Institut de Recerca en Economia Aplicada Regional i Pública
Research Institute of Applied Economics

Document de Treball 2011/19 pàg. 1
Working Paper
2011/19 pag. 1

Institut de Recerca en Economia Aplicada Regional i Pública
Research Institute of Applied Economics

Document de Treball 2011/19 27 pàg
Working Paper
2011/19 27 pag.

“Factors affecting hospital admission and recovery
stay duration of in-patient motor victims in Spain”
Miguel Santolino, Catalina Bolancé and Manuela Alcañiz

1

Institut de Recerca en Economia Aplicada Regional i Pública
Research Institute of Applied Economics

Document de Treball 2011/19 pàg. 2
Working Paper
2011/19 pag. 2

WEBSITE: www.ub.edu/irea/ • CONTACT: irea@ub.edu

The Research Institute of Applied Economics (IREA) in Barcelona was founded in 2005, as a research
institute in applied economics. Three consolidated research groups make up the institute: AQR, RISK and
GiM, and a large number of members are involved in the Institute. IREA focuses on four priority lines of
investigation: (i) the quantitative study of regional and urban economic activity and analysis of regional and
local economic policies, (ii) study of public economic activity in markets, particularly in the fields of
empirical evaluation of privatization, the regulation and competition in the markets of public services using
state of industrial economy, (iii) risk analysis in finance and insurance, and (iv) the development of micro
and macro econometrics applied for the analysis of economic activity, particularly for quantitative
evaluation of public policies.
IREA Working Papers often represent preliminary work and are circulated to encourage discussion. Citation
of such a paper should account for its provisional character. For that reason, IREA Working Papers may not
be reproduced or distributed without the written consent of the author. A revised version may be available
directly from the author.

Any opinions expressed here are those of the author(s) and not those of IREA. Research published in this
series may include views on policy, but the institute itself takes no institutional policy positions.

2

Institut de Recerca en Economia Aplicada Regional i Pública
Research Institute of Applied Economics

Document de Treball 2011/19 pàg. 3
Working Paper
2011/19 pag. 3

Abstract
Hospital expenses are a major cost driver of healthcare
systems in Europe, with motor injuries being the leading
mechanism of hospitalizations. This paper investigates
the injury characteristics which explain the
hospitalization of victims of traffic accidents that took
place in Spain. Using a motor insurance database with
16,081 observations a generalized Tobit regression
model is applied to analyse the factors that influence
both the likelihood of being admitted to hospital after a
motor collision and the length of hospital stay in the
event of admission. The consistency of Tobit estimates
relies on the normality of perturbation terms. Here a
semi-parametric regression model was fitted to test the
consistency of estimates, concluding that a normal
distribution of errors cannot be rejected. Among other
results, it was found that older men with fractures and
injuries located in the head and lower torso are more
likely to be hospitalized after the collision, and that they
also have a longer expected length of hospital recovery
stay.
JEL classification: C24, I10.
Keywords: Body injuries, Heckit estimator, semi-parametric estimator, Hausman
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1. Introduction
Healthcare expenditure is increasing rapidly in advanced societies. Over the last three decades
healthcare spending in developed countries has grown on average 2.5 times faster than GDP
(Hagist and Kotlikoff, 2009), and this trend is not expected to change in the near future. The
reasons for this include an ageing population, advances in medical technology (their cost), and
the defence strategies applied by medical practitioners to avoid malpractice liability. Although only
a small proportion of the population will require hospitalization in any given year, hospitalization
costs are one of the most significant annual healthcare cost drivers in healthcare systems. PeekAsa et al. (2011) estimate that annual hospital charges exceed $1 billion in the USA, with the
median hospital charge being above $25,000. These hospitalization expenditures account for
nearly one third of all medical expenses for the non-institutionalized population in the USA
(Machlin and Carper, 2007). A high percentage of hospitalizations are the consequence of motor
collisions. In Europe road traffic-related hospitalizations are the leading mechanism of injuries
requiring hospitalizations (Segui-Gomez et al., 2008).
The goal of this paper is to explore the relationship between the injury characteristics and hospital
stay duration of motor victims in Spain. In the road safety literature, studies that link injury
characteristics and hospital stay duration have traditionally dealt with hospital data (Guria, 1990;
Forman et al., 2011; Peek-Asa et al., 2011), and their results are therefore limited to hospitalized
motor victims. Given that inpatient victims could be systematically different from those who are not
admitted to hospital, any conclusions drawn from these studies cannot be extrapolated to all
motor collision victims. This is relevant because most victims injured in a collision do not require
hospitalization. This paper deals with motor victims involved in collisions irrespective of whether
hospitalization was required or not. It will therefore be possible to investigate the factors that
explain hospital duration from an unconditional perspective.
The analysis is based on a Spanish motor insurance database related to motor collisions involving
injury victims. The data provide details of how injuries may develop after collision. Data are
censored where hospitalization duration is only observed if the victim was admitted to hospital. A
sample selection regression model is applied to determine the factors that affect both the hospital
admission of traffic accident victims and the length of hospital stay in the event of admission. This
methodology allows for the dependence of perturbation terms of both procedures. Modelling
approaches that ignore dependence between hospital admission and recovery stay length would
lead to biased parameter estimates, when such dependence exists (Cameron and Trivedi, 2005).
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Sample selection regression models have been widely applied in the road safety literature
(Goldstein, 1986; Anastasopoulos et al., 2008; Tarko and Azam, 2011, Farah et al., 2009). Here a
generalized Tobit regression is fitted in order to model the duration of hospitalization. The
reliability of Tobit estimators is based on distributional assumptions. Unlike least square estimates
for uncensored data, Tobit estimators are not consistent if errors are not normally distributed
(Mashtare Jr. and Hutson, 2011). Consequently, the hypothesis of a normal distribution of errors
must be tested when the Tobit regression model is applied. To our knowledge, however, the Tobit
normality hypothesis has not been previously tested in road safety applications. In this paper a
semi-parametric regression model is estimated in order to test the distributional assumption of
normality. The Hausman specification test is then computed so as to compare Tobit estimators —
which are only consistent estimators under the null hypothesis of normality — with semiparametric estimators, which are consistent estimators under both hypotheses (Newey, 1987;
1999; 2009).
The structure of the paper is as follows. Section 2 presents the main characteristics of parametric
and semi-parametric selectivity regression models, and outlines the utility of semi-parametric
methods to test distributional assumptions. In section 3, an empirical application using a Spanish
database is presented. This is followed by discussion and interpretation of the results. Concluding
remarks are summarized in Section 5.

2. Statistical analysis
Hospital admission and length of stay of in-patients may be interpreted as a sample selection
issue. First, medical practitioners examine the victim and decide whether admission to hospital is
required. If so, the length of the hospital stay will depend on multiple factors including the physical
condition of the victim and the type and severity of injuries. This section briefly describes both
parametric and semi-parametric sample selection regression models. First, we describe the most
popular parametric sample selection model, namely the generalized Tobit regression model,
before moving on to consider Newey’s semi-parametric regression model. The Hausman test is
then discussed as a way of selecting the preferred model specification.
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2.1 Generalized Tobit regression model

The Tobit regression model (Tobin, 1958) has been widely used in the social sciences, and is
applied when the range of the dependent variable is censored. Censoring occurs if data show a
lower threshold (left-censored) below which the observed value of the variable always takes the
value of the threshold. A similar interpretation holds for data with an upper threshold (rightcensored), although applications with left-censored data are more common. An extensive survey
of Tobit regression models is provided by Amemiya (1984). Let y be our outcome of interest,
which is the length of hospital stay of the injury victim after a collision. The outcome y is
observed only if y*  0 , where y* is a latent (unobserved) variable. In our application y* indicates
the hospital admission decision. The generalized Tobit regression model is specified as follows:

yi*  zi'  ui
yi  xi'    i

(1)

for the i-th individual, i=1…N, where zi and xi are vectors of regressors,  and  are vectors
of parameters, and u i and  i are normally distributed random errors with mean equal to zero and
variance  12 and  22 , respectively. Errors are correlated with covariance equal to  12 . The
observed variable is I which is related to y* according to:

1 if yi*  0
,
Ii  
*
y

0
if
0
i

where I i takes the value 1 when the i-th victim is admitted to hospital and 0 otherwise. One may
put  12  1 without any loss of generality, since only the sign of the latent variable is observed. In
Amemiya’s terminology (1984) this model is referred to as the type II Tobit regression model.
Heckman (1976) suggested a procedure to estimate parameters in two steps. Following this
procedure, also called the Heckit estimator, a probit model regression of I on z is firstly
estimated. In the next step an additional regressor is included in the second equation in (1) to
account for bias due to non-random sampling.  and  12 may then be estimated by ordinary
least squares (OLS) techniques applied to the extended regression model:

yi  xi'    12 i  i
 xi'    2 i  i
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such that the Heckman-type lambda is i   ( zi' ) /  ( zi' ) , where  (·) and  (·) are the
standard normal density and distribution functions, and  is the error correlation,    12 /  2 .
The

error

ˆ  N
2
2

1
1

variance

N1

 [ˆ

2
í

 22

may

be

estimated

by

the

following

expression:

 ˆ122 ˆi (ˆi  zi'ˆ )] , where ̂i   ( zi'ˆ ) /  ( zi'ˆ ) and N 1 is the number of victims

i

admitted to hospital (Cameron and Trivedi, 2005).
To test hypotheses, an estimator of the asymptotic covariance of coefficients is required. Note
that the disturbance term in (2) is heteroscedastic due to sample selection correction. Additionally,
the unknown  is replaced by a vector of estimated parameters. OLS standard errors have to be
corrected to account for these particularities. An estimator of the asymptotic covariance matrix is
provided by Heckman (1979) and Greene (1981). The covariance matrix may also be estimated
by means of bootstrapping techniques, as provided by most commercial statistical software.

2.2 Semi-parametric regression model

Statistical consistency of the Heckit estimator is based on the normality assumption of the
perturbation term u. If u is not normally distributed then    ( z ' ) /  ( z ' ) . The model (1) is
consequently misspecified and OLS techniques in (2) lead to inconsistent estimates. Newey
(2009) suggests a model estimation method in which the functional form of the selection
correction is now unrestricted. He showed that this estimation procedure then gives consistent
estimates of  even if u is not normally distributed.

Like the Heckman procedure the Newey estimation method involves two steps. In the first step
Newey (2009) suggests estimating the parameter vector  by semi-parametric techniques as an
alternative to fitting a probit regression model. Let us denote the semi-parametric estimator by ˆˆ .
Newey argues that the semi-parametric estimator provided by Klein and Spady (1993) gives the

ˆ

most efficient estimator, such that ˆi  h(vˆi ) where vˆi  zi'ˆˆ . In the second step, the vector of
parameters  is estimated from the following linear regression:

ˆ
yi  xi'   ˆi  wi  xi'   h(vˆi )  wi .
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The unknown function h(·) may be approximated by power series. Let  (vˆi )  ˆi be a monotonic
transformation of vˆi and p K (ˆi )  ( p1 (ˆi ),  , pK (ˆi )) ' , where p j (ˆi )  ˆi j 1 . The unknown function

h(vˆi ) may then be approximated by means of a linear combination of the elements of p K (ˆi ) .
The shape of the approximation function is based on the K value, where the effect of the sample
information increases with K. Given a K value, the model (3) is then defined as,

yi  xi'   1 p1 (ˆi )     k pK (ˆi )  wi ,

(4)

where the unknown function is approximated by hˆ(vˆi )  ˆ1 p1 (ˆi )    ˆk pK (ˆi ) , and ˆ1 ,  , ˆk are
the OLS estimates in (4). In this study we consider ˆi   (vˆi ) /  (vˆi ) , which is one of the three
alternative monotonous transformations suggested in Newey’s paper. Similarly to Heckman
(1976), Newey (2009) provides an estimator of the asymptotic covariance matrix of the vector of

 estimates.

2.3 Testing normality

The hypothesis of normality is tested by means of the well-known Hausman test, which is applied
in order to compare two estimators of the parameters of a regression model. Under the null
hypothesis both estimators are consistent but only one of them is efficient. Under the alternative
hypothesis, however, only the non-efficient estimator is consistent. In our application we showed
that the Heckit estimator is inconsistent if    ( z ' ) /  ( z ' ) . By contrast, the Newey estimator is
consistent under both hypotheses, although it is less efficient than the Heckit estimator under the
null

hypothesis.

H0 :  

Therefore,

the

hypothesis

test

is

defined

as

follows,

 ( z ' )
 ( z ' )
H
;
:

.

1
 ( z ' )
 ( z ' )

Let ̂ H be the two-step Heckman estimator of the model (2) and ˆN be the two-step semiparametric estimator of the regression equation (4). Under H 0 both ˆ H and ˆ N are consistent
estimates but ˆ H is more efficient. However, only ˆ N is consistent under H 1 . The Hausman



statistic is computed as T  ˆ H  ˆ N

 Varˆ  Var̂  ˆ
1

N
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under the null hypothesis with p degrees of freedom, where p is the number of parameters in the
vector β without the constant term.
In accordance with Amemiya (1984), the parameters in model (1) may also be estimated by
maximum likelihood (ML). Although the ML estimator is more efficient than the Heckit estimator,
its consistency depends on the hypothesis of binormality of errors. Unfortunately, it is not easy to
test binormality in regression models with limited dependent variables (Lee, 1984; Lucchetti and
Pigini, 2011). Unlike the ML estimator, however, bivariate normality of errors is not required in the
Heckman procedure. The assumption in the Heckman procedure is that ε is linearly regressed on
u, where u follows a standard normal distribution. The Heckit estimator has the additional
advantage of being consistent in the event of jointly normal distributed errors. Therefore, the
Heckman procedure would also be an adequate procedure when there is binormality of errors.

3. Spanish database

The data consist of a random sample of 16,081 non-fatal victims involved in traffic collisions in
Spain. The database was provided by a Spanish motor insurance company. Information included
in the database was recorded by the insurer during the processing of claims in order to track them
until settlement. All of the victims suffered at least one day of temporary disability. Insurance
databases provide information related to the injury consequences of collisions, but limited
information on the circumstances of the collision. According to Spanish motor law, drivers who are
at fault in the collision are not entitled to compensation. Consequently, the insurance company did
not record injury information of at-fault drivers, and this was not included in the database.
Our goal here is to model the length of hospital stay of victims involved in motor collisions. The
duration of hospital stay is observed for all the sample victims. Victims must be fully recovered or
with stable injuries, and therefore discharged from hospital, before being compensated by the
insurer. Sample casualties were compensated for personal damages by the insurer in the year
2007, although the motor collision may have occurred before that year. Specifically, 28 per cent of
collisions took place in 2007, 57 per cent in 2006, 13 per cent in 2005, and 2 per cent in 2004 or
before.
The distribution (both unconditional and conditional) of the number of days in hospital for our data
is presented in Figure 1. The mean length of hospital stay for sample victims is 2.10 days, with a
standard deviation of 13.85 and median value of 0. More than 87 per cent of sample victims were
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not admitted to hospital after the collision. Specifically, 1,999 sample victims had to be admitted to
hospital after the collision. For those victims who were admitted to hospital, the conditional
distribution of the length of stay is strongly asymmetric (Figure 1). The mean stay in hospital for
inpatients is 16.87 days, with a standard deviation of 35.97 and median value of 7 days.

Figure 1. Histogram for the number of days in hospital

Note: Histogram of the hospital recovery time required by motor victims (in days). Inset: histogram of the hospital
recovery time (in days) for those victims who were hospitalized.

The dependent variable of the model regression specification is the number of days in hospital, on
a natural logarithmic scale. The indicator variable that records whether the victim was admitted to
hospital after the collision and the logarithm of the number of days in hospital are regressed on
the same set of explanatory variables. The description of variables and main statistics are shown
in Table 1. Explanatory variables are classified into three groups: general factors, factors related
to the region of the body that was injured and factors describing the nature of the injury.
General factors include information of the at-fault driver, such as his/her age. A number of authors
have shown a link between driver age and the frequency and severity of motor crashes. This
finding has been associated with the fact that young drivers are prone to more risky driving
behaviour, whereas older drivers are more likely to have slower reaction times (Neyens and
Boyle, 2008; Huang et al., 2008; Abdel-Aty et al., 1998). Other general factors cover attributes of
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the victim, such as gender and age, and information related to the type of victim. The effect of
gender on severity is ambiguous. Many crash severity studies have found that females involved in
motor collisions suffer more serious injuries than do males (Rifaat and Tay, 2009; Evans, 2001;
Kockelman and Kweon, 2002), whereas other authors suggest that males are involved in more
serious crashes (Tay and Rifaat, 2007; Valent et al., 2002). The extant literature indicates that the
victim’s age positively influences the frequency and severity of injuries (O’Donnell and Connor,
1996; Delen et al., 2006; Boucher and Santolino, 2010), although some studies have found a nonlinear relationship between age and severity (Newgard, 2008). Regarding the type of victim, a
distinction is made between driver, passenger and non-motorized road user. The seating position
of the victim has likewise been related to the severity of injuries (Smith and Cummings, 2004;
Newgard et al., 2005). The crash severity behaviour of non-motorized road users has also been
extensively investigated (Chong et al., 2010; Tarko and Azam, 2011; Eluru et al., 2008).
Injury factors provide a description of injuries resulting from the accident. The injury information
recorded is based on medical examinations carried out by the insurance company during the
period in which victims are recovering from their injuries. Injuries resulting from a collision are
stated by judicial decision, or agreed upon between parties (insurer and victim), based on both
medical reports provided by parties and forensic examinations. The medical examinations have to
be made in accordance with a legislative medical scale in force since 1995. The medical scale
describes 475 injuries and provides severity point scores for each injury. The motor financial
compensation for permanent injuries is then assessed in function of the severity scores (for more
details, see Santolino, 2010; Boucher and Santolino, 2010). The average number of injuries in the
sample was 1.55 injuries per victim involved in a motor collision.
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Table 1. Description of variables and statistics
Variable

Label

Description

N

Mean

SD

Min. Max.

Dependent variables
y1

Hospital
admission

1 if victim is admitted to hospital; 0 otherwise.

y2

Hospital stay

Length of hospital stay (number of days on natural logarithmic scale) 1,999 2.014 1.208

16,081 0.124 0.329

0

1

0 6.215

Regressors
General factors
x1

At-fault driver age Age of the at-fault driver (divided by 100).

x2

Victim age

x3

Victim
squared

x4

16,081 0.412 0.144 0.14 0.990

Age of the victim (divided by 100).

16,081 0.383 0.167

0 0.980

Victim age squared (divided by 10000).

16,081 0.175 0.150

0 0.960

Gender

1 if the injured victim is male; 0 otherwise.

16,081 0.455 0.498

0

1

x5

Driver

1 if the injured victim was the driver; 0 otherwise.

16,081 0.510 0.500

0

1

x6

Passenger

1 if the injured victim was the passenger; 0 otherwise.

x7

Pedestrian/Cyclist 1 if the injured was a non-motorized road user; 0 otherwise.

age

16,081 0.373 0.483

0

1

16,081 0.117 0.321

0

1

1 if injury located in head; 0 otherwise.

16,081 0.129 0.336

0

1

Factors related to the injured body region
x8

Head

x9

Neck

1 if injury located in neck; 0 otherwise.

16,081 0.699 0.458

0

1

x 10

Upper torso

1 if injury located in upper torso (thorax/dorsal); 0 otherwise.

16,081 0.250 0.433

0

1

x 11

Lower torso

1 if injury located in lower torso (abdomen/lumbar); 0 otherwise.

16,081 0.193 0.395

0

1

x 12

Upper extremities 1 if injury located in upper extremities; 0 otherwise.

16,081 0.257 0.437

0

1

x 13

Lower extremities 1 if injury located in lower extremities; 0 otherwise.

16,081 0.238 0.426

0

1

x 14

Multiple regions

16,081 0.063 0.243

0

1

1 if multiple body regions; 0 otherwise.

Factors related to the nature of the injury
x 15

Wound

1 if open wound. 0 otherwise.

16,081 0.077 0.267

0

1

x 16

Fracture

1 if fracture; 0 otherwise.

16,081 0.174 0.379

0

1

x 17

Contusion

1 if contusion; 0 otherwise.

16,081 0.542 0.498

0

1

x 18

Sprain/strain

1 if sprain/strain; 0 otherwise.

16,081 0.738 0.440

0

1

x 19

Abrasion

1 if abrasion/ burn; 0 otherwise.

16,081 0.023 0.151

0

1

x 20

Internal injury

1 if internal injury (nerves. blood vessels. etc.); 0 otherwise.

16,081 0.087 0.282

0

1

Injuries described in the legislative scale are classified according to their nature and the body
location in order to reduce the number of injuries on the legal scale into a manageable number of
diagnostic categories, inspired by the diagnostic matrix of the International Classification of
Diseases (ICD)-9-CM codes developed by Barell et al. (2002). Specifically, a two-dimensional
array is used to describe each injury. The first element indicates the location of the injury, while
the second records its type. Seven factors are related to the region of the body that was injured
and six factors to the nature of the injuries. In comparison with Barell’s matrix classification, the
number of factors related to the location of injuries was reduced to a simpler classification in order
to make identification of the injury location easier for non-medical practitioners (for instance,
police officers at the crash scene). As regards the factors related to the injury’s nature, the
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Internal injury category records information from the Internal, Blood vessels and Nerves
categories of the Barell matrix, due to the low frequency of the last two categories (less than
0.5%). Low frequency was also the reason for excluding the Amputations and Crush categories
from the regression model. All the injury factors are included in the regression as binary variables
which take the value 1 if the characteristic is observed and zero otherwise. Victims may suffer
more than injury and, therefore, factors are not mutually exclusive.

4. Results
4.1. Hausman test results

Prior to analysing coefficient estimates it is necessary to test whether the Heckman two-step
estimates of β are consistent and, therefore, reliable. This was done by first computing the
Hausman test. As previously indicated, the hypothesis testing involves a semi-parametric
estimation of the model (1), which leads to consistent estimates in both of the hypotheses.
However, a K value must be selected to approximate the unknown function h(vˆi ) in the semiparametric method. Figure 2 shows the semi-parametric estimation of h(vˆi ) for K=3, K=4, K=5
and K=6.

Figure 2. Power series estimation of

ˆ
λˆi = h(vˆi )
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Note that the shape of the function is more flexible for larger K values. This is because the
influence of the sample information increases with K. Additionally, the resulting approximation is a
monotonic decreasing function when K=4, K=5 and K=6. Similarly, a monotonic decreasing
function is obtained if a Probit model is applied to estimate h(vˆi ) . However, the resulting
approximation is not a monotonic decreasing function when the function is approximated by a
second-order power series (K=3). Consequently, the analysis is performed for K=4, K=5 and K=6.
Table 2 shows the results of the Hausman test. In all cases the null hypothesis

[ H 0 :    ( z 'ˆ )  ( z 'ˆ )] cannot be rejected at the 5% significance level. We therefore conclude
that the Heckit estimator of the model (1) is consistent.

Table 2. Results of the Hausman test
K value

Hausman statistic value

p-value

4

9.596

0.962

5

8.098

0.986

6

7.662

0.990

4.2 Coefficient estimates

The two-step Heckman estimates of the generalized Tobit regression model are shown in Table 3.
Note that the covariance coefficient  12 is significantly different from zero at the 10% significance
level (p-value=0.064). This shows that the endogeneity assumption is realistic for these data,
which means that the decision to admit a victim to hospital is not independent of the length of the
stay in hospital once the victim is admitted. ML estimates are provided in the Annex (Table A1) for
comparison purposes.
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Table 3. Heckman two-step estimates and standard errors (p-values in parenthesis) of the generalized Tobit
regression
Hospital admission
Variable

Label
Intercept

Coeff.
γ0

Estim.
-0.981

x1

At-fault driver age

γ1

-0.171

x2

Victim age

γ2

-1.234

x3

Victim age squared

γ3

1.235

x4

Gender

γ4

0.186

x6

Passenger(*)

γ6

0.149

x7

Pedestrian/Cyclist(*)

γ7

0.221

x8

Head

γ8

0.483

x9

Neck

γ9

-0.576

x 10

Upper torso

γ 10

0.187

x 11

Lower torso

γ 11

0.339

x 12

Upper extremities

γ 12

0.015

x 13

Lower extremities

γ 13

0.198

x 14

Multiple regions

γ 14

0.105

x 15

Wound

γ 15

0.106

x 16

Fracture

γ 16

0.887

x 17

Contusion

γ 17

-0.512

x 18

Sprain/strain

γ 19

-0.237

x 19

Abrasion

γ 20

-0.496

x 20

Internal injury

γ 21

0.635

Std. Error
0.102
(<0.001)
0.109
(0.116)
0.396
(0.002)
0.438
(0.005)
0.034
(<0.001)
0.038
(<0.001)
0.049
(<0.001)
0.047
(<0.001)
0.061
(<0.001)
0.043
(<0.001)
0.047
(<0.001)
0.038
(0.688)
0.040
(<0.001)
0.059
(0.077)
0.051
(0.037)
0.040
(<0.001)
0.044
(<0.001)
0.059
(<0.001)
0.101
(<0.001)
0.043
(<0.001)

N =16,081.
(*) Driver is the base category.
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Length of hospital stay
Coeff.
β1

Estim.
0.509

β1

-0.250

β2

0.058

β3

0.904

β4

0.133

β6

0.189

β7

0.064

β8

0.437

β9

-0.420

β 10

0.202

β 11

0.431

β 12

-0.164

β 13

0.407

β 14

0.284

β 15

-0.020

β 16

0.740

β 17

-0.714

β 18

-0.412

β 19

-0.082

β 20

0.573

σ 12

0.610

σ2
rho

1.191
0.512

Std. Error
0.526
(0.332)
0.176
(0.157)
0.646
(0.928)
0.704
(0.199)
0.071
(0.061)
0.073
(0.010)
0.089
(0.469)
0.121
(<0.001)
0.169
(0.013)
0.074
(0.006)
0.103
(<0.001)
0.058
(0.005)
0.074
(<0.001)
0.097
(<0.004)
0.077
(0.793)
0.220
(0.001)
0.131
(<0.001)
0.102
(<0.001)
0.200
(0.681)
0.150
(<0.001)
0.328
(0.064)
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In the road safety literature the driver’s age is traditionally associated with the severity of
collisions. According to our results, however, the age of the at-fault driver did not have
explanatory power as regards the probability of being admitted to hospital and the subsequent
length of hospitalization. This is consistent with the results of Tay (2006), who found that
increasing the number of licenses issued to ageing drivers did not significantly increase the
number of fatal crashes. Here we also tested a quadratic relationship, including as a regressor a
variable recording the squared age of the driver. However, the coefficients were not significantly
different from zero and the squared age variable was withdrawn in order to achieve a
parsimonious model.
Four of the six coefficients of the variables related to victim attributes were statistically significant.
The factor associated with the victim’s gender showed significant positive coefficients in both
equations, especially in the first regression. This means that males injured in a collision were
more likely to be hospitalized after the crash than were females, and their average recovery stay
in hospital was also longer. Therefore, males seem to suffer more serious injuries than do
females, a finding that is consistent with the results of Tay and Rifaat (2007) and Valent et al.
(2002). As regards age, there was a quadratic relationship between the victim’s age and the
probability of being hospitalized. Specifically, young and older victims were more likely to be
admitted to hospital than were middle-aged victims, with the inflexion point being around the age
of 50 years. From this age on, the probability of hospitalization increased with increasing ages. A
previous study by Newgard (2008) similarly found that young and old victims were more likely to
be seriously injured, and that the risk for serious injury rose more steeply after the age of 50. The
positive relationship between age and severity is traditionally associated with the greater fragility
of elder victims (Li et al., 2003), whereby physical decline would be intensified from the age of fifty
onwards.
The type of victim also determines the probability of hospitalization and the length of stay.
Compared with drivers, we found that passengers were more likely to be admitted and also to
have longer recovery periods in hospital. Other studies also suggest that passengers sustain
more serious injuries. Hutchinson (1986) showed that passengers were more seriously injured
than drivers in non-overturning accidents, while Hill and Boyle (2006) found that front passengers
were 1.1 times more likely to be seriously injured than were drivers. Regarding non-motorized
road users, Pucher and Dijstra (2003) estimated that pedestrians were 23 times more likely to be
killed than were car occupants in the USA, with cyclists being 12 times more likely to be killed
than car occupants. Here we found that both pedestrians and cyclists were more likely to be
hospitalized after a collision than were drivers. This is an expected result due to the lack of

16

Institut de Recerca en Economia Aplicada Regional i Pública
Research Institute of Applied Economics

Document de Treball 2011/19 pàg. 17
Working Paper
2011/19 pag. 17

protective elements for mitigating the impact suffered by non-motorized road users. In the event
they were admitted, however, there were no significant differences between non-motorized road
users and drivers as regards the recovery period in hospital.
In relation to the injury location factors, they almost all showed significant coefficients. Head
injuries, followed by those located in the lower torso and the lower extremities, were the injuries
which had the strongest positive effect on the probability of being admitted to hospital and on the
recovery duration of in-patient motor victims. Previous studies that link severity and injury location
support these results. For example, Norin et al. (1997) showed that head injuries were
predominant at higher levels of disability, accounting for 40% of injuries. They also found that
while abdomen injuries were more common at higher disability levels, leg injuries were stable
across all disability levels. In the same context Fildes et al. (1994) reported that one third of
severe crashes involve lower limb injuries to front seat occupants in frontal crashes.
Two injury location factors (Neck and Upper extremities) showed negative coefficients. Thus,
neck injuries were negatively related with the probability of being hospitalized and with recovery
stay length. Note that injuries located in the neck are the most frequent motor injuries (Table 1)
and include mild injuries such as whiplash. The Upper extremities factor only had one significant
coefficient. Indeed, injuries located in the upper extremities had no explanatory power as regards
the probability of being hospitalized. In the event of admission, however, the expected length of
hospital stay was lower for victims with upper extremity injuries. Norin et al. (1997) found that
injuries to the neck and arms account for almost 40% of injuries at lower levels of disability,
although they represent fewer than 5% at higher disability levels.
Finally, hospitalization and recovery duration are also explained by the nature of the injuries, as
indicated by the significance of the associated coefficients. Fractures and internal injuries
increased both the likelihood of being admitted to hospital and the expected recovery period as an
in-patient. By contrast, minor injuries such as contusions, sprains and strains were negatively
related to the likelihood of hospitalization and the length of hospital stay. Wounds and abrasions
did have an influence on the probability of being admitted to hospital, but not on the length of stay.
In fact, while wound injuries increased the probability of hospitalization, this decreased when the
victim suffered abrasions as a result of the collision. One explanation for the negative effect of
abrasions on the hospitalization likelihood would be that most of these injuries are minor
abrasions for which first aid only is required. Similar findings have been reported by other authors.
Peek-Asa et al. (2011) showed that in the USA motor-injured teenagers with fractures, internal
injuries or intracranial injuries were associated with both higher hospital charges and longer
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lengths of hospital stay. Thygerson et al. (2011) found that fracture and wound injuries accounted
for only a fifth of visits to emergency departments but almost two thirds of hospitalizations of
injured drivers. By contrast, bruises and abrasions were much more frequent causes of
emergency department visits than of hospitalizations. To conclude, fractures and internal injuries,
followed by wounds, seem to be the most serious types of injuries in terms of hospital admission
and/or length of hospital stay.

5. Conclusion
Motor traffic accidents are the leading mechanism of hospitalizations in Europe. Most of the road
safety literature analysing the factors which influence the length of hospital stay is based on
hospital data and, therefore, the results are limited to motor victims who were admitted to hospital.
Here a generalized Tobit regression model was applied to analyse jointly the factors that influence
both the likelihood of being admitted to hospital after a motor collision and the length of hospital
stay in the event of admission. These two processes were shown to be statistically dependent
and, therefore, biased estimates would be obtained if they were modelled separately. Although
the reliability of Tobit estimates depends on distributional hypotheses, these are seldom tested (to
the best of our knowledge, they have never been tested in road safety applications). Here the
consistency of parameter estimates was tested by means of semi-parametric techniques, which
did not reject the hypothesis of normality of errors.

The age, gender and type of victim, as well as the location and nature of injuries, were found to be
factors that influence the likelihood of being admitted to hospital and/or the length of hospital stay
required to recover from injuries sustained in a motor collision. These findings are of particular
interest for road safety policy makers, since the analysis of factors that explain hospitalization can
be used to target road safety policies so as to reduce the hospitalization rate and length of
hospital stay of motor victims. For instance, fractures and injuries located in the head are
associated with higher hospitalization rates and longer recovery periods in hospital. A priority for
policy makers should therefore be to identify and reduce the types of collisions associated with
these injuries. The present analysis can also help policy planners to tackle the motor injury
problem not only from the viewpoint of the severity of disabilities caused by collisions but also in
terms of the financial consequences borne by society, since hospital charges may be measured
financially. Finally, understanding the relationship between hospital admissions and length of
hospital stay for motor victims is also of great relevance to medical practitioners, since collisions
are a major cause of hospitalizations.
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