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Strength Characteristics of the Bone—Implant—Bone System
in Midshaft Clavicular Fracture Osteosynthesis

B. Sh. Minasov', Sh. F. Yakupov?*, R. R. Yakupov', A. R. Bilyalov!, M. M. Valeev',
T. B. Minasov', T. R. Mavlyutov!, M. I. Nagimov’, and L. I. Garipov'

A method of surgical treatment of midshaft clavicular fractures and a compression interlocking nail for osteosyn-
thesis of the clavicle were developed. Strength characteristics of various bone—implant—bone systems in osteosyn-
thesis of midshaft clavicular fractures were compared. It was shown that none of the tested fixation techniques
provides stability under conditions of axial loading comparable to that of an intact clavicle. The developed design
can be recommended as a method of choice for osteosynthesis of midshaft clavicular fractures, as it demonstrat-
ed strength characteristics comparable to those of other systems.

Introduction

Clavicular fractures are among the most frequent
injuries (2.6-4% of all skeletal injuries). Midshaft frac-
tures constitute 69-82% of all clavicular fractures [1-4].
Such fractures most often occur in young and middle-
aged persons leading an active life. The abundance of sur-
gical techniques for clavicular osteosynthesis often makes
it difficult to select the most appropriate surgical proce-
dure, which is indicative of the absence of a “gold stan-
dard” technique. An overview of the literature and ortho-
pedic practice showed that plate osteosynthesis and
intramedullary nails are especially frequently used for
surgical treatment of clavicular fractures. According to
the majority of specialists, the resistance to the start load
determines the mechanical interactions in the bone—
implant—bone system. Therefore, it is of special interest
to compare the characteristics of the implants widely used
in orthopedic practice [5-11].

The goal of this work was to carry out a comparative
analysis of the characteristics of bone—implant—bone sys-
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tems for different surgical techniques of osteosynthesis of
midshaft clavicular fractures.

Materials and Methods

Groups of cadaver clavicle specimens with midshaft
fractures were studied. The clavicles were experimentally
fractured using an identical procedure and consolidated
using different techniques of osteosynthesis. In the exper-
iment, the specimens were randomized as to the
osteosynthesis technique. A group of specimens with
intact clavicles was also included in the study. The exper-
iments were performed in cadaver models of the same age
and sex and with similar anthropometric characteristics.
Bone—implant—bone specimens were randomly selected
for bench tests under conditions simulating actual
mechanical causes of fracture. The Instron 1185 universal
testing frame was used. The specimens were deformed in
three planes: horizontal (along the clavicle axis, with the
acromial extremity facing upward and the sternal extrem-
ity facing downward), frontal (from top downward), and
sagittal (anteroposteriorly). Each system was subjected to
dosed loading at a rate of 2 mm/min until complete
destruction. The results of the tests were plotted as load
(N) vs. time (s).

A technique for surgical treatment of midshaft clav-
icular fractures and an interlocking compression nail were

137

0006-3398/19/5302-0137 © 2019 Springer Science+Business Media, LLC



138

Minasov et al.

Fig. 1. Interlocking compression nail: a) schematic; b) after osteosynthesis in cadaver model; c) top view.

developed and patented (Utility Patent No. 2281786,
March 25, 2005, and Utility Patent No. 2345730,
February 10, 2009). The implant for intraosseous
osteosynthesis is an interlocking compression nail 1 with
a round cross section. The nail is threaded at one end. Its
other end 2 is extended and flattened and has a screw (3)
hole in it. The implant has two removable parts: a rectan-
gular metal plate 4 with a screw (6) hole in it and a com-
pression nut 5. A two-diameter tube is soldered to the
removable plate. The tube is threaded inside to fit the
threaded end of the nail 1, which has the shape of a trun-
cated cylinder at an angle of 90° with respect to the flat-
tened end of the nail (Fig. 1). This does not allow the nail
and the plate to move with respect to each other.

The strength characteristics in the horizontal plane
along the axis of the clavicle were studied in the following
groups of specimens:

1) specimen with intact clavicle;

2) specimen with a reconstruction plate 1.2 mm thick;

3) specimen with a reconstruction plate 2.3 mm thick;

4) specimen with the developed interlocking nail;

5) specimen with an LCP plate;

6) specimen with a thick Bogdanov’s nail (3.5 x 4.5 mm);

7) specimen with a Bogdanov’s nail (2 x 3 mm).

The strength characteristics in the frontal and sagit-
tal plane were studied in the following three groups of
specimens:

1) specimen with the developed interlocking nail;

2) specimen with a straight plate for clavicular osteo-
synthesis;

3) specimen with a reconstruction plate 2.3 mm thick.

The results of the bench tests were recorded using an
ADC providing automated recording of time, velocity,

and load force. Maximum peak values of the load resist-
ance, duration of effective load resistance, critical points
of failure of the system, magnitude of decline of inter-
fragmental stability, and the pattern of stress decrease
were measured.

Results

In bench tests of the bone—implant—bone systems
and the intact bone, maximum peak strength under hori-
zontal loading along the clavicle axis was observed in the
group of intact bone specimens (group 1). These speci-
mens were destroyed at a mean load of 2600 N. Maxi-
mum peak load resistances achieved using the tested stan-
dard techniques and certified implants were as follows
(Fig. 2):

— group 2 (2.5-mm reconstruction plate) — 1520 N;

— group 3 (4-mm reconstruction plate) — 1730 N;

— group 4 (the developed interlocking nail) — 2450 N;

— group 5 (LCP plate) — 2480 N;

— group 6 (Bogdanov’s nail 2 x 3 mm) — 1010 N;

— group 7 (Bogdanov’s nail 3.5 x 4.5 mm) — 1260 N.

The longest resistance time was exhibited by speci-
mens osteosynthesized using the LCP plate. These
remained stable for 817 s of the test. Shorter resistance
times were observed in specimens fixed using reconstruc-
tion plates and the developed nail. Specimens with
Bogdanov’s nails had the shortest resistance times.

In the case of top-to-bottom loading in the frontal
plane, maximum peak strength was observed in the group
of specimens with the developed nail (673 N). Specimens
with the straight plate and the reconstruction plate exhib-
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Fig. 2. Strength characteristics of the bone—implant—bone system in osteosynthesis of midshaft clavicular fractures under horizontal loading
along the axis of the clavicle.
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Fig. 3. Strength characteristics of the bone—implant—bone system in osteosynthesis of midshaft clavicular fractures under top-to-bottom load-
ing in the frontal plane.
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Fig. 4. Strength characteristics of the bone—implant—bone system in osteosynthesis of midshaft clavicular fractures under anteroposterior load-

ing in the frontal plane.

ited lower peak strength values: 607 and 188 N, respec-
tively. The longest resistance time was exhibited by speci-
mens with plate osteosynthesis (as compared to speci-
mens with the developed nail) (Fig. 3).

In the case of anteroposterior sagittal loading, maxi-
mum peak strength was exhibited by specimens with the
developed nail (1126 N) as compared to those with the
straight plate (981 N) and the reconstruction plate (8§40 N).
The resistance time was longer in the case of intramedullary
as compared to plate osteosynthesis (Fig. 4).

Comparative analysis of maximal values of axial load
resistance showed that plate osteosynthesis and nailing
using the developed nail provided comparable results.
Maximal resistance time was exhibited by specimens with
the LCP plate.

In the case of top-to-bottom loading in the frontal
plane, specimens with the developed nail exhibited high-
er peak values of resistance, while the resistance time was
longer in specimens with plated fractures.

Bench tests in the sagittal plane (anteroposterior
loading) showed that specimens with the developed nail
exhibited higher peak values of resistance and longer
resistance times.

Evaluation of the initial characteristics of the bone—
implant—bone system stability in osteosynthesis of mid-
shaft clavicular fractures made it possible to determine
the critical points of failure of the system. The obtained
data can be used for improving the implant performance.

Conclusions

Bench tests of the bone—implant—bone system in
midshaft clavicular fracture osteosynthesis showed that
the tested techniques do not allow the mechanical
strength of the intact bone to be achieved.

Evaluation of the system behavior under axial load-
ing revealed an instantaneous stress drop in intact speci-
mens, while in bone—implant—bone systems the decrease
in stress was, in the majority of cases, gradual.

The developed interlocking compression nail can be
recommended for osteosynthesis of clavicle shaft frac-
tures. Tests showed that the developed nail provides
strength characteristics comparable to those achieved
using other techniques.

Knowledge of the range of performance characteris-
tics of an implant allows its service life to be evaluated,
facilitating thereby selection of the optimal osteosynthe-
sis technique. It may prove to be a key factor in providing
effective surgical treatment. The functional rehabilitation
program and the load regimen should, in turn, be adjust-
ed to the selected osteosynthesis technique.
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