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MECHANICAL STUDY ON DORSAL STABILITY OF INTRAMEDULLARY
OSTEOSYNTHESIS ASSOCIATED WITH EXTERNAL

FIXATION (ULSON’'S METHOD)
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ABSTRACT

Objective: To evaluate the Ulson intramedullary fixation
method, with external fixation in which the level of the ex-
ternal locking of the Kirschner wires is varied, and without
external fixation. Methods: Eighteen porcine tibias were
used. Transverse osteotomy was performed in the region of
the tuberosity, and two intramedullary Kirschner wires were
inserted into each specimen, using three different assembly
patterns: Group I: locking with external minifixator at a
height of 3.0 cm; Group II: locking at a height of 4.5 cm;

Group III: without external locking. Mechanical shear tests
were then conducted, to determine the maximum load, pro-
portionality limit and coefficient of rigidity. Results: There
were no significant differences in maximum load or pro-
portionality limit between the groups. The coefficient of
rigidity was higher in Group II. Conclusion: The locking
height for the Kirschner wires in Ulson’s method, within the
limits evaluated, did not harm the stability of the fracture
fixation system.
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INTRODUCTION

Unstable and reducible extra-articular distal radius
fractures can be treated with percutaneous pinning
and the use of antebrachial-palmar plaster'"?. The
method proposed by Ulson combines intramedullary
percutaneous pinning with two Kirschner wires, with
external locking of these wires using an external mini-
fixator™. Severo et al” proposed modifications to
the folding of the Kirschner wires, characterized by
greater height of the site at which the wires are locked
by the external mini-fixator, with the aim of facilita-
ting flexion and extension movements of the wrist in
the third week after surgery, and double folding of
the medial wire, to facilitate its removal. However,
increasing the distance between the connection with
the bone and the external fixation can result in loss
of stability of the assembly®.

The objective of this study was to mechanically

evaluate the Ulson intramedullary fixation method
associated with external fixation®, varying the height
of the external locking of the Kirschner wires.

METHODS

Eighteen porcine tibias were used, from animals
with an average age of six months, obtained from a
slaughterhouse and preserved in a domestic freezer at
-20°C for four to seven days. On the day of the me-
chanical tests, the anatomical pieces were defrosted at
room temperature, the soft parts were removed, and
transversal osteotomy was carried out in the region of
the anterior tuberosity, with a manual saw.

The orifice for insertion of the Kirschner wires
(2 mm in diameter) was started off with an electric
drill and completed manually. The Kirschner wires
were locked with an external mini-fixator under man-
ually applied tension.
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The intramedullary positioning of the wires was
controlled by means of radiographic image.

The test samples were divided into three groups,
according to the type of assembly:

Group I — intramedullary fixation with two
Kirschner wires of 2 mm in diameter and locking
with an external mini-fixator at a height of 3.0 cm
(Figure 1A);

Group II — intramedullary fixation with two
Kirschner wires of 2 mm in diameter and locking
with an external mini-fixator at a height of 4.5 cm; in
this group, the medial wire was folded, as proposed
by Severo et al¥ (Figure 1B); and

Group III — intramedullary fixation with two
Kirschner wires of 2 mm in diameter, folded and cut,
maintained without external locking (Figure 1C).

Figure 1 demonstrates the assemblies of groups I,
IT and III.

The test samples were submitted to the mechanical
shear test in a mechanical universal testing machine,
with load cell of 1000 N and load application speed
of 30mm/min. Figure 2 shows the system of fixation
of the test sample and application of the load. After
the test, the program of the machine coupled to a
computer gave the values for mechanical maximum
load (N), limit of proportionality (N), and coefficient
of rigidity (N/mm).

The values were submitted to statistical analysis
by means of analysis of variance for one-factor
model, complemented by Tukey’s test® (com-
parisons between mean pairs of groups). All the
conclusions were described at a level of 5% sig-
nificance (p < 0.05).

RESULTS

Tables 1 and 2 and Figures 3, 4 and 5 show the results.

The statistical analysis indicated that in relation to ma-
ximum load and limit of proportionality, the behavior of
experimental groups I, II and IIT was similar. On the other
hand, for the coefficient of rigidity, the statistical analysis
indicated that group II presented higher values than group
I, which in turn, presented higher values than group III.

DISCUSSION

The study carried out presents limitations in rela-
tion to the mechanical test method and material used.
The shear test only tested the dorsal stability of the
distal fragment of the fracture, and did not evaluate
deviations in laterality, rotation and shortening. Tests
to evaluate stability in relation to shortening would
certainly enrich the study, since for the treatment of
the distal radius fractures, this parameter is important
for analyzing the results obtained. However, shorte-
ning of the radius is associated principally with os-
teoporosis, which was absent in the present study as
it used bones from young pigs without osteoporosis.

Porcine tibia, the material used for the fracture
model, proved to be adequate, particularly for the
measurements of the corticals of the metaphysiary
and diaphysiary bones and the intramedullary canal.
Therefore, the conclusions of the present study can
only be considered in relation to stabilization of the
extra-articular metaphysiary fracture in bone with-
out osteoporosis, and in relation to dorsal deviation.
Oliveira Filho ez al'”, Saeki et al® and Pehlivan et al”
performed experimental studies with methodological
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Figure 1 — Intramedullary fixation assemblies associated with external fixation of the test samples used in groups |, Il and IlI.
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Figure 3 — Mean and standard deviation of the values obtained
for maximum load (N) in each experimental group.
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Figure 2 — A) Test sample fixed in the mechanical universal

testing machine for the shear test; B) Test sample at the end of

the mechanical test.

Table 1 — Mean and standard deviation of the variables by group.

Group Statistical

Variable result
Group | Group Il | Group lll (p-value)

Maximum load p> 0.05
(N) 337 + 1172|396 + 142a| 245 + 45a (p = 0.085)

Limit of 20.05

proportionality | 285 + 64a | 269 + 72a | 207 + 27a p>5.

(N) (p = 0.105)

Coefficient of p <0.05
rigidity (N/mm) 38+ 16ab | 47+17a | 26+6b (b = 0.031)
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Figure 4 — Mean and standard deviation of the values obtained
for the limit of proportionality (N) in each experimental group.

Table 2 — Statistical analysis of the results.

Variable

Analysis of the results

Maximum load (N)
Limit of proportionality (N)
Coefficient of rigidity (N/mm)

Group | = group Il = group I
Group | = group Il = group I
Group Il > group | > group IlI
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Figure 5 — Mean and standard deviation of the values obtained
for the coefficient of rigidity (N/mm) in each experimental group.
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differences, in relation to the mechanical tests and the
materials used, similar to the present study, which re-
veal the difficulties involved in performing the tests,
and in comparing the results of biomechanical studies.

The central idea of this study was to evaluate whether
changes to the folding of the Kirschner wires in the
Ulson method, used in the treatment of distal radius
fractures, proposed by Severo ez al”, with the objective
of facilitating the movement of the wrist and removal of
the wire placed in the medial side of the radius, would
be harmful to the stability of the fixation system.

The results obtained indicated that there were no
statistical differences in the mechanical parameters
for maximum load and limit of proportionality eva-
luated in groups I, II and III. However, in relation to
the mechanical property coefficient of rigidity, the
results indicate that group II, with higher locking of
the Kirschner wires and simpler folding of the medial
wire, presented higher values than group I, which in
turn, presented higher values than group III, in which
the Kirschner wires were not locked. These results
demonstrated that increasing the height of the locking
site, and altering the fold of the medial wire, did not
totally alter the stability of the system. The results
obtained contradict the concept that the greater the
distance between the connection with the bone and
the fixation, the lower the stability of the assembly
of the external fixators, as explained by Dell’Oca®.
These results indicate that within determined limits,
it is possible to increase the height of the fixation
site in the assembly without diminishing the stability
of the system. Determining these limits will require
mechanical tests with greater variations in fixation
heights, or studies of theoretical engineering models,
which did not form part of the present study.

The mechanical property rigidity, evaluated in the
present study by means of the coefficient of rigidity,
indicates the capacity of the test sample to undergo
deformation in response to the load applied, and that
the more rigid the material, the smaller the resulting
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deformation caused by a determined load"”. The
results obtained indicate that the most rigid system,
i.e., that which deformed less in response to the ap-
plied load, was group II, with higher locking of the
Kirschner wire and modification of the folding of
the medial wire. However, it should be remembered
that the values of group II were slightly higher than
those of group 1. In any case, these results contradict
the mechanical concepts explained by Dell’Oca® in
relation to the distance between the connection with
the bone and the fixation in the external fixators. The
model used in the present study, which is a combina-
tion of intramedullary fixation and external fixation,
as well as the simpler and more direct folding of the
medial wire in group II could, in theory, explain this
apparent paradox, i.e., locking of the system further
from the bone, and yet, greater rigidity.

Experimental studies of intramedullary fixation
with Kirschner wires in tubular bones of animals or
artificial models presented controversial results, de-
pending on variables such as diameter, number and
angle of the wires, and diameter of the medullary canal
of the test sample used in the tests""”, which makes
comparison with the results obtained in the present
study inappropriate.

Comparing the conventional fixation by the Ulson
method versus the fixation proposed by Severo et al”
it is noted that there was no significant difference in
any of the parameters studied. To obtain better mobi-
lity in flexion and extension movements of the wrist,
and facilitate the removal of the wire placed in the
medial side of the radius, it can be concluded that the
assembly performed in group II (locking at a height
of 4.5 cm) is clinically preferable.

CONCLUSION

In the conditions of the present study, the height
of the locking of the Kirschner wires using the Ulson
method, within the limits evaluated, did not diminish
the stability of the system.
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