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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

Purpose: 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.

Materials and Methods: 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 3 angle was defined
as the angle between the tibial anatomical axis and a line perpendicular to the knee joint line. The
correlations between the B’ angle and the CAC 1 mediolateral coordinates were analyzed.

Results: The CAC 1 is located on 56.3% from the medial cortex and 27.8% from the anterior cortex
on the average. On average, the CAC 1 was located 1.2 mm medially and 15.9 mm anteriorly from
the lateral tibial spine 1. The [’ angles and medial-lateral coordinates of the CAC 1 showed a
significant positive correlation (r=0.418, p=0.000).

Conclusion: When 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.

Key Words: Tibia, Intramedullary canal axis, 3D computed tomography, Total knee arthroplasty
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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,

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. 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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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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Table 1. Anatomical Parameters of Males and Females

ofpt
190

e
HA
i
A
S

1ol CAC 17}2]9] AA| Zo], SC 2014 CAC 2714 ¢]
AA| ZAolE ¥} th(Student t test, Pearson’s cor—
relation analysis). 8’ 2% CAC 1 Y &= ¥ o A
WAE FA6AL, B 43} CAC 2 W5 2o g

4 1
B 7 Hat 3.1+2.1° (—2.9-9.5)0]913, —0° 1]
qto] 59 0-3"7} 509 3—6°7} 549, 6— 97} 501] 9° o]
ol 299tk A& Aol ¥ 319.8+£23.0 mm
(265.1-386.4)0|9it}, AP 1 Zol= Hi 484 mm
(38.6-58.9), ML 1 Zo]= B4t 71,3 mm (61.7-86.7)
0|2, AP/ML 1& H+F 67.8+2.9%, AP/ML 2= ¥
T 69.6+3.0%3I},
CAC 1& B4 Y= 56,3+3.0% (49-65), A=
27.84+4.6% (18-43)01%1, CAC 2= Hi Y9

Ay o

Parameters Male (n=28) Female (n=30) p-value
Age (years) 493 533 0.040
Stature (cm) 166.5 1559 0.000
B angle* (°) 25 38 0.001
Tibial Iength (mm) 3342 3064 0.000
AP Iength (mm) 517 453 0.000
ML length® (mm) 76.0 67.0 0.000
APML 1° (%) 68.0 676 0452
APML 2" (%) 69.2 69.9 0.184
CAC 1" (%): medial-lateral 552 572 0,000
anterior-posterior 276 28.0 0.018
CAC 2 (%): medial-lateral 535 547 0,012
anterior-posterior 325 335 0143
LTS 1" (%): media-lateral 57.3 586 0.029
anterior-posterior 614 61.1 0.669
Actual distance between LTS 1 & CAC 1 (mm)
medial-lateral 17 09 0197
anterior-posterior 175 149 0.000
Actual distance between SC 1F* & CAC 1 (mm)
medial-lateral 40 48 0,022
anterior-posterior 116 99 0.000
Actual distance between SC 2°° & CAC 2 (mm)
medial-lateral 27 3.3 0134
anterior-posterior 95 8.0 0.000

*3” angle, angle between the tibial anatomical axis and the line perpendicular line to the knee joint line; " AP length, Anteropostenor length
of the tibial plateau in the superior perspective; ML length, Mediolateral Iength of the tiial plateau in the superior perspective; ¥ AP/ML

1, Anteroposterior Iength/medwlateral length of the tibia plateau in the superior perspective; "AP/ML 2, Anteroposterior length/mediolateral
Iength 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 Iocahon of the intramedullary canal
a><|s of the proximal tibia passing through an imaginary cut surface, 10 mm below the Iateral t|b|a| plateau; LTS 1, Lateral tibial spine

SC 1, Surface center 1, Anteroposterior and mediolateral center on the tibial plateau; * ¥ SC 2, Surface center 2, Anteropostenor and
mediolateral center on an imaginary cut surface, 10 mm below the lateral tibial plateau,
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54.1+2.6% (47-61), A3H 33.0+3.6% (25—44)0] %} AlA dole HF hZ 1.242.8 mm (—7.2-8.6), A
o} LTS 1S B YW= 58.1+2.8% (53—69), Asu} 15,9+ 3.1 mm (7.5-23.1)°]3lt}. SC 1|4 CAC 17}
61.2+3.6% (50-70)0] %t} LTS 194 CAC 17479 o] AA Zol= HF 92 44+92.0 mm (—1.1-11.0), A

Table 2. Anatomical Parameters of the Right and Left Knees

Parameter Right Left r-value p-value
B angle* (°) 3.1 3.1 0.361 0.007
Tibial length (mm) 3198 3189 0.989 0.000
AP length" (mm) 482 486 0.954 0.000
ML length® (mm) 714 713 0.960 0.000
APML 1% (%) 675 68.1 0.657 0.000
APML 2" (%) 69.3 69.8 0.703 0.000
CAC 1 (%)": medial-lateral 56.4 56.1 0728 0.000
anterior-posterior 28.3 273 0.860 0,000
CAC 2" (%): medial-lateral 543 539 0.808 0.000
anterior-posterior 33.1 330 0.905 0.000
LTS 1"" (%): medial-lateral 579 583 0,641 0.000
anterior-posterior 621 60.2 0.330 0,033
Actual distance between LTS 1 & CAC 1 (mm)

medial-lateral 1.1 14 0.684 0.000
anterior-posterior 16.2 156 0.850 0.000

Actual distance between SC 1 & CAC 1 (mm)
medial-lateral 46 43 0.732 0.000
~ anterior-posterior 104 110 0874 0.000

Actual distance between SC 2°% & CAC 2 (mm)
medial-lateral 32 28 0.806 0.000
anterior-posterior 8.6 87 0.901 0.000

*8” 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 Iocatiop,rof 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;¥fsc 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,

g g
= =
~— N
Q Q
< <
O o
o o
40 T T T T T T 1 46 T T T T T T 1
-4 -2 0 2 4 6 8 10 -4 -2 0 2 4 6 8 10
B' angle B' angle
Fig. 5. Correlation between the B' angles and the CAC 1 me- Fig. 6. Correlation between the B ‘ angles and the CAC 2
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