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Three Dimensional Analysis for the Intramedullary Canal Axis of
the Proximal Tibia: Clinical Relevance to Total Knee Arthroplasty

Sang Jun Song, M.D., and Choong Hyeok Choi, M.D.*
Department of Orthopedic Surgery, College of Medicine, Kyung Hee University,

Department of Orthopedic Surgery, College of Medicine, Hanyang University*, Seoul, Korea

P u r p o s e : To evaluate the appropriate entry point of an intramedullary tibial cutting guide in total 
knee arthroplasty in Koreans by measuring the "intramedullary canal axis" of the proximal tibia in 
three dimensions.
M a t e r ia ls  a n d  M e t h o d s :  Computed tomography was performed on 116 lower extremities from the 
hip to the ankle on 58 Korean cadavers. A three dimensional image of the tibia was reconstructed 
using the program, Bionix version 3.3. The location of intramedullary canal axis of proximal tibia 
passing through tibial plateau, canal axis center 1 (CAC 1), was measured. The β’ angle was defined 
as the angle between the tibial anatomical axis and a line perpendicular to the knee joint line. The 
correlations between the β’ angle and the CAC 1 mediolateral coordinates were analyzed.
R e s u lt s :  The CAC 1 is located on 56.3%  from the medial cortex and 27.8%  from the anterior cortex 
on the average. O n average, the CAC 1 was located 1.2 mm medially and 15.9 mm anteriorly from 
the lateral tibial spine 1. The β’ angles and medial-lateral coordinates of the CAC 1 showed a 
significant positive correlation (r=0.418, p=0.000).
C o n c lu s io n :  W hen using an intramedullary guide for tibial cutting in total knee arthroplasty in 
Koreans, the entry point at the lateral and anterior positions from the surface center of the tibial 
plateau is appropriate. The lateralization of the entry point of intramedullary tibial cutting guide 
becomes necessary as the varus of the tibia becomes more severe. Because of the marked 
variability in the CAC 1, a preoperative evaluation of the CAC 1 needs to be carried out in order 
to properly locate the appropriate entry point of the intramedullary tibial cutting guide in total knee 
arthroplasty.

K e y  W o r d s :  Tibia, Intramedullary canal axis, 3D  computed tomography, Total knee arthroplasty
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  2. 연구방법

  1) 전산화 단층 촬영 검사
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  2) 3차원적 모형화
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Fig. 1. The surface involving the transepicondylar axis is pro-
jected in the superior perspective of the tibial plateau and in the 
imaginary cut surface 10 mm below the lateral tibial plateau.
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Fig. 2. Measured morphological parameters on the tibial plateau 
in the superior perspective. CAC 1, Canal axis center 1, is the 
location of intramedullary canal axis of the proximal tibia passing 
through the tibial plateau. LTS 1 is the location of the lateral tibial 
spine. SC 1, Surface center 1, is the anteroposterior and 
mediolateral center on the tibial plateau.
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Fig. 4. Mathematically calculated canal axis center. The canal 
axis center was calculated using a least-squares fit to describe 
a line through the centroids.
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Fig. 3. Measured morphological parameters on the imaginary cut 
surface, 10 mm below the lateral tibial plateau in the superior 
perspective. CAC 2, Canal axis center 2, is the location of the 
intramedullary canal axis of the proximal tibia passing through an 
imaginary cut surface. SC 2, Surface center 2, is the anter-
oposterior and mediolateral center.
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  3) 경골 고평부의 해부학적 변수
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Table 1. Anatomical Parameters of Males and Females󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Parameters Male (n=28) Female (n=30) p-value󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

Age (years) 49.3 53.3 0.040
Stature (cm) 166.5 155.9 0.000
β’ angle* ( o ) 2.5 3.8 0.001
Tibial length (mm) 334.2 306.4 0.000
AP length† (mm) 51.7 45.3 0.000
ML length‡ (mm) 76.0 67.0 0.000
AP/ML 1§ (%) 68.0 67.6 0.452
AP/ML 2∥ (%) 69.2 69.9 0.184
CAC 1¶ (%): medial-lateral 55.2 57.2 0.000

anterior-posterior 27.6 28.0 0.018
CAC 2** (%): medial-lateral 53.5 54.7 0.012

anterior-posterior 32.5 33.5 0.143
LTS 1†† (%): medial-lateral  57.3 58.6 0.029

anterior-posterior 61.4 61.1 0.669
Actual distance between LTS 1 & CAC 1 (mm)

medial-lateral 1.7 0.9 0.197
anterior-posterior 17.5 14.9 0.000

Actual distance between SC 1‡‡ & CAC 1 (mm)
medial-lateral 4.0 4.8 0.022
anterior-posterior 11.6 9.9 0.000

Actual distance between SC 2§§ & CAC 2 (mm)
medial-lateral 2.7 3.3 0.134
anterior-posterior 9.5 8.0 0.000

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
*β’ angle, angle between the tibial anatomical axis and the line perpendicular line to the knee joint line; †AP length, Anteroposterior length 
of the tibial plateau in the superior perspective; ‡ML length, Mediolateral length of the tibial plateau in the superior perspective; §AP/ML 
1, Anteroposterior length/mediolateral length of the tibia plateau in the superior perspective; ∥AP/ML 2, Anteroposterior length/mediolateral 
length, of the imaginary cut surface, 10 mm below the lateral tibial plateau; ¶CAC 1, Canal axis center 1, the location of the intramedullary 
canal axis of the proximal tibia passing through the tibial plateau; **CAC 2, Canal axis center 2, the location of the intramedullary canal 
axis of the proximal tibia passing through an imaginary cut surface, 10 mm below the lateral tibial plateau; ††LTS 1, Lateral tibial spine 
1; ‡‡SC 1, Surface center 1, Anteroposterior and mediolateral center on the tibial plateau; §§SC 2, Surface center 2, Anteroposterior and 
mediolateral center on an imaginary cut surface, 10 mm below the lateral tibial plateau.

(lateral tibial spine)

(LTS 1) (%) (Fig. 2). 

10 mm

50 %, 50 %

Surface center 1 (SC 1), Surface center 2 

(SC 2) (Fig. 2, 3).

  LTS 1 CAC 1 (mm)

, CAC 1 LTS 1 , 
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2 CAC 1, 2 (mm) , 
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  3. 통계방법

  , CAC 1, CAC 2, LTS 1, AP/ML 

1, AP/ML 2, LTS 1 CAC 1 , SC 

1 CAC 1 , SC 2 CAC 2

(Student t test, Pearson's cor-

relation analysis). β’ CAC 1 

, β’ CAC 2 

.

결  과
  β’ 3.1±2.1o (－2.9-9.5) , －0o 

5 , 0-3o 50 3-6o 54 , 6-9o 5 9o 

2 . 319.8±23.0 mm 

(265.1-386.4) . AP 1 48.4 mm 

(38.6-58.9), ML 1 71.3 mm (61.7-86.7)

, AP/ML 1 67.8±2.9%, AP/ML 2

69.6±3.0% .

  CAC 1 56.3±3.0% (49-65), 

27.8±4.6% (18-43) , CAC 2
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Fig. 5. Correlation between the β' angles and the CAC 1 me-
diolateral coordinates.

Table 2. Anatomical Parameters of the Right and Left Knees󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Parameter Right Left r-value p-value󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

β’ angle* ( o ) 3.1 3.1 0.361 0.007
Tibial length (mm) 319.8 318.9 0.989 0.000
AP length† (mm) 48.2 48.6 0.954 0.000
ML length‡ (mm) 71.4 71.3 0.960 0.000
AP/ML 1§ (%) 67.5 68.1 0.657 0.000
AP/ML 2∥ (%) 69.3 69.8 0.703 0.000
CAC 1 (%)¶: medial-lateral 56.4 56.1 0.728 0.000
 anterior-posterior 28.3 27.3 0.860 0.000
CAC 2** (%): medial-lateral 54.3 53.9 0.808 0.000

anterior-posterior 33.1 33.0 0.905 0.000
LTS 1†† (%): medial-lateral 57.9 58.3 0.641 0.000

anterior-posterior 62.1 60.2 0.330 0.033
Actual distance between LTS 1 & CAC 1 (mm)

medial-lateral 1.1 1.4 0.684 0.000
anterior-posterior 16.2 15.6 0.850 0.000

Actual distance between SC 1‡‡ & CAC 1 (mm)
medial-lateral 4.6 4.3 0.732 0.000
anterior-posterior 10.4 11.0 0.874 0.000

Actual distance between SC 2§§ & CAC 2 (mm)
medial-lateral 3.2 2.8 0.806 0.000
anterior-posterior 8.6 8.7 0.901 0.000

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
*β’ angle, angle between the tibial anatomical axis and the line perpendicular line to the knee joint line; †AP length, Anteroposterior length 
of the tibial plateau in the superior perspective; ‡ML length, Mediolateral length of the tibial plateau in the superior perspective; §AP/ML 
1, Anteroposterior length/mediolateral length of the tibia plateau in the superior perspective; ∥AP/ML 2, Anteroposterior length/mediolateral 
length, of the imaginary cut surface, 10 mm below the lateral tibial plateau; ¶CAC 1, Canal axis center 1, the location of the the intramedullary 
canal axis of the proximal tibia passing through the tibial plateau; **CAC 2, Canal axis center 2, the location of the intramedullary canal 
axis of the proximal tibia passing through an imaginary cut surface, 10 mm below the lateral tibial plateau; ††LTS 1, Lateral tibial spine 
1; ‡‡SC 1, Surface center 1, Anteroposterior and mediolateral center on the tibial plateau; §§SC 2, Surface center 2, Anteroposterior and 
mediolateral center on an imaginary cut surface, 10 mm below the lateral tibial plateau.
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Fig. 6. Correlation between the β‘ angles and the CAC 2 
mediolateral coordinates.

54.1±2.6% (47-61), 33.0±3.6% (25-44)

. LTS 1 58.1±2.8% (53-69), 

61.2±3.6% (50-70) . LTS 1 CAC 1  

1.2±2.8 mm (－7.2-8.6), 

15.9± 3.1 mm (7.5-23.1) . SC 1 CAC 1

4.4±2.0 mm (－1.1-11.0), 
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 10.7±2.4 mm (3.2-17.9) . SC 2 CAC 2

3.0±1.9 mm (－2.2-7.6), 

8.7±2.0 mm (2.9-14.4) .

  (parameters) , 

, β’ , , AP , ML 

, CAC 1, 2

LTS 1 (Table 1). 

(Table 2).

  β’ CAC 1, 2 

(r=0.418, r=0.407, p=0.000)(Fig. 5, 6). 

AP/ML 1 CAC 1 , AP/ML 2 CAC 2 

(p=0.231, p=0.183).
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= 국문초록=

목적: 한국인에서 경골 근위부 골수강 축의 3차원적 계측을 통하여 슬관절 전치환술 시 경골 고평부 표면에서 
골수강 내 경골 절골 지침자의 적절한 삽입 위치를 평가하고자 한다.
대상및방법: 58구의 사체(116예의 하지)를 이용하여 고관절부터 족근관절까지 전산화 단층 촬영을 시행하였다. 
Bionix version 3.3을 이용하여 3차원 컴퓨터 영상을 만들고 경골 근위부 골수강 축이 경골 고평부 표면을 
통과하는 위치(Canal axis center 1, CAC 1)를 계측하였다. 슬관절 면에서 수직으로 그은 선과 경골 해부학적 
축 사이의 각을 β’ 각이라고 정의하고, β’ 각과 CAC 1 내외측 좌표의 상관 관계를 분석하였다.
결과: CAC 1의 평균 위치는 내측으로부터 56.3%, 전방으로부터 27.8%에 위치하였고, 외측 경골극으로 부터 
내측으로 1.2 mm, 전방으로 15.9 mm에 위치하였다. β’ 각과 CAC 1의 내외측 좌표의 상관성은 통계적으로 
유의하였다(r=0.418, p=0.000).
결론: 한국인의 슬관절 전치환술 시 골수강 내 경골 절골 지침자의 삽입 위치는 고평부 표면 중심보다 전외측이 
적절하였다. 경골 내반 변형이 심할수록 경골 지침자는 더욱 외측에 삽입하여야 하며, CAC 1의 다양성을 고려하
여 술 전 계측하여 삽입 위치를 결정해야 할 것이다.

색인단어: 경골, 골수강 축, 3차원 전산화 단층 촬영, 슬관절 전치환술
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