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INTRODUCTION

DES is a statistical-based computer model developed to
simulate the movements, behaviours, and interactions of
entities in real systems with complex and dynamic struc-
tures [1]. The most important purpose of this model is to
make changes that are very difficult to make in practice, in
a short time, and at a low cost. Thus, comprehensive results
are obtained and compared by testing options that require
different strategies in a simulation model [2]. DES models
enable the prediction of the results that will occur in the
system when too much randomness experienced in a sys-
tem is associated with each other. DES models are designed
to simulate real systems, helping to improve and develop the
real system and achieve desired results [3]. The developed
simulation models are verified by a statistical comparison
of the real system results with the simulation results [4].

DES models are also used to determine the productiv-
ity or utilization rates, working capacities, and idle rates
of assets in systems with complex and dynamic structures
[5,6]. Although it is superficial to calculate the efficiency
of resources, especially in systems with the human factor,
there is a discrepancy between the results obtained and the
actual results [1]. Statistical results of the assets in the sys-
tem are obtained by the DES models designed by using the
historical and current data of real systems [7]. Thus, DES
models should be preferred in terms of determining work
efficiency in mobile systems. Researchers have helped solve
many problems by using the DES method in complex and
dynamic structures [8]. In this study, the efficiency of the
resources and the time of the resources were determined
using the DES method in the field of health, which has
a dynamic structure. For this reason, we have taken into
account the literature review of the study, studies in the
field of healthcare.

DES models applied in the healthcare field are gener-
ally aimed at minimizing patient waiting times [9-12]. It
has been determined that patients who have to wait for a
long time in the emergency department of a hospital in
Quebec province reduce the waiting time by providing
more responsibility to the nurses with the DES method
[13]. In another study, strategies were developed using the
DES method to significantly reduce the waiting time by
analyzing the patient flow in the emergency departments
[14]. It has been observed that patient waiting times and
patient stay times are reduced by simulating scenarios in
the DES model by creating two types of scenarios in emer-
gency service units with a large number of patients [1]. The
DES method was applied to identify bottlenecks that cause
patient waiting times by analyzing the radiotherapy plan-
ning process in the London Regional Cancer Program. By
making changes in the number of health resources, patient
waiting times were reduced by 6.65% with this study [15].
Hasan et al. developed a DES model to statistically analyze
the average waiting time of patients for intensive care beds
[16].

The simulation models measure how the system is
affected as a result of changes in the number of resources
in the designed systems [17]. The results to be obtained
as a result of the changes made in the numbers of health
resources take a long time. However, getting these results
with DES models requires both low cost and a short time.
The use of the DES method is preferred by researchers for
optimum results to be obtained by making resource plan-
ning for a health department [18]. In a study, the number
of patients treated, the patient waiting time, and the effi-
ciency rates of patient resources were calculated using the
DES method as a result of the changes made in the number
of health resources without adding externally to the system
[11,19]. By managing the resources of an Internal Medicine
outpatient clinic, patient waiting times, lengths of stay, and
system performances were examined through the DES
model [4]. The changes in the number of nurse resources
were analyzed through the DES model to improve the sys-
tem in order to increase the number of patients treated in
an on-campus clinic at Mississippi State University [10].

The aim of this study is to calculate the efficiency rate of
the clinic without changing the number of health resources
belonging to a dental clinic and to determine the times
related to the patients. Additionally, the patient flow sys-
tem of the dental clinic is discussed in this study to iden-
tify the bottlenecks that cause incoming patient congestion
[20]. Although the DES method is frequently used in the
field of health, it has been applied by very few researchers
in dental clinics. Mohammed et al. created a DES model
to reduce the waiting time of patients for dental treatment
and to increase the efficiency of existing health resources
[21]. Although the DES method is frequently used in the
field of health, it has been applied by very few researchers
in dental clinics. Mohammed et al. created a DES model
to reduce the waiting time of patients for dental treatment
and to increase the efficiency of existing health resources
[22]. Czech et al. created a DES model of a dental clinic and
confirmed that reducing patient waiting time and increas-
ing the number of patients treated were achieved at zero
incremental cost [23]. In the present study, we emphasize
that the DES model was developed to validate the efficiency
of a dental clinic’s resources and determine wait times, not
to increase the number of patients treated or reduce patient
waiting times.

This study consists of four main parts. The first part
includes a literature review of studies that are directly or
indirectly related to the study. Information about the meth-
odology of the study is discussed in the second part of the
study. The simulation outputs of the DES model developed
for the present study are discussed in the third part. The
information that the DES method should be applied in
dental clinics and that helps determine the utilization of the
resources in dental clinics is given in the last part of the
study.
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METHODOLOGY

Data of Study

A discrete event simulation model was developed for a
dental clinic, and the efficiency ratios of the resources of
the clinic, the LOS (length of stay), and waiting time were
considered in this study. DES models are widely used in
dynamic structures to obtain statistical results in situations
that do not act according to a certain rule. Although dental
clinics work with an appointment system, according to the
data used for this study, 32.91% of the patients come to the
clinic without an appointment (Such patients are defined as
first-visit patients). The rate of patients who visited again
was calculated as 67.09% (with an appointment- creating
several sessions for those whose dental treatment is not
completed).

The clinic operates between 08:00-19:00. Six physicians,
including four regular dentists and two orthodontists, work
in the clinic. Other health resources are employed as two
assistants and two clerks. The clinic has six beds and two
triage (dental x-ray) locations. In this clinic, which has these
health resources, the daily patient capacity and the number
of patients treated were given in Table 1. In the clinic, an
appointment is given to a firs-visit patient every 45 minutes
by orthodontists and every 60 minutes by dentists, regard-
less of the duration of the treatment. An orthodontist treats
up to 15 first-visit patients in a day. The same orthodon-
tist treats up to 22 re-visit patients in one day. Likewise,

for normal dental treatments, a dentist treats 11 patients
(first-visit) or 15 patients (re-visit) per day. Considering
the number of doctors, the number of first-visit patients
treated and the number of re-visit patients are calculated as
74 and 104, respectively. Usually, no physician can fill their
appointment system. According to the data collected for the
simulation model, the number of first-visit patients treated
by orthodontists and dentists was calculated as 30 and 49,
respectively and the number of re-visit patients treated
by orthodontists and dentists was calculated as 8 and 18,
respectively.

There is an irregular patient arrival situation in this
dental clinic as the daily appointment time does not fill.
Therefore, patient arrival times for the simulation model
were calculated according to distribution rather than an
appointment system. The number of patients admitted in
one-hour intervals was shown in Figure 1.

DES Model of the Study

The computer program Flexsim Healthcare version
21.00 was used for the DES model. This program is 3D and
works with icons pull-and-drop system. One of the biggest
reasons why this program is preferred is that it is easy for
patients to follow their milestones step by step in patient
flows. The simulation model was created according to the
layout of the clinic. The screenshots of the 3D simulation
model were shown in Figure 2.

Table 1. Number of patient arrivals daily with (re-visit patient) or without (first-visit patient) an appointment

Status Expected Situation Actual Situation
Resources/Numbers First-visit' Re-visit (No triage)? First Visit Re-visit
Time Patients Time Patients Patients Patients
Orthodontist/2 45 15/ (30) 30 22/ (44) 30 by 2 Orthondists 8 by 2 Orthondists
Dentists /4 60 11/ (44) 45 15/ (60) 49 by 2 dentists 18 by 2 dentists
Total (74) (104) 79 26
'only valid for no-appointment-patient capacity (first visit), only valid for appointment-patient capacity (re-visit)
W Patients Arrival
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Figure 1. The number of patient arrivals by hour.
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Figure 2. 3D Simulation model screenshot of dental clinic.

The operating principle of the simulation model is
based on the patient flow chart. Patients come to the clinic
for two types. First, normal dentists are visited for treat-
ments such as tooth extraction, tooth filling, root canal.
The second type of patients come to orthodontists for treat-
ments such as placement of braces, removal of braces, chek
up, etc. 34.0-36.0% of patients visit orthodontists, while
64.0-66.0% of patients who come to the clinic visit regu-
lar dentists. The patient flow chart of the dental clinic was
shown in Figure 3 in detail. The term WR in the patient
flow chart is defined as the waiting room (this room is the
area where patients have to wait until the start of the events
during the treatment in the simulation model). The terms
WRI1...WR7 are expressions that indicate which stage the
patients are waiting for. For example, all patients who come
to the dental clinic are expressed as WRI1 to define the time
they wait until the registration desk or the registration staff
is available before the registration process.
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Figure 3. 2D simulation model showing a patient flowchart.
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Input parameters of the DES model

In the patient flow diagram, each patient passes through
different processes. Distributed times were used for each
process, not an exact time. The main reason for this is that
each patient has a different treatment process. If a patient
visits the clinic for the first time, the patient sees four pro-
cesses in total. The patient first logs in and registers, then
the assistants help the patient with the triage process. Triage
is performed for those who come to the clinic for the first

Table 2. The IDs, definitions and distributions of the process

Process ID Process Name Definitions

0.0 Arrival -

1.0 Check-in by clerks -

- Check-in
- fee payment

- Setting an appointment time

2.0 Triage by Assistants - X-ray

time of patient’s arrival to the clinic

Sharing the arrival information of the
patients in cooperation with the assistants

time. After triage, the assistants decide by which doctor the
patient will be examined. If the patient is to be examined
by a regular dentist, the patient is referred to one of the
four available dentists. If an orthodontist treats the patient,
the patient is referred to one of the two orthodontists. The
patient, whose treatment process is over, leaves the clinic by
exiting by the officers. The IDs, definitions, and distribu-
tions of the process were provided in Table 2.

Process Time
triangular (169.2, 1126.8, 722.4)

Cumulative distibution function
03717

S

Triangular (69.6, 228.6, 150)

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Uniform (386.4, 1099.74)

- collaborating with dentists for the next

process

- type of treatment decision
- Dentists’ selection decision

3.1 Exam by Dentists -
dental problems
- tooth extraction
- dental filling
- root canal

- tooth stone cleaning
- tooth decay and plaque removal
- prosthesis, concealer and whitening

application
- etc

3.2 Exam by Orthodontists -
dental problems

- designing and creating dental moulds
- Denture procedures,
- braces procedures,

- excessive biting,

- procedures required for tooth gap or
crowding situations,
- other orthodontic procedures,

4.0 Check-out by clerks -

- check-out
- fee payment

- Setting an appointment time

collaborating with assistants to deal with

collaborating with assistants to deal with

Sharing the arrival information of the
patients in cooperation with the assistants

Uniform (746.52, 2157.72)

Cumulative distribution function
07962

\

Uniform (473.64, 1857.48)

'
s
§
g i
£
g

Triangular (69.6, 228.6, 150)

Jative distrbution function

S

\

*Patient arrival times and the durations of the other processes were calculated in seconds.
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There are some limitations of the DES model. The
patient arrivals were provided in a distributed manner,
not according to the appointment system in the simula-
tion model. For this reason, the simulation works with the
principle of first-come, first-serve treatment (FCES). In
simulation models, it generally works on the principle of
first-come, first-out (FIFO). However, in the DES model we
developed, the exit time of the patient who first entered the
system is not precise because the processes have dispersed
times. The processes required for treatment were calculated
according to a distributed time, not for each treatment type.
At the end of each process, the patient is directed to the
waiting room. Otherwise, the patient will wait where the
resources involved in the process are available to start the
following process. In such a case, the next patient becomes
unable to continue their processes. As a result, the cor-
rect operation of the simulation is prevented. In standard
clinics, each dentist has his room. However, in the DES
model, rooms are preferred to be used jointly. The dentist
cannot treat the patient who is treated at the orthodon-
tist. The available personnel, not the same personnel, have
been assigned in order to prevent backlogs in all processes.
Another limit is the preference of a dentist who is avail-
able for the subsequent treatment of the patients. Thus, the
patient waiting time was reduced to a minimum. Rest time
was not added to the DES model because clinical resources
do not have a specific resting time. Instead, rest times were
taken into account as the times when resources were idle to
treat patients. The results of the simulation were calculated
according to the number of patients leaving the system, not
the number of patients entering the system.

RESULTS OF THE STUDY

In terms of DES use, researchers mainly were preferred
hospitals, but very few researchers until now used the DES
method in a limited way for dental clinics [21-24]. In this
study, very detailed data were obtained by using the DES
method. We obtained data on the efficiency rates of the
health resources of the clinic, patient waiting, and length of
stay in the system by creating a 3D simulation model of a
dental clinic. The developed 3D simulation model was run
for 11 hours (8:00 am-7:00 pm) per day.

The data expressed in Figure 4 were defined as two
types. The data obtained by running the simulation and
the data in the real situation were compared. The num-
bers of patients treated daily in terms of locations are
given in Figure 4. According to this figure, the number of
patients treated in the triage area should not be included
in the total number. This is because the patient undergo-
ing triage treatment is already examined by either a regular
dentist or orthodontist.

It is very difficult to determine the efficiency ratios of
resources in systems with dynamic structures. Utilization
rates of the resources in a system are traditionally manner
calculated with the following formula [25]:

A
=5

p (1)

where p represents the utilization rates of the resource. A
and y signify the arrival rate and process time, respectively.
The number of servers (resource) is denoted by the symbol
s. The utilization rates based on the simulation model are
calculated by considering the time each resource spends

AN N IR TN N.

Figure 4. The numbers of patients treated daily in terms of locations.
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with each input. In contrast, the traditional utilization rates
consider the relationship between the resource and the out-
put. The resource costs, treatment cost, and variable and
fixed costs were ignored in Eq (1). For this reason, simu-
lation utilization rates are calculated lower than conven-
tionally calculated utilization rates. There are two reasons
for the low efficiency of resources in the simulation model.
The reason for this is that the entities in the simulation act
as a robot. However, people meet their needs such as rest-
ing, eating and drinking, and toilet in real life. Therefore,
the human factor should be taken into account when com-
paring these rates. In the other case, in the simulation, a

resource starts to form its efficiency rate only from the
moment it starts an event. It does not take into account the
idle time between events. The utilization rates of resources
based on the DES model and the traditional manner were
compared in Figure 5.

The results obtained in the DES model according to
the utilization rates of the dental clinic were given in Table
3 and Table 4. The utilization rates of the dental clinic’s
resources were obtained hourly by running a simulation
model in the computer environment. According to Table 3,
dentists, orthodontists, assistants, and clerks have a working
utilization of 65.5%, 77.5%, 35.5%, and 45%, respectively.

1.0

The utilization rates
S e = e = R =
(3] W EEN [¥)] (=)} ~J [ele] el

e
=

o
=)
L

O Simulation Model
Traditional Version

N

Dentist 1 Dentist 2 Dentist 3 Dentist 4

Orth 1

Orth 2 Assist 1 Assist 2 Clerk 1 Clerk 2

The resources of dental clinic
Figure 5.The utilization rates of resources based on the DES model and traditional manner.
Table 3. The utilization rates of human resources during working hours
Time Dentist1 Dentist2 Dentist3 Dentist4 Orth1l Orth2 Assistl Assist2 Clerk1l Clerk2
08:00-09:00 0.69 0.54 0.48 0.37 0.65 0.59 0.46 0.21 0.41 0.04
09:00-10:00 0.46 0.74 0.60 0.70 0.86 0.83 0.05 0.40 0.47 0.49
10:00-11:00 0.35 0.38 0.55 0.38 0.80 0.93 0.46 0.35 0.47 0.49
11:00-12:00 0.88 0.99 0.78 0.96 0.86 0.85 0.31 0.56 0.49 0.46
12:00-13:00 0.64 0.10 0.57 0.64 0.79 0.74 0.55 0.37 0.47 0.49
13:00-14:00 0.86 0.85 0.80 0.86 0.99 0.99 0.49 0.40 0.49 0.46
14:00-15:00 0.72 0.84 0.75 0.52 0.98 0.92 0.23 0.32 0.47 0.48
15:00-16:00 0.30 0.65 0.31 0.49 0.75 0.58 0.76 0.47 0.49 0.47
16:00-17:00 0.88 0.80 0.87 0.86 0.91 0.99 0.08 0.10 0.46 0.46
17:00-18:00 0.69 0.51 0.67 0.62 0.33 0.27 0.27 0.33 0.50 0.46
18:00-19:00 0.64 0.73 0.89 0.88 0.82 0.71 0.17 0.45 0.48 0.48
Average 0.65 0.65 0.66 0.66 0.79 0.76 0.35 0.36 0.47 0.43
Maximum 0.88 0.99 0.89 0.96 0.99 0.99 0.76 0.56 0.50 0.49
Minimum 0.30 0.10 0.31 0.38 0.33 0.27 0.08 0.10 0.46 0.43
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According to Table 4, the beds reserved for dentists,
the beds for orthodontists, the triage locations used by
assistants and the registry office where clerks work have a
working utilization of 68.25%, 89.5%, 31.0%, and 99.0%,
respectively.

According to the box chart, it is observed that the data
are generally distributed between the third quarter (100.30
min) and the minimum value (41.68 min). According to the
data of 105 patients with LOS value, the standard deviation
was calculated as 23.28. The skewness trends of the data are

Table 4. The utilization rates of locations resources during working hours

Time Bed 1 Bed 2 Bed 3 Bed 4
08:00-09:00 0.70 0.54 0.49 0.37
09:00-10:00 0.64 0.57 0.65 0.66
10:00-11:00 0.79 0.55 0.35 0.16
11:00-12:00 1.00 0.76 0.88 1.00
12:00-13:00 0.86 0.58 0.46 0.15
13:00-14:00 1.00 1.00 1.00 1.00
14:00-15:00 0.94 0.67 0.54 0.75
15:00-16:00 0.76 0.53 0.44 0.04
16:00-17:00 0.98 0.80 0.77 0.90
17:00-18:00 0.87 0.64 0.50 0.51
18:00-19:00 0.91 0.99 0.59 0.73
Average 0.86 0.69 0.61 0.57
Maximum 1.00 1.00 1.00 1.00
Minimum 0.64 0.53 0.35 0.04

*These beds are only reserved for orthodontists during working hours.

Another result obtained in the DES model is the average
time that patients should spend in the clinic. This period is
called the length of stay (LOS) [1,11]. The LOS value of the
patients is calculated with the following formula:

LOS = timefufiintt + timeasistants + {tiMeqentists O tiMegentists}
+ timegl’lei‘iclgout + time'f/zi;ionnel + timeéﬁfﬁ,ﬁons (2)
There are six different time types in the LOS value. Two
of these times are related to waiting time (time expected for
available personnel or location). The statistical information
about the time a patient should spend for dental treatment is
shown in Figure 6 as a box pilot. The maximum, third quar-
tile, median (second quartile), first quartile, and minimum
values of the data obtained in the simulation model and the
distribution of the data are shown with a box-plot. In addi-
tion, this plot was used to display skewness, frequency, sym-
metry, and outliers, which are other statistical data. The time
a patient must spend in the clinic for treatment was a max-
imum of 155.51 minutes and a minimum of 41.68 minutes.
In the DES model, which included 105 patients, the mean
LOS value of a patient was calculated as 80.67 minutes. The
biggest reason for a patient to wait for such a long time is the
bottlenecks caused by healthcare resources in the DES model
and the inability to allow other processes between successive
processes in the patient flow diagram.

Bed 5% Bed 6* Triage1 Triage2 Registration
0.80 0.76 0.38 0.18 0.91
0.99 0.84 0.36 0.00 1.00
1.00 1.00 0.51 0.24 1.00
0.92 1.00 0.35 0.43 1.00
1.00 0.97 0.51 0.36 1.00
1.00 1.00 0.59 0.20 1.00
1.00 0.97 0.18 0.26 1.00
0.90 0.92 0.76 0.41 1.00
0.96 1.00 0.06 0.00 1.00
0.43 0.51 0.52 0.00 1.00
0.83 0.92 0.38 0.13 1.00
0.89 0.90 0.42 0.20 0.99
1.00 1.00 0.76 0.43 1.00
0.43 0.51 0.06 0.00 0.91

positive (0.58), and the LOS values approach the minimum
value. Only two patient’s LOS values were out of order and
were calculated as 155.51 and 141.69 minutes, respectively.
There was a 30-minute time difference between this patient
and the patient with the third-highest LOS value (119.07
min). 54.28% (57 patients) of the treated patients were below
the mean LOS value, while 20% (21 patients) of the treated
patients fell between the mean and Q3 values. The LOS value
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Figure 6. Time spent (length of stay) by patients in the
dental clinic.
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of 24.76% (27 patients) of the treated patients is between Q3
and the patient with the second maximum LOS value.

The average time a patient spends with dentists was cal-
culated at 24.69 minutes. The patient spends 21.48 minutes
in contact with orthodontists, and the average time that
the patient spends with the assistants for the triage proce-
dure was computed 13.20 minutes. The other time type for
the LOS value is patient waiting times. A patient waits an
average of 15.45 minutes to complete the dental treatment
in this clinic. Patients wait 15.81 minutes for an available
staff member and 15.1 minutes for an available location to
receive dental treatment. The patients wait for the available
location for 23.7% of the beds, 74.10% for the beds reserved
for orthodontists’ treatments, and 2.2 % for the availabil-
ity of the triage area for the triage process. A large propor-
tion of the time patients wait for available staff is caused by
assistants.

CONCLUSIONS, RECOMMENDATIONS, AND FU-
TURE DIRECTIONS

The aim of this study is to calculate the efficiency of the
resources of a dental clinic using the DES technique, as well
as to calculate the patient treatment and waiting times. The
importance of the simulation technique has been revealed
by comparing the obtained results with the actual results.
A long time and a high cost are inevitably needed to get
the results of the changes made on a system in the real
world. However, the results are obtained at a low cost and
in a short time by imitating a system in a computer envi-
ronment. We presented this study as the best example to
provide results that need to be obtained in a short time and
atalow cost [26]. Considering that mathematical models or
statistical analyses are insufficient, especially in a dynamic
structure system, it is inevitable to use the DES method in
these structures.

Although this method is widely used in the field of
healthcare with a dynamic structure, few researchers have
used it in dental clinics. However, we observed that the
researchers using this method could not obtain detailed
data and approached it superficially. In this study, detailed
results, mainly statistical data, were obtained with the
DES model created within the framework of accurate
data. For this reason, we fully believe that this study will
be the most important resource for studies that are con-
sidered to apply the DES method in dental clinics. The
most important recommendation for future studies is to
examine the effect of changes in sources not included in
this study on the results.

In this study, besides calculating the efficiency ratio
of the resources of a dental clinic, the time that a patient
should spend in the clinic was calculated. In future stud-
ies, a detailed DES model should be created to increase
the efficiency of the resources of a dental clinic as well
as to reduce patient waiting times. Researchers should
aim to calculate the optimum scenario for the clinic by

creating many scenarios. In particular, the optimum num-
ber of sources should be calculated by integrating the Full
Factorial Design of Experiment method, which takes into
account all combinations of clinical source numbers, with
the DES method.
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