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ABSTRACT

Planning of a fracture reduction is important in order to reduce the surgery time, with the consequent
improvement of the recovery process. There are no fully automatic methods that solve an adequate frac-
ture reduction without the intervention of a specialist. Usually there are parameters that must be super-
vised or adjusted by the specialist, in order to obtain a satisfactory reduction. Furthermore, most of the
studies in the literature focus on a certain type of bone and area on it. This paper presents an approach
that tries to reduce to some extent the intervention of the specialist, so that it can be closer to an au-
tomatic approach. The proposed method can be applied to a wide variety of bones and areas, based on
the identification of the complete fracture zone and the use of an ICP algorithm modified to work with
the distance between fragments. The cases in which it has been tested are clinical cases of real fractures
obtained from CT scan. This method allows working with a wide range of fractures, as well as com-
plex fractures or deformed fragments. Unfortunately, all possible cases and situations could not be ob-
tained and proved, but the method can be successfully applied to cases that meet a set of characteristics.
The proposed technique has been validated by experts, both visually and empirically, using a framework
based on virtual reality (VR). This VR framework has allowed comparing the reduction performed by the
method with a reduction made virtually by specialists. This technique has also been compared with other

existing techniques, obtaining a significant improvement over these.

© 2021 The Author(s). Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Planning a fracture reduction offers significant advantages in
terms of the time spent on the intervention, with the consequent
benefit to the patient after the surgery, as well as the success rate
of the procedure. Knowing the fracture zones of each fragment, the
correct orientation of the fragments for reduction, as well as the
identification of the fragments that will be joined to each other, are
the objectives of this planning. Fracture reduction planning could
be defined, at the scope of this paper, as the process that leads to
obtaining for each bone fragment, its position and rotation within
the fracture. After proper positioning of the fragments it may be
necessary to design a plate for fracture fixation (Liu et al., 2019),
but this issue is outside the scope of the method proposed in this
work.

The motivation of planning for fracture reduction is derived,
from a clinical point of view, from the need to reduce the inter-
vention time, as previously mentioned. Once the optimal position
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of the fragments is determined, the fracture must be fixed, usually
with the insertion of elements such as plates or screws (Jiménez-
Delgado et al., 2016). Ideally, it would also be necessary to take
into account the tissues that surround the bone structures, in addi-
tion to the way of approaching the intervention, whether it is open
or closed. All these aspects must be considered in surgical simula-
tions, especially, in which assistance with virtual reality techniques
(Jiménez-Delgado et al., 2020) and haptic devices are of great help
(Kovler et al., 2015). For some types of comminuted fracture re-
ductions, in which optimal position of the fragments relative to
fixation elements is essential, another type of planning must be
done. In this work, it has been considered to perform the reduc-
tion without taking into account external elements for fixation or
surrounding tissues, solving, in an adequate way, the best position
of fragments, as well as the resolution of the pairing of fragments
in complex fractures.

The existing literature usually solves the reduction either by
identifying some significant points of the fracture zone or by man-
ual identification for later alignment (Chowdhury et al., 2006;
2009). Conventional approaches ignore some of the information,
so the results can be improved and are not as accurate as they
could be. These significant points are used for reduction using
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The evaluation of this process has been conducted using a sub-
jective validation of the results obtained and performed by experts,
both visual and objective, by means of a virtual reality system
for fracture reduction, in which the result obtained by our semi-
automatic system has been compared with the virtual reduction
made by experts. In addition to the above, an empirical analysis of
the results obtained has been done, based on the overlap, transla-
tion and rotation error obtained in the experiments, and compared
with other similar fracture reduction works.

Regardless of the different types of bones and areas covered
in this study, there may be specific areas or cases that have not
been taken into account. It is considered necessary to further test
the method developed in further real clinical cases. Finally, unless
the technique is improved regarding the automation of the pro-
cesses, for multiple fragments could be necessary a coarse rotation
or alignment of the fragments. In the cases described in the results
section, no rotation or alignment was needed.

As a future work, it is proposed the development of an auto-
matic alignment of the fragments for complex cases when neces-
sary, based on the topology of the fragments. The fully automatic
calculation of the different parameters for obtaining the fracture
zone is also proposed, as well as the study of the impact of differ-
ent ranges of values for these parameters in the reduction finally
obtained. At last, more fracture cases should be used to validate
the system, although it is complex to obtain real cases of partic-
ular types of fractures. To this aim, work is being done on the
automatic generation of fracture cases on geometric bone models,
which simulate the properties of certain types of fracture.
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