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Abstract

Introduction: Post-traumatic neck pain is important in the context of liability compensation.
In addition, legislative changes in 2015 give greater relevance to investigations. The aim of
this study is to evaluate the usefulness of biomechanical assessment tests in assessing post-
traumatic neck pain due to traffic accident by medical examiners, and to analyse the influence
of these tests in determining sequelae.

Materials and methods: A descriptive study was conducted with a sample of people with neck
pain after a traffic accident who were undergoing forensic assessment. Each medical examiner
participating in the study selected cases they believed would benefit from a more complete
assessment, conducted a pre-assessment of sequelae, referred cases for biomechanical assess-
ment and, after receiving the results, assessed sequelae and the usefulness of the test. The
initial and final assessments of sequelae were compared, taking into account the outcome of
the biomechanical testing. The usefulness of the test was also described.

Results: A total of 59 cases was included, 51 of which accepted the testing. Results showed
normal overall functionality (61%), slightly altered functionality (19%), altered functionality
(12%) and no collaboration (8%). There were differences between the pre-evaluation of sequelae
and the final assessment, with differences being less in the cases of normal functionality, no
collaboration and rejection of testing, and greater in the cases of impaired functionality. A
total of 98% of the test were useful to the participating medical examiners.
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Introduction

Conclusions: Biomechanical assessment test were useful to medical examiners in assessing post-
traumatic neck pain sequelae secondary to a traffic accident and helped to rate the magnitude
of the sequelae.

© 2017 Asociacion Nacional de Médicos Forenses. Published by Elsevier Espana, S.L.U. All rights
reserved.

Utilidad de la valoracion biomecanica en la determinacion de secuelas por cervicalgia
postraumatica

Resumen

Introduccion: La cervicalgia postraumatica es importante en el contexto de las indemniza-
ciones por responsabilidad civil. Ademas, los cambios legislativos de 2015 dan mayor relevancia
a las pruebas complementarias. El objetivo de este estudio es evaluar la utilidad de las prue-
bas de valoracion biomecanica en la valoracion de la cervicalgia postraumatica por accidente
de circulacion por parte del médico forense y analizar su influencia en la determinacion de
secuelas.

Material y método: Se realizé un estudio descriptivo con una muestra de personas con cer-
vicalgia por accidente de circulacion en proceso de valoracion en el Servicio de Clinica
Médico-Forense. Cada médico forense participante en la investigacion selecciond casos que
se beneficiarian de un mayor estudio, realiz6 una preevaluacion de secuelas, los remitio para
valoracion biomecanica vy, tras conocer los resultados, valord las secuelas y la utilidad de la
prueba. Se compar6 la valoracion inicial y final de secuelas en funcion del resultado de las
pruebas biomecanicas y se describid su utilidad.

Resultados: Se incluyeron 59 casos, 51 de los cuales accedieron a realizarse las pruebas.
Mostraron: funcionalidad global normal (61%), levemente alterada (19%), alterada (12%) y no
colaboracion (8%). Hubo diferencias entre la preevaluacion de secuelas y la valoracion final,
reduciéndose en los casos de funcionalidad normal, no colaboracion y rechazo de prueba, y
aumentando en los casos de funcionalidad alterada. El 98% de las pruebas resultaron (tiles
para los médicos participantes.

Conclusiones: Las pruebas de valoracion biomecanica fueron Utiles para los médicos forenses
en la valoracion de secuelas de la cervicalgia postraumatica por accidente de circulacion y
ayudaron a graduar la magnitud de las secuelas.

© 2017 Asociacion Nacional de Médicos Forenses. Publicado por Elsevier Espaia, S.L.U. Todos
los derechos reservados.

be around 60% in cervical sprains and about 50% in chronic
cervicalgia.®

Minor cervical injuries in traffic accidents are extremely
important due to their frequency and their economic impor-
tance in the context of civil liability claims, both in the
legislative framework up to 2015" and in the one that came
into force as of January 2016.% According to a study by the
MAPFRE Foundation® in Spain, this pathology is responsi-
ble for 50% of personal injuries caused by traffic accidents.
According to Garamendi and Landa (data from Medical-
Forensic Clinical Services)* it is involved in up to 50% of
the assessments requested for crimes or misdemeanours
and approximately 70% in the context of a traffic acci-
dent. In the references, there are very high percentages
of sequelae in the injuries derived from whiplash (above
64%), and these are fundamentally subjective (75%) and
with wide variability depending on the medical expert who
performs the assessment.’ The estimated incidence of exag-
geration of critical symptoms in the cervical spine could

The assessment of post-traumatic cervicalgia is complex
at the diagnostic level due to the lack of specific com-
plementary tests that allow the injury or its functional
repercussion to be objectified. Its evolutionary course is
often torpid with a tendency to be chronic and even depends
on psychosocial factors such as initial anxiety,” fear of pain®
or cultural environment.’ Lastly, the opportunity for sec-
ondary gain linked to compensation could be an additional
handicap for the assessment of bodily harm in the field of
forensic and legal medicine. Although it should also be noted
that, according to the systematic review by Spearing and
Conelly from 2011,"° there is no evidence of an association
between injury compensation and poor health outcomes in
people with whiplash.

In any case, any tool or method that improves the accu-
racy in the evaluation of this pathology and/or its sequelae
would have a great professional, socio-economic and even



108

M.J. Vivas Broseta et al.

legal impact. In addition, there are two facts that confer
greater relevance to the complementary tests at present.
The first is the entry into force of the new Law,” where the
sequela resulting from minor trauma to the cervical spine
is compensated only if a conclusive medical report confirms
its existence after the period of temporary injury. The sec-
ond is the new role of the medical examiner in extrajudicial
procedures (Organic Law of the Judiciary).""'? Both circum-
stances give greater importance to the complementary tests
that may be part of a medical-forensic assessment protocol
and are useful in the assessment of bodily harm. Specifi-
cally, the complementary tests that provide objective data
that are imposed on the subjectivity of the symptoms char-
acteristic of post-traumatic cervical syndrome.

Functional assessment using biomechanical techniques
consists of the instrumental evaluation of functions. These
tools allow an evaluation of the functional impact of an
injury from a complementary point of view to the diagno-
sis, as opposed to most of the ‘‘classic’’ complementary
examinations, in which the patient or subject is eminently
passive. Some examples of valid methodologies applicable
to the assessment of the functional repercussion of traf-
fic accidents involving the cervical spine are: the kinematic
assessment of cervical movement,’® the evaluation of bal-
ance by posturography'* or the dynamometric assessment of
strength in the hand.'® The treatment of the results allows
the comparison of the data obtained with the reference pop-
ulation of the person assessed, the analysis of coherence
in performing gestures, the congruence with other data of
the person evaluated or the repeatability of the records.'®
The functional assessment using biomechanical techniques
is widely implemented in Spain in areas such as physical
medicine and rehabilitation or occupational medicine, but
its development is still incipient in the field of forensic and
legal medicine. Although it presents good prospects as to its
use for the establishment of the health of the injuries, its
interest for the medical examiner and its influence in the
assessment of sequelae have not yet been studied.

The aim of this study is to evaluate the usefulness of
biomechanical assessment tests by the medical examiner in
the evaluation of minor cervical trauma due to traffic acci-
dents and to analyse their influence in the determination of
sequelae.

Materials and methods
Type of study and inclusion criteria of the sample

A cross-sectional, descriptive study was carried out by non-
probabilistic sampling of consecutive cases in the city of
Valencia, during the period between June 2013 and May
2014. The participants were people with post-traumatic
cervicalgia secondary to a traffic accident in the process
of forensic medical evaluation by one of the four medical
examiners of the Institute of Legal Medicine and Forensic
Sciences of Valencia who participated in the study. The inclu-
sion criteria for selecting the sample were: age between 18
and 65 years, more than 3 years and less than 18 months
since the accident, and no injuries of greater severity as
a consequence of the accident. Biomechanical tests were
prescribed for those injured who, following the stabilisation

of cervical injuries, the medical examiner considered would
benefit from obtaining complementary information through
biomechanical tests. These were cases in which there were
alterations in neck motility after the exploration or residual
subjective symptoms or there were inconsistencies between
the exploratory findings and the symptoms put forward or
there were doubts about the existence of real residual symp-
toms.

Assessment protocol

Pre-evaluation of sequelae

In a first consultation, all those injured were assessed by
their medical examiner through the study of their clinical
record, medical history, physical examination and classi-
fication by the Quebec Task Force scale."”” The Quebec
scale assesses the severity of the whiplash syndrome in
five grades. Data collection included socio-demographic fac-
tors, data regarding the accident, clinical diagnostic and
therapeutic data, evolution, current subjective status and
physical examination. In this first consultation, the medi-
cal examiners made their assessment of sequelae according
to the Royal Legislative Decree' in force at the time of
the study and recorded on the pre-evaluation form, which
was kept by a researcher of the study until the data analy-
sis phase. Participating medical examiners, who had been
trained in the correct prescription and interpretation of
biomechanical tests through two two-hour sessions of face-
to-face training, prescribed the tests and those injured were
referred for evaluation to the Institute of Biomechanics of
Valencia (IBV in Spanish). The testing was voluntary. All
participants were informed by their medical examiner and
expressed their written consent prior to the assessment.

Biomechanical functional assessment

The biomechanical functional evaluation consisted of kine-
matic assessment of cervical movement, dynamometric
assessment of hand strength and/or assessment of balance
by posturography as indicated by the medical examiner.
The kinematic assessment of cervical movement was per-
formed using the NedCervical/IBV application, based on
3D photogrammetry.’> Hand strength was assessed using
the NedMano/IBV application, based on a non-deformable
dynamometer.'®" The balance assessment was performed
with the NedSVE/IBV application, which records the dis-
placement of the pressure centre using a dynamometer
platform?%?' (Fig. 1). In all three cases, the results are com-
pared to reference databases segmented by the disturbing
variables of each type of assessment, such as sex, age or
height. The three evaluation methodologies have been pre-
viously used in forensic medical assessment.'>?? The results
of each assessment were presented in a technical report to
the medical examiner according to the technical standard
UNE 50135:1996?° prepared by a medical expert in biome-
chanical evaluation. The conclusions of the report always
referred to the function assessed (which could be normal,
slightly altered or altered), the limitation in the ranges
of movement (if any) and whether or not the person had
cooperated during the test; in other words, if they made
an effort compatible with their possibilities to perform the
gestures requested by the evaluator and, therefore, the
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Figure 1
NedSVE/IBV (C) systems, respectively.

results showed their real functional state. This conclusion
is reached from the analysis of the consistency of results,
study of repeatability of registers and/or comparison with
patterns of simulated forms.

Final evaluation of sequelae and usefulness assessment
of biomechanical tests

Once the biomechanical assessment report was received,
the medical examiner completed the final evaluation form
indicating the assessment of sequelae contained in the
definitive Medical Forensic Health Report. In addition, their
opinion was gathered about the usefulness of the biome-
chanical assessment report in decision-making and based on
which criteria: (1) to show or confirm recovery, (2) show or
confirm active symptoms and (3) show or confirm simulation.

Variables analysed

The variables analysed in this study are:

e Sequela score: numeric variable corresponding to sequen-
tial points awarded by each medical examiner participat-
ing in the study in the pre-evaluation and final evaluation
according to the scale in force.’

e Type of sequela: description of the type of sequela
granted in each case according to the scale in force.’

o Usefulness: dichotomous variable (yes/no) corresponding
to the usefulness of the biomechanical assessment report
perceived by the medical examiner.

Laboratorio de
cion Funcional

Images corresponding to the biomechanical assessment protocol with the NedCervical/IBV (A), NedMano/IBV (B) and

e Type of biomechanical outcome: a description of the
result obtained in the biomechanical assessment tests,
which could be one of four types: ‘‘normal functionality’’,
**slightly altered functionality’’, ‘‘altered functionality’’
or ‘‘non-cooperative’’ in the event of a lack of collabora-
tion during the tests. The lack of collaboration during the
tests means that the person assessed does not make an
adequate effort to the best of their abilities to perform
the gestures requested by the evaluator.

Data analysis

Data analysis was performed using the Microsoft Excel com-
puter application and SPSS statistical software. It consisted
of a descriptive analysis of the characteristics of the sample
and the variables of this study. Furthermore, a multivariate
statistical analysis was performed to compare the sequela
score in the pre-evaluation and in the final assessment using
the ANOVA technique for the set of cases corresponding to
each type of biomechanical result.

Results
Description of the sample

During the recruitment period of the sample, 208 injured
people met the established criteria, of which 64 (30.8%)
were selected for biomechanical assessment and comprised
the sample for this study. Of the 64 injured people who were
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Does not coorperate 8%

Altered function
12%

Slightly altered
function
19%

Figure 2

submitted to the biomechanical study, 51 (79.7%) consented
to the test, 8 (12.5%) refused to undergo biomechanical
assessment and 5 (7.8%) were excluded from the study due
to methodological problems in data collection.

The sample of people assessed consisted of 65% women
and 35% men. The mean age was 36 years in women
(standard deviation=9.9) and 35 years in men (standard
deviation =10). 82% of the accidents were from behind and
253 days after the accident occurred (at least 107 days and
a maximum of 398 days) at the time of assessment. Accord-
ing to the physical examination by the medical examiner,
57% of the sample presented grade 1 injury following the
Quebec classification and 43% grade u. Both grades refer
to pain, sensation of stiffness and cervical discomfort, in
grade 1 with musculoskeletal signs (decreased joint move-
ment and painful points) and in grade | with no signs. 100% of
the sample referred cervical pain as initial symptoms and, to
a lesser extent, other symptoms such as stiffness, dizziness,
headache, paresthesia, nausea, vertigo or vomiting.

Results of the biomechanical tests

There were 47 kinematic assessments of cervical move-
ment (92.2% of patients), fifteen assessments of hand
strength (29.4%) and eight balance assessments (15.7%). The
following were obtained: 31 cases (61%) with normal func-
tionality, 10 (19%) with slightly altered functionality, 6 cases
(12%) with altered functionality and 4 cases (8%) of non-
cooperation during the biomechanical tests. The percentage
of cases corresponding to each type of biomechanical result
is presented in Fig. 2.

Comparison between pre-evaluation of sequelae
and final assessment

The percentage of cases with and without sequelae in the
pre-evaluation of medical examiners and in the final evalu-
ation is presented in Fig. 3.

Table 1 shows, for each type of sequela granted, the num-
ber of cases with sequela, both in the pre-evaluation and in
the final evaluation. In addition, the mean score of sequelae
for each type of sequela is presented. The total number of
cases with sequelae varies between the pre-evaluation and

Normal function
61%

Distribution of biomechanically assessed cases by type of test result obtained.

the final evaluation due to the change of medical examiner’s
criteria.

By comparing sequelae according to the type of biome-
chanical result, differences are observed between the
medical examiner assessment of sequelae prior to the
biomechanical assessment and the final assessment, as
shown in Fig. 4. The difference in the assessment of seque-
lae between the pre-evaluation and the final assessment was
statistically significant (p < 0.05) according to the ANOVA test
for the set of cases with normal functionality. These dif-
ferences were not statistically significant in the rest of the
groups, whose sample size was much lower.

Medical assessments’ opinion on the usefulness of
biomechanical assessment tests

Data were collected from 49 of the 51 assessed cases and in
98% of cases (all but one) the medical examiner considered
biomechanical assessment to be ‘‘useful’’. The criteria
used to indicate the usefulness of the tests were: ‘‘confirm
or show recovery’’ in 26 cases, ‘‘confirm or show active

100% 96%
90% -
80% -
70% -
0% 58%
50% 1 42%
40%
30% -
20%

10% 4%

0% -

No sequelae With sequelae

EPre-assessmentd Final assessment

Figure 3  Percentage of cases with and without sequelae in
the pre-evaluation and final evaluation of medical examiners
(before and after knowing the results of the biomechanical
tests).
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Table 1

Summary of the number of cases with sequelae and their mean score in the pre-evaluation and final evaluation of the

medical examiner after knowing the results of the biomechanical tests.

Type of sequela

No. of cases with sequela

Mean score of the sequela

Pre-evaluation

Final evaluation Pre-evaluation Final evaluation

2 2.67 3
10 1.08 1.3
1 1.71 5
5 4.5 2.4
1 2.4 7
10 0 2.8

29 = =

Aggravation of prior arthrosis 3
Post-traumatic cervical injuries without 13

spinal involvement
Post-traumatic cervical injuries with spinal 7

involvement
Clinical picture derived from cervical hernia 4
Post-traumatic cervical syndrome 17
Mobility limitation of the cervical spine 0
Total 44

4
2.8
25
2.4
s 175 1.83
0.6
0.5
0
™ Normal T Slight Significant Does not Refuses
functionality functional functional cooperate assessment
alteration alteration

[[] Pre-assessment  [lllFinal assessment

Figure 4 Mean score of the sequela for each type of biome-
chanical result in the pre-evaluation and final assessment of
medical examiners (before and after knowing the results of the
biomechanical tests).

symptom’’ in 21 cases and ‘‘confirm or show simulation’’
in 2 cases.

Discussion

The characteristics of the sample of this study (65% women
and mean age of 36 years in women and 35 in men) are
similar to those of other studies on post-traumatic cervi-
calgia due to traffic accidents in a medical-legal context in
Spain,?4?> which strengthens the representativeness of our
study sample. In the series from Pera Bajo et al.,?* of 406
cases, the percentage of women was 59.6% and the average
age of about thirty-six. In the sample from Rodriguez-Diaz
et al.,”> with 307 cases, female predominance was also
found with 61.9% and a mean age of 35.3 years.

It is notable that the number of rejections to perform
the test was a minority. Due to this it can be considered

that the information protocol was effective, as it led to
the injured people agreeing to perform the assessment.
With the legislative change brought about by Law 35/2015,2
the tests performed at the request of the assessing doctor
would be part of the complementary examinations to which
the patient may undergo to receive compensation; there-
fore, the rejection of the assessment could have influence
on its attainment. Even so, it is interesting to note that
most people in the assessment process voluntarily accept
the biomechanical tests indicated by the medical examiner.

According to the indication criteria of the medical exam-
iners, the most applicable biomechanical test was the
kinematic assessment of cervical movement, which was per-
formed in most cases. The dynamometric evaluation tests
for hand strength and balance assessment were used on a
smaller number of occasions and in this order. Bearing in
mind that moderate/severe levels of persistent pain and
disability continue to exhibit loss of active movement sev-
eral years after injury,? it is logical that the assessment of
cervical mobility is of interest in the assessment of seque-
lae. Thus, it would be interesting to contrast if this order
represents the real interest of medical examiners by the dif-
ferent biomechanical assessment tests in the assessment of
post-traumatic cervicalgia due to a traffic accident in future
studies.

The most common result obtained in the biomechanical
tests was normal overall functionality, which means that
most of the cases whose assessment generated doubts had
functionality within normality. It should be clarified that, in
the case of the assessment of function related to cervical
mobility and according to the biomechanical assessment
reports themselves, normal overall functionality is not
exempt from any type of alteration. In fact, in some cases,
normal overall functionality can be accompanied by a
limitation of movement in some of the planes, so it is
not exempt from sequelae compensation due to mobility
limitations. The cases with an altered or slightly altered
functionality type of biomechanical result accounted for
only a third of the sample. The proportion of cases that
do not cooperate with the biomechanical assessment tests
obtained in this study is clearly lower than the 50% simu-
lation prevalence reported by some authors.® This result
may be indicative of a lower real prevalence of simulation
in the target population, or of the fact that those injured
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people with an impression of simulation or exaggeration in
the clinical consultation cooperate when dealing with an
objective test. The sensitivity of the biomechanical assess-
ment tests to detect non-cooperative behaviour has been
previously demonstrated in the case of the methodology
used for the kinematic assessment of the cervical spine’
and is widely accepted in the case of posturography.

Taking into consideration the comparison between pre-
evaluation and final assessment of the sequelae according
to the traffic scale in force at the time of the study,’ it
can be seen that the medical examiner modifies their cri-
terion after knowing the results of the biomechanical tests.
They do so by following a trend: they assign a similar seque-
lae score among the entire sample of injured people in the
pre-evaluation and, after knowing the results of the biome-
chanical tests, they change the score according to the test
results. Hence, in the cases of normal overall functionality,
with a lack of cooperation and rejections of biomechan-
ical assessment, the sequelae score clearly decreases; it
discretely increases in the case of slight alteration; and it
increases considerably in the event of functional impair-
ment. The lack of statistical significance in these results
could be caused by the limited sample size in one of the
groups.

Regarding the type of sequela granted, the most striking
differences attributable to the fact that the medical exam-
iner has the results of the biomechanical assessment are
given in two cases. The first case is given in the sequelae
due to post-traumatic cervical lesions with spinal involve-
ment and in the clinical picture resulting from spinal disc
herniation. In this case, there is a considerable reduction
in the number of injured people that are given sequelae in
the final assessment, although in those in which the seque-
lae persist, the average score increases. This seems to be
related to the fact that most of the people evaluated have
normal functionality and finally do not receive compensation
for this type of sequelae; however, those who do receive it
receive more because there is a real functional impact. The
second case corresponds to the limitation of motion of the
cervical spine and clearly increases in cases and score, since
in the pre-evaluation there were no sequelae of this type.
This may be justified by the fact that normal overall func-
tionality that has been obtained in most of the sample may
be accompanied by discrete movement limitations that may
be the object of compensation for sequelae. From this infor-
mation, it appears that there is a tendency to distribute the
sequela points based on the objectification of the existence
of functional alterations and their severity.

Regarding the determination of sequelae in other stud-
ies, there is great disparity and the percentages in which
sequelae are reported range from 92% to 44%.” It seems
reasonable that in the pre-evaluation of this study, a higher
percentage (96%) was obtained since the cases of greater
complexity were referred. However, it is striking that, after
functional assessment, the percentage of patients with def-
inite sequela is at an intermediate point (58%). It could be
thought that the observed differences between the different
studies may be due to a disparity of interobserver criteria
and that the biomechanical assessment allows this possible
bias to be limited, moving away from the extreme positions.
However, this extreme should be studied in depth in the
future to establish a definitive conclusion.

In relation to the main objective of the project, the result
of the experimental phase indicates that the biomechanical
assessment tests were useful for the medical examiners in
the assessment of the people with cervicalgia from a traffic
accident and in real conditions of application. This is con-
sistent with previous experience regarding the application
of these tests in this field.">?? In addition, it was observed
that the participating physicians modified their criteria in
different senses, both towards the increase and towards
the decrease of sequelae. For this reason, we could con-
sider that they have increased the accuracy of their opinions
putting both recovery and the existence of pathology in
objective terms.

However, there are a number of methodological limita-
tions that could influence the generalisation of the results
of this study and they should be noted. The first is that it has
been carried out with the participation of only four medical
examiners, who have participated voluntarily in this study
and who have been deliberately trained for it in the con-
text of this research project. The second has to do with the
criteria for the prescription of biomechanical tests, which
admitted a certain subjectivity. It would be interesting to
find out whether equivalent results would be obtained with
a sample derived from the application of other remission
criteria of injured people for evaluation. Finally, it should
be noted that the legislative context in which this study
was carried out is no longer the current one. Thus, although
preliminary, the results of this study are encouraging to vali-
date the usefulness of biomechanical assessment in medical
examiner assessment protocols.

The conclusions reached are:

1. The biomechanical assessment tests proved useful in the
assessment of people with minor cervical trauma due to
traffic accidents by medical examiners and under real
application conditions.

2. Medical examiners evaluated the sequelae considering
in the final decision making the results obtained in the
biomechanical tests.

All these results, although preliminary, suggest that
biomechanical tests in the assessment of people with post-
traumatic cervicalgia due to a traffic accident could have a
significant social repercussion. In addition, the possibility of
providing medical examiners with complementary medical
tests for objective assessment of the functional impact of
injuries would contribute to providing better justice. Future
research should be aimed at validating the results of this
study with greater participation of medical examiners in the
context of the new Traffic Law? and their new role in the
extrajudicial procedures covered by the new Organic Law
of the Judiciary."""?
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