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Abstract: Conventional total hip joint replacement(THR) surgery requires a long incision and long rehabilitation
time. The stem used in THR is inserted into the cancellous bone of the femur where it plays the role of the
artificial joint. Minimally invasive surgery(MIS) has been devised to reduce muscle damage to patients. In this
study, a mechanical stem was developed on the basis of MISto reduce the incision length through the principle of
the gear. The mechanical stem consists of six components. A prototypical model for a mechanical stem was
fabricated using an acryl-based polymer, and its workability was confirmed. To actualize the mechanical stem, a
three-dimensional Bio-CAD modeling technique was applied. The hip joint area based on computed tomography(CT)
was reconstructed. The safety of the mechanical stem by applying more load than the weight of a man under
virtual surgery environment conditions was confirmed by finite element analysis.
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Fig. 1 Mechanical stem for MIS : (a) Body, (b)
Curved-gear, (c) Wedge-pin, (d) Fixed-pin,
(e) Gear-pin, (f) Spur-gear

Gear-pin

‘ Wedge-pin

(a) (b)

Fig. 2 Assembled mechanical stem
state, (b) final state

Fixed-pin

(a) initial
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Fig. 3 Fabricated actual mechanical stem of acrylic:
(a) Parts of stem, (b) initial state, (c) final
state
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Table 1 The material properties used for the

computations
. Elastic Poisson's Yield
Materials modulus . stress
(MPa) | ™0 | (\vpy)
UTeAtah ™ | 105 GPa| 03 970
Head(ALO3) 380 GPa| 0.245
Liner(ALO3) 380 GPa| 0.245
Cup(Ti-6Al-4V) 105 GPa 0.3 970
Sacrum 17000.0 0.30
(C(;)())(r%}c:l(/)gimcellous) 17;)8.%0/ 0.30/0.20
Femur 15100.0/ 0.30/0.22

(Cortical/Cancellous)| 445.0

Articular cartilages
of sacrum and

Mooney-Rivlin,
Ci=4.1MPa,C;=0.41MPa,D =0

acetabulum
Gluteii muscles 634 N
Adductor muscles 344 N

(a) (b)

Fig. 4 3D reconstruction model : (a) Inserted
mechanical model, (b) Mesh model for FEA
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Fig. 5 Applied load and boundary condition
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Table 2 Maximum von Mises stress each part

Parts von Mises stress | compared with

(MPa) yield stress

Body 484.7 50.0%
Curved-gear 865.6 89.2%
Spur-gear 187.4 19.3%
Wedge-pin 480.2 49.5%
Fixed-pin 81.59 8.4%
Gear-pin 75.96 7.8%

2 AT E HE Fetsasd AZE
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S, Mises

(&vg: 75%)
+5.000e+02
+4.000e+02
+3.000e+02
+2.000e+02
+8.,000e+01
+4.000e+01
+2.000e+01
+1.000e+01
+5.000e+00
+0.000e+00

Max: +4.847e+02
Elem: PART-1-1.150851
Node: 435362

(a)

s, Mises
(Avg: 75%)

+1.000e+02
+8.000e+01
+6.000e+01
+4.000e+01
+2.000e+01
+1.000e+01

+0.000e+00
Max: +8.159e+01
Elem: PART-1-1.271336
Node: 435161

(c) (d)

Fig. 6 von Mises stress distribution in
Fixed-pin, (e) the Gear-pin, (f) the Spur-gear
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S, Mises

(Avg: 75%)
+9.000e+02
+8.000e+02
+7.000e+02

1 +5.000e+01
+3.000e+01
+2.000e+01
+1.000e+01
+0.000e+00
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Elem: PART-1-1.141427
Node: 235312

S, Mises

Max: +7.5968+01
Elem: PART-1-1.287001
Node: 469049
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(a) the body, (b) the Curved-gear, (c) the Wedge-pin, (d) the
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