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Fig. 1. (A-C] Photographs of animal models of LCPD in piglets, puppies, and growing rabbits.

Table 1. Piglet Groups according to Postoperative Periods

Postoperative Stage of Human

Number of Piglets

Femoral Length [cm)  Body Weight (kg)

Period (Weeks) LCPD Simulated ; Mean (SD) ; Mean (SD)
Early Period
2 Weeks Avascular or Early 6 10.2 (0.7) 15 (2.9)
Fragmentation
4 Weeks 6 11.5 (0.3) 22(3.3)
Intermediate Period
12 Weeks Fragmentation or Healing 7 15.8 (3.1) 62(17)
Late Period
20 Weeks Skeletal Maturity 7 18.8 (4.3) 107 (21)
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Fig. 2. (A-D) Composite radiographic findings from extracted femurs from a piglets sacrificed at postoperative week 4 (A), 8
(B), 12 (C), and 16 (D) showing gradual increase of coxa plana, coxa magna, and greater trochanter overgrowths.

T2 6.9 mm Z2|al 20572 6.8 mm ATt

Articulotrochanteric distance®] 3 7+ (coxa vara)
= 257 470 = mild 283 125373 2052
severe T}, tE|ZF5F2] subluxationg 1259} 20579l
A ek A2 = ATH(Fig. 2) (Table 2).

Table 2. Macroscopical and Radiological Changes of the Femoral Head in 26 Piglets with Vascular Infarct

Postoperative Weeks 2 4 12 20 Rs* P-value
Experimental Animal Number 6 6 7 7
Coxa Plana
Decrease in Epiphyseal Height (>10%)
Appearance Rate, Number 1 4 4 7 0.55 0.004
Mean Height, mm (95% Cl)
Operated Side 9.5 6.9 (3.1-11) 10(8.3-12) 9.7(8.7-11)
Normal Side 1" 11(10-12)  15(14-17) 17 (16-18)
Mean Decreased (95% CI), mm 1.5 4.1(0.4-7.8) 5.0(3.4-6.6) 7.5(5.6-9.4) 0.76 0.002
% 14 37 (4-71) 33(23-44)  43(34-53) 0.42 0.1
Flattering of Articular Surface
Appearance Rate, Number 1 2 4 7 0.62 0.001
Extent, Number
Localized 1 1 1 2
Generalized 0 1 3 5
Coxa Magna (>10%)
Appearance Rate, Number 0 1 5 6 0.70 <0.001
Mean Diameter, mm (95% Cl)
Operated Side - 29 40 (36-44) 43 (40-47)
Normal Side - 25 33(31-35)  37(35-39)
Mean Increase, mm (95% Cl) - 4.1 6.9 (3.2-11) 6.8(3.9-9.6) 0.22 0.5
% - 16 21(10-32)  18(11-26) 0.02 0.9
Greater Trochanter Overgrowth (>20%)
Appearance Rate, Number 4 4 6 7 0.34 0.09
Grade, Number
Mild 4 2 2 0
Severe 0 2 4 7
Lateral Subluxation
Appearance Rate, Number 0 0 5 7 0.84 <0.001
* Rs: Spearman’s Correlation Coefficient.
www.hipandpelvis.or.kr 267
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Table 3. Puppy Groups according to Extent of Surgery and Postoperative Duration

Groups/ Postoperative Period 2 Weeks 1 Month 2 Months 5 Months Total
(A) Capsular Incision Only 3 3 3 3 12
(B) Division of Ligamentum 4 4 5 5 18
Teres Only
(C) Division of Both
Ligamentum Teres and 3 4 5 4 16
Retinacular Artery
Total 46

Table 4. Macroscopic, Radiologic and Microscopic Examinations of the Femoral Head and Neck

Anatomic Location  Macroscopic Findings Radiological Findings Microscopic Findings
Articular Color Shape Number of Chondrocytes
Cartilage Irregularity Irregularity of Surface Grouping Phenomenon
Irregularity of Surface
Ossific Coxa Magna Cystic Change Number of Hematopoietic Cells
Nucleus Shape Density Vascularity
Epiphyseal Height Viability of Trabeculae
Shape Degenerative Change of Marrow Space
Size Repair Process
Physis Anteversion Shortening Fibrillation of Chondrocyte Column
Coxa Magna Microcystic Change
Medial Bowing Disruption of Chondrocyte Column

Shortening of Neck
Leg Length Discrepancy
Metaphysis Medial Bowing Femoral Neck Shaft Angle  Number of Hematopoietic Cells
Medial Bowing Vascularity
Viability of Trabeculae
Degenerative Change of Marrow Space
Repair Process
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ulg]E= ligamentum teres AT 2 u#H o] UA|F ot
T(Group B) 18] Y=A] 16v}2]& ligamentum teres
9} eipphyseal artery 255 A (Group C)3} gt} (Table
3, 4).
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Fig. 3. (A] Radiography of the extractred femurs from a puppy of Group C at postoperative two months showing a decrease in
epiphyseal height and cystic changes of the ossific nucleus at left operated femur. (B) Macroscopic photography showing
shortening of 2.5 mm with a mild degree of medial bowing of the femoral neck at left operated femur. (C-D) Macroscopic
appearances of both extracted femurs five months after operation showing remarkable increase in anteversion and coxa
magna of the operated left femur.

Table 5. Presence (+) or Absence (-) of Abnormal Findings of the Femoral Head and Neck in Three Experimental Groups in
Puppy Model

Postperativ/
Group Period

Macroscopic Abnormalities Radiological

Abnormalities

Microscopic Abnormalities

Articular Head Neck LeglLength Head Neck Articular  Ossific  Physis Metaphysis
Cartilage Discrepancy Cartilage  Nucleus
2 Weeks A - - - - - - + - - -
B - - - + - -
c - - - - + - -
1 Month A - + - - - - + - - -
B + + - - - + + -
C + + + - + + +
2 Months A - + - - - - + - - -
B + + + + - - + + - -
C + + + + + + + + + +
5 Months A - + - - + - + - - -
B + + + - + - -
c + + + + + + + + Repair Repair
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F71H 082 F4% XA AR A& dE o] 422
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v AE3FEn} Group A oA Group B =&
Group CRT} Overall incidence of deformity (P€0.001),
head deformity score (P<0.001) 18]l incidence of a

Table 6. Rabbit Groups according to the Vascular Interruption and the Cast Immobilization of the Knee

Weeks after Experimental Procedure

Group N 1 2 4 8 12
(A) Operation + Cast 25 4 6 5 6 4
(B) Operation Only 25 4 5 6 5 5
(C) CastOnly 22 4 5 4 4 5
270 www.hipandpelvis.or.kr
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total collapse of the capital femoral epiphysis7} 25 =9t} (Fig. 4) (Tables 7-10).

Fig. 4. (A) Radiograph before surgery showing normal hip of 5 week-year-old rabbit. (B) Radiograph at postoperative 4 weeks
showing coxa vara and greater trochanter (GT) overgrowth. (C) Radiograph at 12 weeks showing further increase of
deformities. (D) Macroscopic finding of extracted femur showing coxa magna, coxa vara, and GT overgrowth.

Table 7. Radiological and Macroscopic Abnormalities

A B c
Abnormal Findings Operation Operation Cast P-value
+ Cast Only Only
Radiologic Findings
Height Decrease of Ossific Nucleus 16 1" 0
Coxa Vara 19 1 0
Epiphyseal Fragmentation or Cystic Change 7 7 0
Total Epiphyseal Collapse 9 1 0
Greater Trochanter Overgrowth 13 (Al 0
Acetabular Dysplasia 18 8 4
Macroscopic Findings
Articular Surface Flattening 21 10 0
Articular Surface Irregularity 21 10 1
Severe Collapse of Femoral Head and Neck 9 1 0
Coxa Magna (>0.2 mm) 22 1 13
Anteversion or Retroversion 18 10 5
Leg Length Discrepancy (>1 mm) 16 18 5
Total 189 109 28
Average (Total/Number of Rabbits) 7.6 L4 1.3 <0.001

Table 8. Mean Head Deformity Score (HDS) after Procedures in Experimental Groups

Head Deformity Score

Group 1+2 Wks 4 Wks 9+12 Wks Total P-value
(A) Operation+Cast 2.7 (10) 5.3 (5) 6.6(10) 4.9 0.004
(B) Operation Only 0.2(9) 1.3(6) 4.3(10) 2.4 0.002
(C) Cast Only 0(9) 0.3 (4) 0.6 (9) 0.3 0.071
P-value 0.007 0.029 <0.001 <0.001

* Numbers in parentheses are sample sizes.
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Table 9. Distribution of 10 Hips Showing Severe Collapse of Femoral Head and Neck in Experimental Groups

Group Total N* of Rabbits Total N of Rabbits Head Status Rabbits with
with Severe Collapse Severe Collapse

(A) Operation + Cast 25 9 (36%) Contained (n=9) 2 (22%)
Dislocated (n=16) 7 (44%)

(B) Operation Only 25 1 (4%) Contained (n=17) 1 (6%)
Dislocated (n=8) 0 (0%)

(C) Cast Only 22 0 (0%) Contained (n=22) 0 (0%)
Dislocated (n=0) 0 (0%)

* N: Number.

Table 10. Head Deformity Scores (HDS) and Number of Severe Collapse of Femoral Head and Neck in 20 Rabbits
Devascularized (Both Group A and B) and Sacrificed at 8 and 12 Weeks

Acetabulo-Femoral Total Head Severe Collapse
Relationship N* of Deformity Score of Femoral Head
Rabbits Mean Range and Neck
Fully Contained 5 v 3-5 0
Partially Contained 10 5.5 3-7 3
(Subluxated)
Dislocated 5 7.2 6-8 5
P=0.006, =0.863.
* N: Number.
4. ASA= 6.Sanchis M, Zahir A, Freeman MA. The experimental
simulation of Perthes disease by consecutive interruptions
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