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Abstract
Objectives Driving ability largely depends on the total brake response time (TBRT) corresponding to the time a subject
needs to react to a stimulus and apply a well-defined force on the brake pedal. As yet, the English literature completely
lacks clinical studies evaluating the TBRT following oral surgery.
Materials and methods In this case-control study, a driving simulator was used to evaluate the TBRT in patients sched-
uled for oral surgery in local anesthesia. Measurements were taken shortly before (t1) and after (t2) surgery as well as 7–
10 days later (t3) when sutures were removed. Results were compared to data of a group of healthy volunteers.
Results Seventy-three patients (37 women, 36 men) underwent evaluation at t1, t2, and t3. In 13 patients who did not return
for removal of sutures, only measurements at t1 and t2 could be performed. The median TBRTwas 583 milliseconds (ms),
634 ms, and 520 ms at t1, t2, and t3, respectively. Statistical analysis revealed significant differences between readings at
t1 versus t2 (t = − 4.944, p < 0.001), t1 versus t3 (t = 7.454, p < 0.001), and t2 versus t3 (t = 11.971, p < 0.001). There was
no significant difference between TBRT at t3 in study subjects compared to normal reference values of 67 healthy
volunteers. TBRT was significantly increased immediately after oral surgery (t2) compared to measurements 7–10 days
postoperatively (t3). Since readings at t3 did not differ from TBRT values in the comparison group, they were considered
normal.
Conclusions Due to significantly elevated total brake response time, driving ability is assumed to be considerably
affected following oral surgery, and patients should be advised to abstain from driving immediately after such
operations.
Clinical Relevance Our study results put into question patients’ driving ability following dentoalveolar procedures which
should be considered regarding informed consent and could potentially have consequences on health issues (road traffic
accidents) as well as legal and financial matters (court charges, insurance claims).
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Introduction

Sound knowledge and awareness of a potential negative im-
pact on driving ability following surgical interventions is cru-
cial for patient safety. Obtaining consent to surgery should
also include information about a potential impairment of pa-
tients’ driving ability. Lack of such knowledge could put at
risk both the patient and other road users or pedestrians [1].

A survey by Von Arx et al. in 2004 [2] revealed that the
majority of orthopedic surgeons (81%) did not have any
knowledge about guidelines on when patients can safely re-
turn to driving after orthopedic interventions. Although TBRT
has been assessed using driving simulators especially in or-
thopedic surgery, e.g., before and after total knee arthroplasty
[3–8], knee arthroscopy [9, 10], and spine surgery [11–14], the
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English literature completely lacks reliable data regarding
TBRT in the context of oral surgery under local anesthesia.

One of the key factors influencing driving ability is the
Total Brake Response Time (TBRT) [4, 5, 15]. In this context,
it is essential to precisely and unambiguously define the most
relevant technical terms.

The term “reaction time” is defined as the time a subject
needs to respond to a stimulus with an appropriate movement
[4]. To safely drive a car, it is essential to be able to stop the
vehicle at any moment. As a prerequisite, an adequate reaction
time is crucial [15].

Tremblay et al. [16] introduced specific terms and
definitions to characterize the components of the
TBRT including the neurologic reaction time, the foot
transfer time, and the brake travel time (see Fig. 1). The
TBRT corresponds to the time from perception of a
stimulus to application of a certain force on the brake
pedal. This force ranges between 100 [17] and 200 [15]
Newton (N) depending on the specific model of the car.
The driving distance covered during the TBRT is re-
ferred to as the reaction distance. The braking distance
(from full force on brake pedal to full stop of the ve-
hicle) must be added in order to get the stopping dis-
tance (reaction distance + braking distance = stopping
distance).

There are many factors potentially influencing the
TBRT, e.g., the driver’s age and sex [18], cognitive
ability, fatigue, stress [19], alcohol, and drug abuse
[20]. Lighting conditions and the position of the stop-
light can also play a significant role [21]. Due to the
multitude of potentially influencing factors, a real-life
simulation is currently not contrivable using a driving
simulator which, however, can still provide valuable in-
formation in order to draw conclusions regarding a sub-
ject’s driving ability.

The aim of this study was to prospectively evaluate the
TBRT in patients scheduled for oral surgery in local an-
esthesia by use of a driving simulator. The study was
designed to detect potential differences in TBRT before
and after oral surgery as well as at the time of the removal
of sutures (ROS) about 7–10 days later. To further

validate the results, outcomes were compared to a control
group of volunteers not scheduled for any surgical
procedure.

The null hypothesis (H0) was that oral surgery under local
anesthesia would have no influence on TBRT.

Materials and methods

Study population

In this case-control study, subjects scheduled for oral surgery
under local anesthesia at the outpatient unit of the University
Hospital for Craniomaxillofacial and Oral Surgery Innsbruck,
Austria, were invited to participate. The admission period was
between April and July 2018. This project was conducted in
accordance with the STROBE guidelines for observational
studies.

Written informed consent was obtained from each of the
subjects who agreed to participate in this study following de-
tailed explanation of the procedural workflow. Prior to any
patient enrolment, the study had been approved by the insti-
tutional board in charge, i.e., the ethics committee of the
Medical University Innsbruck, Austria. The respective refer-
ence number was AN2016-0050 360/4.2 382/5.6 (4209a).
The study was conducted in full accordance with the princi-
ples expressed in the Declaration of Helsinki.

Inclusion criteria for participation in this study comprised a
minimum age of at least 18 years and possession of a valid
driving license. Subjects were excluded from the study in the
presence of neurological diseases with a negative impact on
driving ability or in case of a suspended driver’s license. Both
inclusion and exclusion criteria were determined using a short
questionnaire.

To distinguish between routine versus occasional drivers,
the respective questionnaire also included an assessment of
the driving frequency. Subjects could choose between “nev-
er,” “seldom,” “sometimes,” “often,” and “very often.”
Further, participants were asked to indicate their nervousness
preoperatively regarding the imminent surgical procedure
(“yes” versus “no”). Postoperatively, patients were asked

Neurologic reaction 
time

Transfer time Brake travel 
time

Time

visual signal foot retraction 
from accelerator

contact with
brake pedal

160 N force on 
brake pedal

Total brake response time
(TBRT)

Foot transfer time

Fig. 1 Specific terms and definitions characterizing the components of the TBRT including the neurologic reaction time, the foot transfer time, and the
brake travel time
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whether they experienced considerable stress during surgery
or not (“yes” versus “no”). Potential differences between the
respective groups were analyzed using the t test.

A group of 67 volunteers had undergone identical assess-
ment procedures employing the same driving simulator. The
TBRT outcomes of the study group at the time of ROS (t3)
were evaluated against the corresponding results of the com-
parison group.

Driving simulator assessments

For all assessments, a driving simulator corresponding to val-
idated devices described in the international literature [4, 15]
was used (Fig. 2). It consists of an adjustable seat mounted on
a frame equipped with pedals hanging from rubber damped
pivots. Electronics is integrated in a separate box positioned in
a fixed distance to the seat. It features two lights, a green and a
red one. The red lamp is directed towards the driver and serves
as the stimulus to prompt the driver’s response. The green
lamp is placed on the side of the investigator who faces the
participant. It flashes and thereby indicates when the driver
exerts full pressure on the accelerator. It is only visible to the
investigator.

Following detailed instructions, participants could familiar-
ize themselves with the mode of action in three test runs. The
aim was to exert full pressure on the brake pedal as quickly as
possible on perception of the red light flashing. Following the
test runs, the actual assessments took place. In total, three
series of assessments at different points in time (t1, t2, t3) were
done each of which comprised 10 measurements.
Assessments were performed 15–30 min before surgery (t1),
after the postoperative x-ray about 15 min post surgery (t2),
and at the time of ROS which usually took place about 7–10
days postoperatively (t3). All assessments were done by the
same investigator (B.L.).

Statistical analysis

For each subject, the TBRT mean value as the primary out-
come parameter was calculated from the respective 10 mea-
surements per test series. The t test was used to compare re-
sults for several variables. Patients’ TBRTs at t3 were com-
pared to the respective values in the control group. In addition,
an analysis-of-variance (ANOVA) model was calculated to
compare the TBRTs at all three assessment points (i.e., t1,
t2, and t3). Referring to the t test, potential differences in
TBRT at t1, t2, and t3 were evaluated. Further using the t test,
potential confounders and effect modifiers were addressed,
and the following groups were evaluated (secondary outcome
parameters): patients who were nervous before surgery versus
subjects who were not, patients who were stressed by the
surgical procedure versus subjects who were not. Finally, an
ANOVA model was calculated to reveal potentially existing
differences between men and women. A complete case anal-
ysis was done to address missing data.

For statistical comparison and further validation of our re-
sults, the study patients’ TBRT outcomes were compared to
data of a group of 67 volunteers (29 women, 38 men) com-
prising nursing personnel and former patients who came for
control visits. Data was analyzed using the statistical software
IBM SPSS Statistics for Windows, Version 25.0 (Armonk,
NY: IBM Corp.).

Results

Descriptive statistics

From 18th April to 10th July 2018, 256 patients
underwent minor oral surgery in the University Hospital
for Craniomaxillofacial and Oral Surgery in Innsbruck,
Austria. During this period, the driving simulator was
available on 25 days where a total of 108 subjects were
operated in the outpatient department. Of these, 14 pa-
tients did not want to participate in the study, 12 have
never had a driving license, and 9 were aged younger than
18 years. Hence, those 35 subjects were excluded from
the study leaving 73 subjects who finally participated in
this study.

Basic characteristics of the study population are depicted in
Table 1. All individuals underwent assessments before (t1)
and after surgery (t2). Since 13 patients did not return for
ROS, data for assessments at t3 were available in 60 cases.

Thirty-seven (50.7%) out of the initial 73 participants were
women and 36 (49.3%) were men. The median age was 28
years with an interquartile range (IQR) of 23–42 years. The
youngest participant was 18 years old and the oldest one was
74 years of age.Fig. 2 Driving simulator
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Preexisting data of 67 volunteers (29 women, 38 men) not
scheduled for and not recently having undergone any surgical
intervention, served as control group.

TBRT outcomes

Regarding the TBRT in the study group at t1, t2, and t3, the
ANOVA model revealed a significant difference (F = 69.792,
p < 0.001). This difference was further evaluated using the t
test. Comparing the TBRT between t1 and t2, a significant
difference was noted (t = − 4.944, p < 0.001). The mean
TBRT was significantly lower at t1 (612 ms) compared to t2
(657 ms). Comparing outcomes between t1 and t3, the t test
showed a significant difference too (t = 7.454, p < 0.001). The
mean TBRTwas significantly lower at t3 (537 ms) compared
to t1 (612 ms). Comparing results between t2 and t3, the t test
also revealed a significant difference (t = 11.971, p < 0.001).
The mean TBRTwas significantly lower at t3 (537 ms) com-
pared to t2 (657 ms). Mean TBRT results at t1, t2, and t3 are
graphically illustrated in a box plot (Fig. 3). Reaction dis-
tances and stopping distances for t1, t2, and t3 at different
speeds are depicted in Table 2.

As regards secondary parameters, the t test neither showed
significant differences of TBRT results pre- (t = 0.455, p >
0.651) nor post-surgery (t = 0.861, p > 0.392) in patients who
indicated nervousness preoperatively versus non-nervous sub-
jects. Irrespective of the stress levels, postoperative TBRT
results did not differ significantly between stressed and non-
stressed patients (t = 0.237, p > 0.814). TBRT in women was

significantly longer at all evaluation points in time (t1 female,
666.8 ± 156.8 ms; t1male, 555.6 ± 83.8ms; t2 female, 718.7 ±
162.8 ms; t2 male, 593.1 ± 116.8 ms; t3 female, 585.2 ± 119.4
ms; t3 male, 494.5 ± 76.5 ms).

Comparison of results between the study group at t3 and
the control group including the 67 volunteers using the t test
did not show any statistically significant difference (t = 1.316,
p = 0.191). The median TBRT in the control group was
523 ms (IQR 468–627 ms), and the mean value was 566 ms.

Table 1 Descriptive statistics of all 73 study subjects

Number Percent

Gender Female 37 50.7

Male 36 49.3

Type of surgery 3rd molar removal 48 65.8

Tooth extraction 6 8.2

Intraoral biopsy 6 8.2

Apicoectomy 5 6.8

Sinus lift 4 5.5

Closure of oro-antral fistula 3 4.1

Dental implant 1 1.4

Driving frequency Never 2 2.7

Seldom 13 17.8

Sometimes 13 17.8

Often 8 11.0

Very often 37 50.7

Preoperative nervousness Yes 48 65.8

No 25 34.2

Intraoperative stress Yes 27 37

No 46 63

TBRT pre-OP
(t1) 

TBRT post-OP
(t2) 

TBRT ROS
(t3)

TB
R

T 
(m

s)

p = 0.001

p = 0.001

p = 0.001

Fig. 3 Graphical illustration of mean TBRT results at t1, t2, and t3
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Discussion

Referring to the main research question as to whether oral sur-
gery could have an impact on TBRT and, thus, on patients’
driving ability, we can dismiss the null hypothesis. In other
words, oral surgery performed under local anesthesia does have
a significant influence on TBRT. Especially the finding of a
considerable increase in TBRT postoperatively can be seen as
the key result of this study and questions patients’ driving ability
after having undergone oral surgery under local anesthesia.

There are various possible explanations for the influence of
oral surgery on TBRT. The local anesthetic could play a role.
However, in the drug information provided by the manufac-
turer, it is stated that respective tests did not show any impair-
ment of driving ability. Influencing factors could include emo-
tional stress, postoperative pain, exhaustion after surgery, neg-
ative impact of lying flat with open mouth for a relatively long
time, or a combination thereof.

Interestingly, neither the aspect whether patients indicated
nervousness preoperatively nor the experience of considerable
stress during surgery had any influence on postoperative (t2)
TBRT readings. This would support the hypothesis that phys-
ical rather than psychological factors may be key with regard
to postoperative response times. However, considering that
preoperative (t1) TBRT values were higher than TBRT read-
ings at ROS (t3), an additional psychological component is to
be assumed. In contrast, differences between men and women
were found to be statistically significant with men displaying
shorter TBRTs. This is partly in concordance with the litera-
ture as described in a comprehensive review [18] where the
research data were summarized as mixed. Some studies cited
in this review had found shorter response times in men where-
as others did not find any difference, and none had found
women to be faster.

The approach of taking 10 TBRT measurements per ses-
sion can be assumed to deliver readings which are closer to the
“true” values compared to approaches with only one or a few
measurements. Further, all assessments were conducted by
one investigator only, using the same device and following a
standard protocol which was the same for all participants at
any point in time. The appliance was programmed to indicate

when a force of 160 N was exerted which served as a clearly
and well-defined reference value. The driving simulator used
was adjustable to the participants’ needs and requirements
providing a situation close to a real car seat.

To put our results into context with normal reference
values, preexisting data from 67 volunteers served as a con-
trol. The finding that the outcomes in study subjects at t3 did
not significantly differ from the assessments in the control
group implies that TBRT readings at t3 can be assumed to
be comparable to normal figures of the average population.
The reason for choosing t3 lies in the assumption that patients
would no longer be negatively affected with regard to their
driving ability when returning to ROS about 7–10 days post
surgery. This is an important aspect since TBRT readings at t1
and t2 were statistically compared to t3 values which were
assumed to correspond to normal readings of healthy people.

A potential source of bias refers to the fact that the driving
simulator was not available on each day of the study period
although the availability of the device was completely ran-
dom. Further, the driving simulator was only equipped with
an adjustable seat and three pedals. Hence, it could not fully
reproduce the real-life situation with a closed cabin including
doors, a steering wheel, and mirrors, which is another limita-
tion of this study.

It could be criticized that there may have been a certain
training effect in the study group resulting in skewed (in this
context: better) outcomes at t3. However, since tests at t3 were
performed about 7–10 days post surgery, it is questionable
whether patients may have had an advantage due to the two
preceding sessions (t1 and t2).

Finally, it has to be acknowledged that during the short time
of the test session, patients were focused on reacting to the
anticipated light signal. In a real-life situation, drivers are not
usually in such a permanent state of alert. However, to prevent
patients from driving in a “ready-to-brake fashion,” they were
instructed to fully depress the accelerator when waiting for the
red lamp to flash. Further, the situation was identical for both
the study and the control group.

Statistically significant differences in TBRT readings
were found for all sessions (t1, t2, and t3). Assuming that
TBRT readings at t3 correspond to normal values of the
average population (see above), the gap to immediate post-
operative readings (t2) is considerable. Although—
according to current local legislation—TBRT values at t2
were still in an acceptable range which would allow pa-
tients to drive a car autonomously, it can be assumed that
significantly increased TBRT values at t2 will still result in
a longer reaction and stopping distance as depicted in
Table 2. Considering the enormous number of operations
in oral surgery that are performed every day, even minor
differences in reaction and stopping distances can be as-
sumed to make a considerable difference with regard to the
number of road accidents on a worldwide scale.

Table 2 Reaction distances and stopping distances in meters (m) at a
speed of 50, 100, and 130 km/h calculated using the TBRT mean values
of this study at t1, t2, and t3.

Reaction
distance
at 50
km/h

Stopping
distance
at 50
km/h

Reaction
distance
at 100
km/h

Stopping
distance
at 100
km/h

Reaction
distance
at 130
km/h

Stopping
distance
at 130
km/h

t1 8.5 m 20.6 m 17.0 m 65.2 m 22.1 m 103.6 m

t2 9.1 m 21.2 m 18.2 m 66.5 m 23.7 m 105.2 m

t3 7.5 m 19.5 m 14.9 m 63.1 m 19.4 m 100.9 m
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Regarding generalizability, it can be stated that male
and female patients scheduled for oral surgery under local
anesthesia were invited to participate in this study. Thus,
it can be assumed that our results should be applicable for
men and women aged 18 years or older holding a valid
driving license and not suffering from relevant neurolog-
ical diseases. Consequently, implications and recommen-
dations may be derived and applied beyond our limited
study population.

Since operations of this kind are performed quite frequently
in the adult population, the number of people who may seek
advice regarding their driving ability post surgery is consider-
able on a worldwide scale. Evidence-based recommendations
can be derived from our study results and should also be
helpful from a medicolegal point of view.

The results of our study support the conclusion that every
surgeon performing dentoalveolar procedures should explicit-
ly point out and explain to patients undergoing such interven-
tions that it is strongly recommended not to drive any vehicle
immediately after the operation. Patients should be made
aware of the presumed increased risk of causing an accident
and the potential medical and legal consequences.
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