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Effects of Intramedullary K-wire Insertion on Femoral Lengthening
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Abstract : During long bone lengthening, there are many disadvantages including axial deviation, malalignment and
re-fracture which are commonly encountered inspite of its proven abilities. To study the effects of intramedullary K-
wire application on the lengthening of long bone, ten skeletally mature mongrel dogs were separated into two groups
(Group I, T0). Right femurs of group I (5 dogs) were fixed with only monolateral external fixator after subperiosteal
osteotomy. Right femurs of group Il (5 dogs) were fixed with monolateral external fixator and intramedullary K-wire
after subperiosteal osteotomy. Lengthening was started at 7 days after the surgery with the rate of 0.5 mm per day
for 5 weeks and the dogs were sacrificed after 15 weeks postoperatively to examine histologic differences and evaluate
bone mineral density. Radiographic examination at an interval of two weeks was done to evaluate the type of callus
formed and to analyze complications including instability of external skeletal fixation and axial deviation. Bone mineral
density at the lengthened area and contralateral nonlengthened area were measured using quantitative computerized
tomography. Histological examination of regenerated bone was performed using Masson's trichrome stain method. The
radiographs demonstrated poor callus formation, higher incidence of axial deviation and screw loosening in the group
I compared to the group II. The bone mineral density at the lengthened area in the group II was higher than that
of the group I (P<0.05). Histological examination showed that the new bone trabeculae in the group II were greater
than that of the group I. In conclusion, the combination of monolateral external fixator and intramedullary K-wire
can prevent pin loosening, axial deviation and reduce healing period in dogs.
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Table 1. Classification of the distraction callus. (Hamanishi et
al., 1992)

Types Characteristics of callus shape
Barrel-like fusiform callus wider than the original
External
bone
Straight Eomogcneous callus just as wide as the original
one
A&éhuate d Callus narrower thap the original bone with
attenuated mid portion
Opposite Callus formation or maturation mainly at the
PP opposite side of the lengthener
. Poor callus only in the central portion and looking
Pillar . .
like a central pillar
Scattered ~ Only sparse calcification in the lengthened gap

Table 2. Types and characteristics of distal femoral deformity.

Types Characteristics
Valgus Lateral angulation of the distal segment of bone
Varus Medial angulation of the distal segment of bone
Antecurvatum Caudal angulation of the distal segment of bone
Recurvatum  Cranial angulation of the distal segment of bone

2 9z, 44, 34, U, 73, 2
(Table 1)(37,38).
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Fig 2. Tllustration of a femur of axial deviation and crossed
anatomical axis(mid-diaphyseal line) of proximal and distal
bone segment.
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Table 3. Length of femur, lengthening rate and postoperative complications in the group I and II

Length of femur

Group No. of dogs - R L Lengthening rate(%o) Complications
1 11.6 10.2 13.73
2 11.0 9.4 17.20 Pin loosening
3 11.9 104 14.42 Nonunion
Group I . )
4 11.4 9.9 15.15 Pin loosening
5 10.6 9.2 1522
15.11%£1.23(Meanx S.D.)
1 13.6 11.8 15.25
2 15.1 13.2 14.39 Premature consolidation
3 12.2 10.7 14.02 Nonunion
Group 11
4 10.8 9.3 16.13
5 10.0 8.7 14.94
14.95+0.82(Meant S.D.)

Group I : The dogs with external skeletal fixation.
Group 11 : The dogs with external skeletal fixation and intramedullary K-wire insertion.
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Fig 3. Postoperative radiographs of anteroposterior(AP) view in a dog with external skeletal fixation.
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Fig 4. Postoperative radiographs of anteroposterior(AP) view in a dog with external skeletal fixation and intramedullary K-wire
insertion.
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Table 4. The type of distraction callus in the group I and 11

Group No. of dogs Type of callus
1 Straight
2 Straight

Group 1 3 Scattered
4 Attenuated
5 Straight
1 Straight
2 External

Group 11 3 Straight
4 Straight
S Straight

Group I: The dogs with external skeletal fixation.
Group II: The dogs with external skeletal fixation and intramedullary
K-wire insertion,

7
T 127 A3 F IS AR ARPIA diEE A
AR kel FHE AR A3 AY 1329 A9 g4E 3
T HIEsl ks SAFo) 74'7—} l-r"iotq A9 Ilv—f
T tH(Table 4).
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Table 5. The type and degrees of axial deviation of lengthened
femur in the group I and II

Gowp  No-ofdogs R E O O o

1 - -
2 Antecurvatum 6

Group 1 3 Varus/ Antecurvatum 6/12
4 Varus/ Antecurvatum 4/6
5 Antecurvatum 12
1 - -
2 Varus 4

Group 11 3 - -
4 - -
5 - -

Group I: The dogs with external skeletal fixation.
Group II: The dogs with external skeletal fixation and intramedullary
K-wire insertion.
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Fig 5. Lateral view radiographs after the bone lengthening. A: Mild axial deviation was observed in a dog with external skeletal
fixation. B: Linear appearance was observed in a dog with external skeletal fixation supplemented intramedullary K-wire.
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Fig 6. Percentage of bone mineral density in the Group I and
II. Percentage of bone mineral density = (Bone mineral density
of lengthened site/Bone mineral density of contralateral

nonlengthened site) < 100. Group I. The dogs with external
skeletal fixation. Group II: The dogs with external skeletal

fixation and intramedullary K-wire insertion
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Fig. 7. Photomicrographs of the lengthened segment at 15 weeks after the surgery (Masson's trichrome stain, X40). A: Histologic
section in a dog with external skeletal fixation. Fibrous cartilage and chondrocyte were observed. Arrows indicate the chondrocyte.

B: Histologic section in a dog with external skeletal fixation and Intramedullary K-wire. New bone trabeculae formed longitudinally
along the tension in the fibrous growth zone. Also, chondrocytes were observed in this region. T indicate the new bone trabeculae

and arrows indicate the chondrocyte.
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