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Total hip replacement is a representative treatment for avascular necrosis of the femoral head. However, the stress
shielding caused by the replacement induces dissociation of the artificial hip joint and various complications. Many studies
have tried to explore the stress shielding but, most studies have been conducted at macro level and not at micro level.
Thus, this study aimed to quantitatively analyze the structural behavior of the proximal femur according to total hip
replacement at the micro level to explore the stress shielding. For this purpose, this study selected the artificial hip joint of
the single wedge type and implanted the joint into a proximal femur that has a high resolution of 50 um. Then the
structural behavior of the implanted femur was analyzed by comparing that of the intact femur under three daily activity
loads. As a result, the high possibility was confirmed that the stress shielding will occur in both cortical and cancellous
bones under the one-legged stance movements. Additionally, it was discovered that the cancellous bone had a
considerably lesser chance of adducting at an angle similar to the neck shaft angle of an artificial hip joint.
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1. M2 A58zt AlYgEr dEdoz oy 1y HA|$<(Total Hip
Replacement, THR)o] tJEZ 0 & ALLFCH4].
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M 0.8x10¢

1

M o8x104

1

Intact proximal femur

M o8x104

1

Fig. 4 Comparison of strain energy among the implanted proximal femur and intact proximal femur under daily activities (The maximum of
the legend was set to 0.8 x 10™* pJ to visually compare results on the same criteria) [Unit: pJ]

M 0.8x104 M o0.8x10¢

IO L Io

(a) One legged stance (b) Abduction (c¢) Adduction

Implanted proximal femur

Table 1 Strain energy distribution of normal bone and proximal femur with artificial hip joint implanted at ROI 1 [Unit: pJ]

coﬁgiat(iion One-legged stance Abduction Adduction
State Intact Implanted Izi{;:ig\;e Intact Implanted szlﬁ:ig\: Intact Implanted Izlf;l:ﬁigvee
Avg. 4.746x10"  1.363x10™! -71.3% 5219x107  1.911x107! -60.8% 1.643x10"  1.021x10™! -63.4%
Std. 3.350x10"  9.548x10%  -71.5%  3.456x107"  1.463x107  -57.7% = 2.696x10"  1.137x10"  -57.8%
Max. 7.320x107°  6.178x10™ -15.6% 9.243x10™  3.655x10™ -60.5% 1.500x10""  4.139x10° -72.4%
Min. 3.867x107  2.834x10” -99.0% 2.695x10°  2.141x10” -99.9% 1.066x10°  4.707x107'? -99.6%
o|F $Jall & A= fetass|a dakel e AdS AdE HEFE A= Ee sk 240l disf daskitt ol= ¥
23 AT Aue} o4 ALY ANE wlw HAstel AFsHg  mwbEol PEe] W thulstel oF 5L o Hol ¥
1630311, Fig. 4= 3704 U4} 515 24 o A2 ol sHs AL ofujsit). ok, WA E ofuix|e] B davre] Ha
i

Z agbdol ALY 9] hElRe] MAE ofuX HES et 608%@A 5k 24) oo Ags| Arks dutel 123
HEL RA ) olcke] A1 Sid W S5 el ok k(b 1), ool Ae) BoiskPoroncum) ol &

35 2o MRS oA uolA MASION, 217 o Ujul(Endosteum) F50] WHE of X 2ero] | Bt ol
A oA Femoral Neck), E0HHMetphysie) 3, 8 = Bk 5Re] ANE AHE R HEAOZE 03
Zeo 4] WAL WhE W ZAE olcke] A7), o, WA makd slel WO o

F

1A 4= 8-S et

off thal] 22+ tfEAF R, AAHE, S QlSol|A a5 B AhZo|A stg 24 HPE olvAY Bt HAaHS A
st AUZE Adsilet. ol o) Aot sYs dutE, 2 FHom FAT AiK(Table 1), &rke] A7] k5 10|
Ao feta ol gt date] elgAde 53t T1.3%= 7P 2 d4E 2ok vh, odd e b7t

B ool oy sHIe 717 3 oo s ARk, 63.4%, 60.8%2] Hat o|UA] ZAhEFS E"‘E‘r E3 HEE o
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Table 2 Strain energy distribution of normal bone and proximal femur with artificial hip joint implanted at ROI 2 [Unit: pJ]

coigiat(iion One-legged stance Abduction Adduction
State Intact Implanted Relative Intact Implanted Relative Intact Implanted Relative
change change change
Avg. 9.888x10%  5.803x1072 -41.3% 1.134x10"  6.228x102 -45.1% 7.334x102  6.169x102 -15.9%
Std. 9.875x10%  8.073x1072 -18.2% 1.070x10"  1.339x10"! 0.25% 1.063x10"  1.050x10™! -1.1%
Max. 1.678x10"  1.574x10™ -6.2% 1.312x10"  5.886x10™ 348.6% 2.003x10™  3.655x10™ 82.5%
Min. 1.019x10°  1278x10%  -98.7%  2.665x10°  3.912x10%  -98.5% 1773107 4.747x10°  -97.3%
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