang affects stress 

distribution, and this may be one of the reasons why ATC has caused medial 

proximal tibial bone loss in actual clinical studies. 

In previous FEA studies, stress and strain (or strain energy density) were used 

to predict bone resorption20,24,31 of the periprosthetic bone. Since most of the 

studies utilize one or a limited number of FEMs, they try to predict bone 

resorption based on specific thresholds, but these values vary from study to 

study9,30,32. This is because bones respond differently to load depending on race, 

gender, age and situations. Therefore, our study obtained the average 

measurements of 30 Korean women, and tried to judge the possibility of bone 

resorption through statistical comparison, not based on a specific threshold. 

However, since it is not yet known whether the difference in the average 

measurements of the elements in the region of interest causes a difference in 

actual bone resorption, a longitudinal experimental study is required in the future. 

Our study had several limitations. First, only Korean women were enrolled. 

Since the distribution of stress and strain according to the positional relationship 

between the implant and proximal tibial bone geometry was analyzed, the results 

may differ when targeting men33,34 or other races3 with different anatomy. Second, 

since every implant has a different design, our results cannot be generalized to 

other products. As the specifications for each implant can differ, it is likely to 

result in different stress distribution. Third, since the analysis was conducted in a 
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simulated experimental setting, the results may be different in in vivo settings 

wherein host and surgical factors are involved. However, this was also a strength 

of our research. The isolated biomechanical effect of implant design on Korean 

women was reported for the first time. Another strength of our study is that 30 

FEMs were used differently from the previous FEA studies. This enabled our 

study to use statistical analysis and to reflect the anatomical diversity of Korean 

women. 

 

V. CONCLUSION 

Implant design, including medialized stem and the anatomic shape of the 

baseplate, affects the distribution of stress and strain on the proximal tibia. In 

Korean women, the medialized stem of ATC does not come closer to the cortical 

bone, contrary to concerns, and transmits more stress and strain to the proximal 

tibial bone compared to STC. However, unlike STC, the shorter the distance 

between the stem and the anteromedial cortical bone, the less stress and strain 

applied to the medial proximal cutting plane in ATC. Therefore, when using ATC, 

stress shielding should be considered in patients with severe anatomical 

variations or in cases of surgical error. 
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ABSTRACT(IN KOREAN) 

인공슬관절전치환술에서 내측 근위 경골부의 응력차폐 현상에 해

부학적 경골 치환물이 미치는 생체역학적 영향: 한국인 모델 30

례 유한요소분석 

 

 

<지도교수 박 관 규> 

 

연세대학교 대학원 의학과 

 

조 병 우 

 

목적 

본 연구는 유한요소분석법을 이용하여 한국인의 근위 경골의 응력 

분포에 해부학적 경골 치환물 (ATC)가 미치는 영향을 밝히는 것을 

목적으로 한다.  

재료 및 방법 

10개의 절점을 가진 수정된 사면체 요소를 이용하여 30개의 경골의 

3차원 유한요소모델을 생성하였다. 수술 시뮬레이션에는 대칭형 경골 

치환물 (STC, NexGen LPS-Flex)과 ATC (Persona)가 사용되었다. 두 

치환물의 원위스템부와 내측 근위 경골부에서 유한요소분석 측정치 

(응력과 변형률), 원위 스템부에서 전내측 경골피질골까지의 거리를 

구하여 통계적으로 비교하였다. 그리고 거리와 유한요소분석 

측정치의 상관성을 분석하였다. 

결과 

스템 원위부에서 가장 가까운 전내측 경골피질골까지의 거리는 두 

치환물간에 통계적 차이가 없었다. 하지만, 스템 원위부에서의 최대 

응력은 STC가 ATC 보다 높았다. 내측 근위 경골부에서, 최대 응력은 
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두 치환물 간 통계적 차이가 없었다. 하지만 평균 응력, 평균 

최대주변형률, 평균 최소주변형률은 ATC가 더 높았다. 두 치환물 

모두 거리와 스템 원위부 주변 최대응력 사이에 음의 상관관계를 

보였다. 내측 근위 경골부에서 ATC는 거리와 평균 응력간의 양의 

상관관계, 거리와 평균 최소주변형률간에 음의 상관관계를 보였다. 

STC는 거리와 근위 내측 경골부의 유한요소분석 측정치들과 

상관관계를 보이지 않았다.  

결론 

내측 전위스템, 베이스플레이트의 해부학적 형태를 포함한 치환물의 

디자인은 근위 경골부의 응력과 변형률 분포에 영향을 미친다. 

한국인 여성에서, ATC는 내측전위스템을 가지고있지만 STC에 비해서 

스템 원위부가 전내측 경골피질골과 더 가깝지 않다. 그러나 ATC는 

STC와 다르게 거리가 짧아질수록 내측 근위 경골부에 주어지는 

응력과 변형률도 감소하게 된다. 따라서 ATC를 사용할 때 심한 

해부학적 변형이 있는 환자나 수술 오류가 발생할 경우 응력 차폐의 

가능성을 고려해야 한다. 
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