£

and Public Health

International Journal of
Environmental Research

Review

Effect of Periodic Vehicle Inspection on Road Crashes and
Injuries: A Systematic Review

Luis Miguel Martin-delosReyes 1,2(5, Pablo Lardelli-Claret 134, Laura Garcia-Cuerva 1,

Mario Rivera-Izquierdo

check for

updates
Citation: Martin-delosReyes, L.M.;
Lardelli-Claret, P.; Garcia-Cuerva, L.;
Rivera-Izquierdo, M.; Jiménez-Mejias,
E.; Martinez-Ruiz, V. Effect of
Periodic Vehicle Inspection on Road
Crashes and Injuries: A Systematic
Review. Int. |. Environ. Res. Public
Health 2021, 18, 6476. https://
doi.org/10.3390/ijerph18126476

Academic Editor: Paul B. Tchounwou

Received: 5 May 2021
Accepted: 11 June 2021
Published: 15 June 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2,4,5,6

1,3,4,5 1,3,4,%

, Eladio Jiménez-Mejias and Virginia Martinez-Ruiz

Department of Preventive Medicine and Public Health, School of Medicine, University of Granada,
Avenida de la Investigacion 11, Edificio A, 8” planta, 18016 Granada, Spain; luismiguelmr@ugr.es (L.M.M.-d.);
lardelli@ugr.es (P.L.-C.); laugarcia92@gmail.com (L.G.-C.); mariorivera@ugr.es (M.R.-L);
eladiojimenez@ugr.es (E.J.-M.)

Doctorate Program in Clinical Medicine and Public Health, University of Granada, 18071 Granada, Spain
Centros de Investigacion Biomédica en Red de Epidemiologia y Salud Publica (CIBERESP), 28029 Madrid, Spain
Instituto de Investigacion Biosanitaria de Granada (ibs. GRANADA), 18012 Granada, Spain

Department of Teaching and Research in Family Medicine, School of Medicine, University of Granada,
18016 Granada, Spain

Service of Preventive Medicine and Public Health, Hospital Universitario Clinico San Cecilio,

18016 Granada, Spain

Correspondence: virmruiz@ugr.es

[S NS N

Abstract: This systematic review was conducted to determine the effect of periodic motor vehicle
inspections on road crashes and injuries, compared to less exposure to periodic inspections or no
inspections. The Medline, Web of Science, and Scopus databases were used to search the literature.
Ecological studies were specifically excluded. A reverse search of the results with these databases
and of other identified narrative reviews was also performed. Of the 5065 unique references initially
extracted, only six of them met the inclusion criteria and were selected for review: one experimental
study, two cohort studies with an internal comparison group, two cohort studies without a com-
parison group, and one case—control study. Two authors independently extracted the information
and assessed the quality of each study. Due to the heterogeneity of the designs and the intervention
or comparison groups used, quantitative synthesis of the results was not attempted. Except for the
case—control study, which showed a significant association between road crashes and the absence
of a valid vehicle inspection certificate, the other studies showed either a small reduction in crash
rates (around 9%), no association, or a higher crash rate in vehicles with more inspections. In all
observational studies, the risk of residual confounding bias was significant and could have explained
the results. Therefore, although the research reviewed here suggests that periodic inspection may be
associated with a slight reduction in road crashes, the marked heterogeneity along with probable
residual confounding in most reports prevented us from establishing causality for this association.

Keywords: vehicle inspection; road crash; road injury; motor vehicles

1. Introduction

Vehicle defects have been identified as one of the contributing causes of road crashes.
The proportion of road crashes attributed to vehicle defects estimated in previous reports
varied widely from 3% to as much as 19% in developed countries [1,2], and the highest
rate reported as 27% in developing countries [3]. This relationship is the main reason
used to justify the implementation, in many countries, of vehicle technical inspection (VTI)
programs as a legal requisite for roadworthiness, given that such inspections can detect
technical defects and thereby prevent crashes [2,4-6].

However, novel technologies and advances in traffic safety in recent years have led
to declines in road crash rates, and as a result, some countries or regions within countries
have opted to abolish this legal requirement [7,8]. According to reports by the National
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Highway Traffic Safety Administration in the USA, the risk of road crashes associated with
driving a vehicle manufactured before 2000 is 71% higher than for vehicles manufactured
in 2010 and later [9]. This finding, along with similar data, constitutes the main argument
supporting economic subsidies intended to lower the mean age of vehicles on the road,
instead of building, maintaining, and operating specialized VTI centers in those countries
with VTI policies in effect [8]. Previous studies (none of which were systematic reviews)
on this issue were inconclusive regarding the usefulness of VTI in reducing road crashes.
The article by Jarosinski [4] noted the problem of underestimating the effects of vehicle
technical defects in the causal chain of road crashes—a consequence of the fact that most
published studies were based on registries maintained by police agencies. It was noted
that officers at the scene lacked sufficient resources to record information on all factors
that might have caused the crash, particularly those attributable to technical defects in the
vehicles involved. According to Jarosinski, this accounted for the differences between the
findings of studies on the usefulness of VII. The review by Rechnitzer et al. [2] concluded
that studies published up to the time their review was written have evident methodological
shortcomings that rendered them unable to evaluate the relationship between VTI and
automobile defects rigorously. These authors admitted that most such studies were rather
old and that the characteristics of vehicles on the road had changed substantially in the
meantime, as shown by the increase in warranty periods offered by car manufacturers.

It appears evident that maintaining mandatory VTI should be backed by evidence of
its efficacy in reducing road crashes, rather than solely by theoretical arguments, based on
its proven usefulness in detecting (and correcting, when necessary) vehicle defects poten-
tially associated with a greater risk of causing road crash [2,4-8]. In principle, the high cost
of maintaining specialized testing and inspection centers and the contradictions among
classic review articles available to date would appear not to justify the implementation of
systematic inspections. The present study was undertaken with the aim of systematically
reviewing analytical studies (i.e., studies capable of providing evidence of causality) pub-
lished to date to shed further light on the usefulness of VTI in order to quantify the effect
of periodic motor vehicle inspection on the rates of road crashes and related injuries.

2. Materials and Methods

This systematic review was done in accordance with the guidelines in the PRISMA
statement [10]. The elements used to define the research question according to the PICOS
system were as follows:

Population: Motor vehicles.
Intervention: Periodic vehicle inspection.
Comparison: Any vehicle status resulting in lower exposure to periodic inspection
compared to the intervention group (for example, no inspection, lower frequency of
inspection, or greater time elapsed since the most recent inspection).

e  Outcomes: Road crashes, injuries resulting from road crashes, deaths resulting from
road crashes.

e  Study design: Analytical studies based on individual data, i.e., with the vehicle and /or
its driver as the unit of study. Ecological studies were specifically excluded because
the level of causal evidence they provide is considered weak [11,12].

Studies published in English, German, Spanish or Portuguese were included. No
restrictions on the year of publication were used. The reference lists of all articles initially
extracted were used for the reverse review. Although review articles were excluded from
the initial searches, their Reference lists were used as sources of information to identify
additional studies containing primary data. The information sources used for bibliographic
searches were Medline, Web of Science (WOS), and Scopus. The search strings used for
each database are shown below:

Scopus:
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TITLE-ABS-KEY(vehicle* OR motor* OR car*) AND TITLE-ABS-KEY (inspection* OR
maintenance) AND TITLE-ABS-KEY (traffic* OR road*) AND TITLE-ABS-KEY (accident*
OR crash* OR casualt* OR mortalit* OR death OR injur* OR safety OR roadworthiness)

WOS:

TOPIC: (vehicle* OR motor* OR Car*) AND TOPIC: (inspection* OR maintenance)
AND TOPIC: (traffic* OR road*) AND TOPIC: (Accident* OR Crash* OR Casualt* OR
Mortalit* OR Death* OR Injur* OR safety OR roadworthiness)

Medline:

((((vehicle*[Title/ Abstract] OR motor*[Title/ Abstract] OR Car*[Title/ Abstract])) AND
(inspection®[Title/ Abstract] OR maintenance[Title/ Abstract])) AND (traffic*[Title/ Abstract]
OR road*[Title/ Abstract])) AND (Accident*[Title/ Abstract] OR Crash*[Title/ Abstract] OR
Casualt*[Title/ Abstract] OR Mortalit*[Title / Abstract] OR Death[Title/ Abstract] OR Injur*
OR safety OR roadworthiness) [Title/ Abstract])

Two authors were responsible for the final selection of articles for inclusion. Each
author independently evaluated and extracted the relevant information from each article
included for analysis. Information from each article was recorded for the following vari-
ables: bibliographic reference, type of design, study population, intervention or exposure,
comparison, duration of follow-up, outcome, estimated effect size, main results and quality
evaluation, risk of biases, and limitations. To evaluate the quality of observational studies,
we used the Newcastle-Ottawa Scale [13], and for experimental studies, we used the
Jadad scale [14]. A senior researcher resolved discrepancies between the two evaluators.
As explained in the Results section, the marked heterogeneity among studies regarding
their design, exposure groups, and comparison groups prevented us from undertaking a
quantitative synthesis of the results from all studies (meta-analysis).

3. Results

Figure 1 shows the flow diagram for the selection of sources included in the present
systematic review. The initial search yielded 5065 unique references, most of which were
excluded on the basis of their title and abstract. The main reason for exclusion was a study
objective different from any of the outcomes specified in our PICOS outline (for example,
engineering studies that evaluated the technical quality of VTI facilities). Reading the full
text of all 54 articles remaining after this initial screen showed that only six fulfilled all
inclusion criteria defined in our PICOS strategy. The reasons for exclusion for the other
48 articles are shown in Figure 1.

Table 1 summarizes the main characteristics of each of the six articles included for
systematic review, their overall quality, and potential biases. The main results from each
study in chronological order are summarized below.

e  Schroer and Peiton [15] found a significant 9.1% reduction in crash rate in vehicles
between 5 and 10 years old that underwent VTI compared to uninspected vehicles.
The authors noted that their comparison might have been distorted by roadside
inspections in the state (Alabama, USA) where the study was done. In addition,
exposure to VIT was voluntary, a factor that seriously compromised the comparability
of their exposed and unexposed groups.

e  White [16] evaluated the effect of the number of weeks elapsed since the most recent
inspection on crash rates and observed a statistically significant positive correlation.
Although the author adjusted the estimate for the expected change in rates in the
absence of VTI exposure, and aside from the quality of the data used in this analysis,
the results may have been biased by the effect of other time-related variables in
vehicles or drivers that were not controlled for, such as intensity of exposure.

e  Fosser et al. [17] published the only experimental study carried out to date and randomly
assigned vehicles to one of three comparison groups (no inspection, a single inspection,
annual inspections). No significant differences were seen in the number of road crashes
per 1000 vehicle days. However, the frequent random roadside inspections in Norway
during the study period (which involved up to 20% of all vehicles yearly) might have
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diluted the possible beneficial effect of VII exposure. It should be noted that this study
was an open trial, dropouts from the scheduled interventions were reported, and the
vehicles included were limited to those between 7 and 11 years old.

o Blows etal. [18] used a case—control design to compare drivers involved in road crashes
with victims vs. a random sample of drivers on the road. In both groups, telephone
interviews were used to record whether the vehicle had a VTI certificate. A significant
association was found between not having a certificate of inspection and being involved
in a crash, with an odds ratio ranging from 1.87 to 3.08 depending on how missing values
were handled for the exposure variable. Although the estimate was adjusted for several
confounding factors, the type of design and method used to record exposure (self-report)
raised questions regarding the causal nature of the association found.

e  Christensen and Elvik [19] used a pre—post design to compare the outcome incidence
(crash rate) in a single group of vehicles studied before and after exposure to one,
two, or three inspections. Although inspection was associated with a reduction in
vehicle defects, and the presence of defects was associated with higher crash rates, the
analysis unexpectedly showed that crash rates increased after inspection. The authors
suggested this finding might be attributable to a risk compensation phenomenon, i.e.,
after inspection, drivers may have believed their vehicle to be safer and consequently
engaged in more risky behaviors. It should be noted that the causal evidence from
pre—post studies is weak. Moreover, the reliability of the outcome evaluation in this
study was questionable given that it was dependent on whether accident claims
were filed with the drivers’ insurance company. The rate of reporting may differ
depending on the severity of the crash, resulting in distortions in the relationship
between inspections and accident rates. A further limitation was the lack of control for
confounders related to driver characteristics, which were not recorded in this study.

o Keall and Newstead [20] compared crash rates in vehicles that underwent annual
inspection vs. vehicles inspected biannually and found a slight but significant 8%
reduction in the crash rate in the latter group after adjusting for differences in vehicle
age in the two groups (vehicles inspected annually had a mean age less than 7 years
whereas vehicles inspected every six months were 7 years old or older).

Table 1. Main characteristics of the selected studies.

- Study Design . .
- Author Y 18 - Study Populations Main Result .
P - Study Period Yy - op! - Outcome Quality Assessment
- (Year of Publication) - Intervention and (p Value or 95% :
- Study Area . Ler_‘%gt:fsl::gg:'UP Comparison -Measure of Effect ¢ 5 dence Interval) Sources of Bias

Retrospective cohort study NOs!: 7

Schroer, B.J. &
Peiton, W. P. (1978)
Huntsville

April 1975 to December 1976
21 months

Linkage of
pre-existing databases:

8494 inspected vehicles
30,089 non-
inspected vehicles

Road crash rates
(per vehicles)

9.1% reduction in
inspected vehicles
(one-tailed test:

Selection: 4
Comparability: 1
Outcome: 2

Secondary sources

(Alabama, USA) . . Percent change p <0.05) of information
- Vehicles registered Voluntary assignment
- Vehicle inspected of exposure High risk
- Road crashes of confounding
Retrospective cohort study Road crash rates NOS !: 6
129230—1954 (per inspected cars) Selection: 3
White, W. T. (1985) weeks 9714 cars inspected; Coeffici £ th 0.028 Cogptarabﬂ.lt%l: 1
Levin township Linkage of 5898 cars inspected vari(a)lil éc}s;et e(l)<sta fier (one-tailed test: utcome:
(New Zealand) pre-existing databases: at least twice the last inspection” p =0.0002) Secondary sources of
- Vehicles inspected in a Poisson information High risk
- Road crashes regression model of confounding
204,000 vehicles,
including vans and
Randomized controlled trial passenger cars
1986-1990 . Jadad scale 2: 2
Three 1-year periods Three comparison groups: Road crash rates No statistically
Fosser, S. (1992) Pri dat (1) 4600 ﬁlrimspected (per car-days) significant differences Dropouts from
Norway rimary data annually between between rates in the scheduled
about inspections 1986 and 1988 Not estimated three groups interventions
Data accidents (2) 4600 vehicles No blinding

(insurance companies)

inspected once in 1986
(3) 112,000 non- inspected
cars (Control group)
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Table 1. Cont.

- Author
- (Year of Publication)
- Study Area

- Study Design
- Study Period

- Length of Follow-Up
- Data Sources

- Study Populations
- Intervention and
Comparison

- Outcome
- Measure of Effect

Main Result
(p Value or 95%
Confidence Interval)

Quality Assessment
Sources of Bias

Blows, S. et al. (2003)
Region of Auckland
(New Zealand)

Prospective
case—control study
March 1998 to July 1999

Face-to-face or
telephone interviews

Cases: 571 hospitalized
drivers of passenger cars,
vans, and light
industrial vehicles

Controls: 588 drivers of
non-accident vehicles,
obtained by random
cluster sampling

Frequency of being
in possession of a
Warrant of Fitness

or vehicle
inspection certificate

Odds ratio

2.67
(1.46, 4.86)

NOS: 6
Selection: 4
Comparability: 2
Outcome: 0

Type of design
(case—control)
Information
(recall) bias
Residual
confounding

Christensen, P.
&Elvik, R. (2007)
Norway

Retrospective pre—post
cohort study
1998-2005
Up to 5 years

Linkage of
pre-existing databases:
-Inspections (public road
administration)

- Crashes (insurance
company)

253,098 passenger cars
observed before and
after one, two, or
three inspections

Road crash rates
(per car)

Percent change

Vehicles with one
inspection: +2.6%
(—0.7%, 6.0%)
Vehicles with two
inspections: +8.4%
(3.9%, 13.2%)
Vehicles with three
inspections: +4.0%
(—23.6%, 41.5%)

NOS!: 5
Selection: 3
Comparability: 0
Outcome: 2

Type of design
(pre—post)
Secondary sources of
information High risk
of confounding

Keall, M.D. &
Newstead, S. (2013)
New Zealand

Retrospective cohort study
2003-2009
Up to 6 years

Linkage of
pre-existing databases:
- Crash data
- Licensing data
- Inspection data

2,710,797 vehicle-years

Compare vehicles subject
to annual inspections
(aged 6 years or less)

versus vehicles subject to
6-month inspections

(aged 7 years or more)

Road crash rates
(per vehicle-year)

Percent change

8% reduction in
vehicles inspected
every 6 months
(0.4%, 15%)

NOS: 6
Selection: 3
Comparability: 1
Outcome: 2

Secondary sources of
information Risk of
confounding

I Newecastle-Ottawa scale for analytic observational studies [13]. 2 Jadad scale for experimental studies [14].

Number of records or citations
identified in searches: 7315

Number of additional records or citations

identified in cluster search: 21

Total number of duplicate records or citations removed: 2271

l

Total number of unique records or
citations filtered: 5065

Number excluded after title and
abstract screening: 5011

Total number of full-text articles
analyzed to decide eligibility: 54

l

Total number of studies included in the
qualitative synthesis for systematic

review: 6

Number excluded: 48
Main reason* for exclusion:
Objective other than reduction in
the risk of crash or crash-related
injury: 22
Descriptive studies: 18
Different target population: 8

*Some excluded articles met two
excluding criteria.

Figure 1. Flowchart of the article selection process.
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4. Discussion

The present systematic review raises several important issues. The first to consider is
the low number of studies that used methods that make it possible to evaluate the causality
of the association between exposure to periodic inspections and road crashes and/or
injuries resulting from crashes. Many of the articles reviewed here, especially among older
ones, reported ecological studies in which the unit of study was not vehicles or drivers but
administrative bodies (states, counties, etc.). These studies are based on comparing crash
rates among entities with different levels of implementation of VII programs [7,8,21-24].
As noted above, the causal evidence these studies provided was weak given that they were
potentially affected by the well-known issue of ecological fallacy [11,12].

Although it is possible to obtain a common effect estimate (the percent variation in risk
of the outcome) in all studies except one, there are many sources of heterogeneity across
studies that, taken altogether, made it inadvisable to attempt a meta-analysis. Regarding
the comparisons assessed, two studies used a dichotomous comparison (inspection vs.
no inspection), whereas three investigated—in addition to the effect of non-inspection—
various categories of frequency of exposure. One study included no nonexposed vehicles
but compared two frequencies of inspection, i.e., annual and biannual, whereas in another
study, the exposure variable was based on the time elapsed since the most recent inspection.
On the other hand, the study designs were also markedly heterogeneous: one experimental
study used random allocation, two were observational cohort studies, one was a case—
control study and two were follow-up studies that lacked a concurrent control group. Third,
although all but one study chose road crashes as the outcome, the source of information
was different depending on the study: while three studies used state administrative
registries (which tend to underreport less severe crashes and usually exclude those with
only material damages), the other two used information on accidents provided by private
insurance companies, which covers all types of crashes self-reported by policyholders.
Finally, the selected publications covered a long period: from 1978 to 2013. A high degree
of heterogeneity across studies is therefore expected due to time-related changes in the
types of vehicles (progressively incorporating new protective and driver-assistant devices)
and the type of compulsory inspections required by changes in legislation.

Two characteristics shared by most of the six studies were the sources of information
and the outcomes investigated. One commonality among all studies except the case—control
one by Blows et al. [18] was the use of data from secondary sources (i.e., traffic registries not
originally intended for research purposes, such as public or insurance company databases to
obtain information on registered vehicles, inspected vehicles, and road crashes). Although
this procedure obviates the influence of potential differential information biases on outcome
evaluations (given that the crash registries are independent of exposure to or the frequency
of inspection), it has the drawbacks inherent in the use of secondary sources of information:
(1) crash registries are likely to be incomplete to some degree, (2) the samples of vehicles
used for analysis may not be representative of the entire population of vehicles on the road,
(3) the information in databases may not be entirely reliable, and (4) information is lacking in
other variables (i.e., potential confounders) that may affect the associations. This last pitfall
is especially relevant in observational studies because of the likelihood that the associations
observed between VTI and crash rates will be confounded by other factors related to driver
and vehicle characteristics and the intensity and type of vehicle exposure to traffic.

A second characteristic common to all studies reviewed here except the case—control
one is the outcome used for comparison, i.e., road crash rates in subgroups of vehicles
defined according to their exposure status. In the case—control study, on the other hand,
the case group consisted of drivers of vehicles involved in road crashes with fatalities or
injuries requiring hospitalization.

As noted above, the study by Blows et al. [18] differed substantially from the other
five studies reviewed here in design (case—control), type of exposure recorded (driver
self-reports of having an inspection certificate), type of outcome (crashes with fatalities or
injuries requiring hospitalization), and information sources (active search for cases, random
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sampling of controls, and telephone interviews in both groups). It is thus unsurprising that
their results differed most clearly from those of the other five studies. Blows and colleagues
reported a strong risk association between lack of an inspection certificate and the odds of
death or injury from a road crash, whereas the remaining studies found either no association
between vehicle inspection and crash rates [17,19] or a weak association [15,16,20].

A priori, and in light of the estimated contribution of vehicle-dependent factors on the
risk of involvement in a road crash [2,4—6], the strong protective association (odds ratios
between 1.46 and 4.86) between inspection (which would serve, theoretically, to detect and
correct vehicle failures or defects) and the crash rate found in this case-control study seems
implausible. In this connection, estimates such as those reported in the studies by Keall and
Newstead [20] or Schroer and Peyton [15], who found risk reductions of approximately
9%, seem much more realistic. However, attempts to determine whether this association is
causal or not face two obstacles:

e  Given the low strength of association and the fact that it was estimated from obser-
vational studies, it could be attributable to residual confounding (i.e., the association
appears due to the effects of one or more non-measured variables related to VTI expo-
sure which are the true causes of the decreased risk of the crash of inspected vehicles
compared to non-inspected ones). As discussed above, a common problem with
studies of this type is the difficulty of controlling for confounders when secondary
information sources are used.

e  Although periodic inspections may provide other benefits apart from their impact on
crash rates (mainly by reducing environmental pollution) [4,25,26] the cost-benefit
ratio of strategies to prevent road crashes based on maintaining periodic vehicle
inspection programs or increasing the frequency of inspections may be low, as some
authors have discussed previously [7,8].

Several potential limitations in our review merit consideration. First, publication bias
cannot be ruled out: we were unable to access some grey literature and are aware that the
results in these sources may differ systematically from those in the articles included in this
review. Second, the resources available did not allow us to include articles published in
Chinese [26-28]. Third, the aforementioned heterogeneity depending on the time which
had elapsed between the studies should also be noted, raising the question of comparability
between periodic inspections carried out in different decades.

5. Conclusions

The main conclusions that can be drawn from the present systematic review can be
summarized as follows:

e  Despite the extended time period used to search for relevant publications, very few
studies met our minimum methodological requirements for providing causal evidence
for the possible effect of periodic vehicle inspection on road crash rates.

e  Heterogeneity across studies was considerable regarding the initial hypothesis and de-
sign characteristics, and this precluded any attempt to achieve a quantitative synthesis
of their results. Despite this obstacle, from a qualitative perspective, the general pat-
tern of findings suggests that periodic inspection is associated with a slight reduction
in road crashes.

e Inoverall terms, the studies included in this review were compromised by a variety of
methodological limitations, most related to their observational design and the limited
information available. Therefore, the causal contribution of VTI programs to the
reduction in road crash rates could not be definitely confirmed.
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