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Using radiographs to analyze equivalent weakest transverse inter-
face of fracture healing
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Abstract: Objective An effective but simple method for quantifying the fracture healing progress was provided to
obtain more information on fracture healing mechanics from plain X-ray film. Method Twelve rabbits were used
for experimentally osteotomy at the middle tibiae, each of which was fixed by the sliding fixator with four pins of
1.5 mm diameter, with mini transducer of displacement measuring the sliding micro movement between the frac-
tured bone fragments, denoted as AL. The bending rigidity, denoted as K= P/ AL, of the rabbits’ tibia (with
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sliding fixator together) were recorded by computer data assembling system once a week, where P was the load
on the fracture site from anterior of the tibia by manual operation of a loading transducer. The anterior-posterior
and lateral radiographs were also taken every week by digitally upgraded X-ray radioscope. The effective weakest
transverse curved interfaces were found, and the equivalent bending moments of inertia were calculated from the
radiographs automatically, by gray scan along the longitudinal axis of the tibia upon the image programs edited in
Delphi programming environment. And they were used for quantitative description of the rigidity of the healing
bone. Results The sliding fixators were removed in 29 ~41 days after the osteotomy. Ratios of the minimum to
the maximum of equivalent bending moments of inertia for each fracture bone were calculated. And they were
found to increase via the healing time. The means of the ratios of all twelve rabbits calculated from lateral radio-
graphs were (0.31 £0.17) for the first week, (0.34 £0.13) for the second week, (0.43 +0.20) for the third
week, and (0.56 +0.23) for the fourth week after the osteotomy, respectively. From anterior-posterior radio-
graphs, the means of the ratios were (0.40 +0.19), (0.47 £0.16), (0.56 £0.20), and (0.66 +0.11) , respec-
tively. These ratios were significantly correlated with the bending rigidity K of the fracture tibia of the rabbits. The
means of K value was (3.976 £4.986) N - ym ™' before the operation,and (0.679 +1.026) N - ym ' for the first
week, (2.115 £3.233)N - ym ™' for the second week, (3.459 +4.723)N - ym ' for the third week and (4.788 =
4.831)N - um ™" for the fourth week after the operation, respectively. Conclusions The growth of external callus
has its own rules. It can be distinguished from plain radiographs easily, and it grows from either side of the frac-
ture site and meets together gradually, filling up the gap at the fracture site at last. The methods described in this
paper could reflect the feeling when reading the radiographs.
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Fig.1 Lateral radiograph of healing rabbit tibia transverse fracture
at the third week fixed by the sliding fixator (a) Original picture,
(b) The equivalent weakest interface (arrow), (c) The equiva-
lent strongest interface (arrow)
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Tab.1 The ratio of the minimum to the maximum of equivalent bending moments of inertia via healing time ( weeks)

DAL R A S (B 7 B )

AEAL AR (57 o)

G
1 2 4 30 4 3 1 2 4 30 4 3

1 0.29 0.28 0.65 0.79 0.16 0.33 0.66 0.77
2 0.15 0.40 0.39 0.37 0.56 0.41 0.52 0.67
3 0.00 0.08 0.42 0.60 0.00 0.11 0.33 0.53
4 0.23 0.59 0.26 0.34 0.36 0.52 0.63 0.58
5 0.25 0.33 0.53 0.62 0.44 0.54 0.56 0.72
6 0.66 0.51 0.47 0.72 0.68 0.69 0.64 0.79
7" 0.34 0.34 0.13 0.15 0.58 0.47 0.07 0.51
8 0.30 0.32 0.59 0.70 0.55 0.59 0.72 0.83
9 0.44 0.38 0.55 0.73 0.43 0.65 0.72 0.64
10 0.40 0.34 0.57 0.78 0.29 0.41 0.67 0.75
11 0.49 0.21 0.59 0.72 0.38 0.52 0.71 0.63
12* 0.21 0.30 0.03 0.20 0.38 0.43 0.44 0.51
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Fig.4 The ratio of the minimum to the maximum of equivalent

bending moments of inertia via healing time (a) From lateral ra-

diograph, (b) From anterior-posterior radiograph
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Tab.2 Paired t test results of the ratio of the minimum to the
maximum of equivalent bending moments of inertia between
groups of different healing time ( weeks)
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Tab.3 Kvalue via healing time (weeks)
- K/(N-pm™)
AR H1A H2H H3HA A H5H %6
1 0.967 0.644 1.261 1.614 1.467
2 17.062 0.105 0.209 0.608 1.996
3.851 8.631 8.056 18.411
4 1.555 0.307 0.268 0.284 1.379
5 1.601 0.154 0.222 1.392 1.944
6 1.205 0.562 1.539 1.369 3.339
7* 2.199 0.052 0.343 0.771 0.591 1.179 2.502
8 1.695 0.147 1.111 2.754 1.813
9 6.932 0.614 9.261 7.442 12.407
10 5.037 0.755 1.284 14.700 5.495
11 1.506 0.467 1.121 1.810 3.832
12* - 0.075 0.490 0.131 - 0.068 12.881
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Tab.4 The result of three-point bending tests
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Tab.5 The ratio of the minimum to the maximum of equivalent
bending moments of inertia related with K value
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Fig.6 The means of ratio of the minimum to the maximum of
equivalent bending moments of inertia of the 12 rabbits related with

means of K value
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