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DEVELOPMENT OF AUTOMATED METHADONE DISPENSER FOR DRUG
ADDICTION THERAPY
ABSTRACT

Drug abuse and drug addiction are becoming growing issues in most countries
worldwide and are considered major public health problems. An initiative has been
introduced in Malaysia via the methadone maintenance treatment program since the year
2005. Although the program has shown gradual success over the years by reducing the
relapse rate of the patients, it has encountered several challenges in maintaining the
effectiveness of the manual dispensing method done by using syringe. Therefore, an
automated methadone dispenser was developed to improve its effectiveness with the
usage of peristaltic pumps and load cell sensors as the main dispensing mechanism. In
this research, the reliability and feasibility of the dispenser were determined through
percentage error, accuracy and repeatability, and efficiency tests, respectively. The
experiment started with sugar solution preparation by dissolving 66.6mg of sugar in 50ml
of distilled water. The dynamic viscosity of the sugar solution prepared is 36.680 mPa.s
compared to 37.286 mPa.s for methadone syrup resulting in percentage error of 1.625%.
Sugar solution was dispensed from 2ml to 50ml in increments of 2ml by using methadone
dispenser and manual technique. It was found that the Pearson coefficient for methadone
dispenser and manual technique is 0.998 and 0.994 respectively. Performance evaluation
was carried out by comparing the volume dispensed and time taken to dispense 16 ml of
sugar solution using manual technique which is syringe and beaker, and methadone
dispenser for 100 runs. Based on the performance evaluation, the findings suggested that
the automated methadone dispenser has contributed to the decrease in percentage error
from 8.58% to 1.50% and improved dispensing time by 81.69%. The methadone
dispenser also increases the dispensing accuracy by 4.0% compared to current manual

methadone dispensing practices.
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PEMBANGUNAN MESIN PENDISPENSAN METADON AUTOMATIK UNTUK
TERAPI PENAGIHAN DADAH
ABSTRAK

Penyalahgunaan dan penagihan dadah adalah isu yang kian meruncing di kebanyakan
negara dan dianggap sebagai masalah kesihatan umum yang utama. Satu inisiatif telah
diperkenalkan di Malaysia melalui program rawatan terapi gantian menggunakan
metadon sejak tahun 2005. Walaupun program ini telah menunjukkan keberkesanannya
dalam mengurangkan kadar berulang dikalangan pesakit, program ini menghadapi
beberapa cabaran dalam mengekalkan keberkesanan proses pendispensan manual yang
dijalankan oleh pengamal kesihatan yang diiktiraf. Oleh itu, sebuah mesin pendispensan
metadon automatik telah dibina bagi meningkatkan kecekapan dan mematuhi tuntutan
serta keperluan pengguna dengan menggunakan pam peristalsis dan sensor sel beban
sebagai mekanisma pendispensan utama. Dalam penyelidikan ini, kebolehpercayaan dan
kebolehlaksanaan mesin ini ditentukan melalui beberapa ujian iaitu peratusan kesilapan,
ketepatan dan kebolehulangan, serta ujian kecekapan. Ujikaji dimulakan dengan
penyediaan larutan gula dengan melarutkan 66.6mg gula dalam 50ml air suling. Kelikatan
dinamik bagi larutan gula yang disediakan adalah 36.680 mPa.s berbanding 37.286 mPa.s
bagi sirap metadon yang menghasilkan peratusan ralat 1.625%. Larutan gula didispens
dari 2ml kepada 50ml dengan peningkatan 2ml menggunakan pendispensan metadon dan
teknik manual. Analisa Pearson bagi pendispensan metadon dan teknik manual masing-
masing adalah 0.998 dan 0.994. Penilaian prestasi dijalankan dengan membandingkan
isipadu dan masa diperlukan bagi proses pendispensan 16ml larutan gula bagi 100 kali
menggunakan teknik manual iaitu picagari dan bikar, dan pendispensan metadon.
Berdasarkan penilaian prestasi yang telah dijalankan, penemuan tersebut menunjukkan
bahawa mesin pendispensan metadon automatik ini telah menyumbang kepada

penurunan peratusan kesilapan daripada 8.58% kepada 1.50% dan penambahbaikan masa



pendispensan sebanyak 81.69%. Mesin pendispensan metadon ini juga telah
meningkatkan ketepatan proses pendispensan metadon sebanyak 4.0% berbanding

dengan amalan pendispensan metadon secara manual yang diamalkan sekarang.

Keywords: Mesin pendispensan automatik, Penilaian prestasi, Terapi penagihan

dadah.
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CHAPTER 1: INTRODUCTION

1.1 Introduction

Substance use such as opioids is a major cause of disability globally which has become
one of the major risk factors for the burden of disease worldwide, with 11% of the total
health burden (Forouzanfar et al., 2015). This issue has been proved by the United Nations
Sustainable Development Goals (SDGs) which is shown by the amount of treatment
coverage for substance use disorder throughout the year in 26 countries (Degenhardt et
al., 2017). Most of the drug addicts have been using it for years and some of them have
experience joining the rehabilitation centre. However, most of them are unable to fully
recover due to stigma and perceptions of the community (Luo et al., 2019). Stereotypes
and prejudicial attitudes in the community might weaken their willingness to access
healthcare (Borders et al., 2015) and adhere to the treatment which might affect their

health (Chakrapani et al., 2014; Mburu et al., 2018).

Malaysia, as one of the countries facing the problem, has spent a significant amount
of financial resources in an attempt to overcome the drug addiction problem
(Kamarulzaman, 2009). Methadone maintenance treatment (MMT) is one of the
initiatives introduced in 2005 that has been used to treat opioid dependence (Ali et al.,
2016). Methadone is a potent synthetic opioid agonist which can be administered orally,
daily to achieve a steady-state plasma level after repeated administration (Lewis, 1997).
Although it has almost the same effect as other opioids such as morphine, consuming
methadone at a certain therapeutic dose will reduce craving and dependence while
preventing the withdrawal effect (Abdel, 2006). Besides, the MMT program has been
shown to be a cost-effective alternative which can reduce illicit drug use and crime rate

significantly while improving social productivity (K. E. Moore et al., 2018).
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However, an increase in drug addicts participating in the MMT program has resulted
in more workload on the pharmacists (B. A. Moore et al., 2013). Dispensing methadone
continuously by using syringes due to the increased workload exposed pharmacists to the
risk of musculoskeletal disorders such as carpal tunnel syndrome (CTS). Besides, the
excessive workload may lead to medication errors (MEs) which can cause unintended
treatment results or death (Makary & Daniel, 2016). A dispensing error which is a type
of MEs can be defined as discrepancies between medications that were prescribed and
dispensed (Velo & Minuz, 2009). The manual dispensing method which is widely used

has a higher risk of dispensing error due to it being more prone to human error.

Pharmacy automation as means of technological intervention can be very
beneficial in carrying out regular, repetitive tasks such as dispensing medicine which does
not require complicated decision-making. An automated dispenser has been developed to
improve the efficiency, accuracy and dispensing time of the dispensing process. There is
an automated methadone dispenser developed to dispense methadone prescriptions
according to the volume and dispensing time specified for drug addiction therapy (Amran
et al., 2019). Thus, removing the need to dispense and measure the methadone syrup
manually for each patient. However, the dispenser can only dispense one prescription at

a time which is less efficient for patients who are stable and eligible for take-home doses.

In this thesis, a methadone dispenser for drug addiction therapy equipped with seven
outlets is proposed to improve dispensing efficiency, accuracy and repeatability, while

reducing dispensing time, dispensing errors and occupational hazards for pharmacists.
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1.2 Problem Statement

The main problem in the current research is the reliability of peristaltic pumps and load
cell sensors in the automated methadone dispenser as the dispensing mechanism instead
of the current manual technique. The new alternative is introduced because the current
manual dispensing technique by using syringe and beaker to measure and dispense the
methadone syrup is inefficient, has wider range of volume dispensed and prone to human
error. Based on the analysis done on the dispensing process by one of the pharmacists, it
is found that the volume distribution is wide and inconsistent. Besides, the time taken for
the pharmacist to dispense a certain number of prescriptions takes a long time which
reduces the efficiency of the whole process. So, it is important to ensure the viability and

suitability of the new alternative to prove that the process can be successfully improved.

The pump which dispenses the liquid must function according to the reading obtained
by load cell sensor to ensure the accuracy of the liquid dispensed. Thus, performance
evaluation must be carried out as it allows analysis to be done. Once the automated
methadone dispenser is evaluated, discussed, and justified, then it can be proven to be
more efficient and accurate as well as viable to replace the current manual dispensing
technique. The performance that will be evaluated can be divided into several parts which
are accuracy, repeatability and dispensing time. Then, the performance will be compared

with the current manual technique to discuss the difference and improvements made.

Next, the problem in testing the new device is the availability of methadone syrup to
be used. Methadone is a controlled drug which can only be prescribed by licensed
healthcare professionals to specific individuals. So, the methadone syrup cannot be used
in the research to test the newly developed dispenser. To overcome the problem, a
methadone syrup substitution is carried out. The substitute is required to have

approximate properties such as dynamic viscosity compared to the methadone syrup to
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ensure that the performance evaluation can be conducted accurately. In this thesis, a sugar
solution substitute is prepared to be used for the testing and performance analysis. The
dynamic viscosity is considered since the testing involves dispensing process by the

peristaltic pump for automated dispenser and syringe for manual technique.

1.3 Research Objectives
The scope of this research is to design and develop an automated methadone dispenser

for drug addiction therapy. The objectives are listed as follows:

1. To study and develop an automated methadone dispenser equipped with seven
peristaltic pumps and load cell sensors that will assist and enhance the methadone
dispensing process in MMT program.

2. To evaluate and analyze the performance of the developed automated methadone
dispenser compared to the manual dispensing method in terms of accuracy and

repeatability of the volume dispensed, and dispensing time.

14 Scope of Research

The research focuses on studying and analyzing the performance of the automated
methadone dispenser equipped with seven outlets to be implemented for drug addiction
therapy. This study is important to ensure that the alternative proposed for the dispenser
to use peristaltic pumps and load cell sensors as dispensing mechanism can provide the
methadone syrup according to the requirements with better accuracy, precision and
efficiency compared to the current manual dispensing technique. This is because the
current manual dispensing technique uses syringes and beakers to dispense the methadone
syrup which takes time, is inefficient and has the risk of error. Besides, the seven outlets
and tubing system introduced to allow the dispensing of seven bottles simultaneously are
more efficient and time-saving for patients who are eligible for take-home dose as up to

seven identical prescription.
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The research starts with the design and modelling process of the automated methadone
dispenser which is then fabricated. After the component selection and development
process, the components of the dispenser such as load cell sensors and peristaltic pumps
were programmed to ensure the dispensing process can be carried out. Meanwhile, sugar
solution substitution is prepared for the performance evaluation by dissolving a specific
amount of sucrose into fixed volume of distilled water. The properties of the solution
prepared which is the dynamic viscosity is measured by using a viscometer to ensure that
the viscosity is equal to methadone syrup viscosity. Once the methadone dispenser is
ready, performance evaluation is carried out to analyze its performance in terms of
accuracy, repeatability, and dispensing time. This is to ensure that the peristaltic pumps
and load cell sensors in the dispenser can replace the syringe usage of the current manual
technique while providing improvement to the overall dispensing process of methadone

in drug addiction therapy.

Hence, the scope of the research is to study, develop and analyze an automated
methadone dispenser equipped with seven outlets and conduct performance evaluation of
the automated methadone dispenser compared to the current manual dispensing method

in terms of accuracy, repeatability, and dispensing time.

1.5 Summary

Based on the current situation of the drug addiction problem, the increase in the
number of patients in drug addiction therapy has increased the workload of pharmacists.
Increased workload and continuous dispensing tasks performed by the pharmacists by
using syringe and beaker led to performance reduction and a higher risk of dispensing

€1TO0T.

Therefore, usage of automated methadone dispenser equipped with seven outlets

consisting of peristaltic pumps and load cell sensors as the dispensing mechanism is
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studied and proposed to overcome the problem. To ensure the feasibility of the methadone
dispenser, performance evaluation and analysis is carried out to compare the performance
and reliability between the methadone dispenser using peristaltic pumps and load cell
sensors as dispensing mechanism, and manual technique using syringe and beaker in
terms of accuracy, repeatability and dispensing time. The analysis is carried out by
dispensing a constant volume for a number of runs as well as dispensing a series of
volume with an increment to study the accuracy of the peristaltic pumps and load cell

SENSors.

The research is carried out by designing the methadone dispenser which is followed
by a study and research on the suitable components to be assembled and fabricated
according to the model made. Based on the study and literature review that have been
done, methadone syrup substitution is prepared by dissolving a specific amount of sugar
into distilled water. After the circuit and program of the dispenser are done, testing and
performance evaluation is carried out to compare the performance with the manual
technique. The testing process is carried out by dispensing a fixed amount of liquid using

both dispensing techniques which the volume and time taken for each run is recorded.

1.6 Organization of Thesis

This thesis contains five main chapters as described in the outline shown in Figure 1.1.
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Figure 1.1 Thesis outline
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CHAPTER 2: LITERATURE REVIEW

2.1 Automated Dispenser

The automated dispenser has been used in many sectors due to the improvement
mainly in terms of efficiency that it offered. As an example, a liquid dispenser used in the
colour industry is designed and fabricated (Khatod & Sakhale, 2012). The main objective
of the research is to overcome the disadvantages of the current manual technique which
are costly, complex, and hard to operate. Besides, the research also aimed to improve the
accuracy of the dispenser. Liquid dispensers can be divided into four types according to

the basis of application as shown in Figure 2.1 (Khatod & Sakhale, 2012).

[ Dispense-only Mix and dlspense]

type
Liquid
Dispenser
Hot melt dispense Meter, mix and
application dispense type

Figure 2.1 Types of liquid dispensers (Khatod & Sakhale, 2012)

The automated liquid dispenser has been applied in the food & beverages industry.
This is because a dispenser is a practical and useful technique of dispensing a certain,
preset amount of product through a production system (‘Improving Batch Dispensing in
the Food and Beverage Industry’, 2018). The new technique reduces product handling
which decreases batch production time and increases consistency and efficiency among
batches. An automated bar dispenser is developed to measure the pour sizes and record
them in the database (Istocka, 2015). This method allows record comparison with the
sales database to track losses. Since the customers can use the dispenser themselves, the

system expanded to self-served customers without the need for a bartender.
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2.1.1 Automated Dispenser as Medical Device-Based Application

Automated dispensers are a convenient alternative for patients to receive drugs with
the condition that the pharmacists can intervene when needed before the administration
of drugs. Recently, automation technology and intervention have been implemented in
the medical field (Bajaj, 2018) as healthcare institutions such as hospitals and clinics have
been searching for enhancements and innovative solutions for better patient safety quality
(Tsao et al., 2014). The current technology and advancements have enabled rapid growth
and development in medical device innovations (Hoadley & Ananthan, 2013),
specifically in the pharmacy department (Chapuis et al., 2015). This might be due to the
requirement for the medication dispensing process at every level to be more efficient and
safer with a low risk of medication errors (MEs) (van den Bemt & Egberts, 2007). MEs
are likely to happen due to the nature of the human itself causing an error (Rabiu et al.,
2014). Besides, the dispensing process by using manual techniques such as using a

spatula, simple tray, beaker, and syringe is time-consuming (Embrey, 2012).

Hence, MEs have to be controlled and avoided due to the threat of causing drug-related
complications to the patients (Meyboom et al., 2000). The factors that cause MEs were
discussed and clarified by Amran et al. (2019) where they happened due to the lack of
skills and knowledge, distraction on the pharmacists, and high pharmacists’ workload. A
higher risk of MEs can also be caused by the working environment itself (Salmasi et al.,
2015). Figure 2.2 shows the types of MEs that normally occur in pharmaceutical patient
care (Cheung et al., 2009) and the most common errors in dispensing errors include dose
omission (Anselmi et al., 2007), wrong dose (Teagarden et al., 2005), and wrong
dispensing time (Barker et al., 2002). The problem is becoming more serious over the
years due to the increased workload among healthcare professionals caused by the
increase in prescription demand (Li & Yoon, 2015). In this thesis, the research aimed to

address one of the dispensing errors which is wrong dosage or medicine quantity. This is
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a dangerous error as it can cause serious effect such as overdose to the patient when

inaccurate dose is administered or consumed.

Figure 2.2 Type of medication errors (Ashcroft et al., 2005; Beso et al., 2005;
Chua et al., 2003)

Hence, implementation and usage of an automated dispenser have been introduced in
the medical field such as pharmacy departments with the main objective to reduce those
errors (Darwesh et al., 2017) and reducing direct human involvement in the dispensing
and prescription process (Aldossary, 2016). Besides, the implementation of automated
dispensers contributed to patient outcomes improvement (Chapuis et al., 2010). Other
advantages of automated dispensers consist of improved productivity (Liu & Fu, 2020),
time reduction caused by movement removal and routing speeds enhancement (Amran et
al., 2018), removal of expired drugs possibility (Hachemi & Rabhi, 2014), and create a
safer and more efficient prescription retrieval (Martin et al., 2000). Besides, automated
dispenser introduction lowers the overall cost of healthcare services required for patient

care (Nabelsi & Gagnon, 2017).

The development of automated dispensers becomes more compact and simplified
throughout the years due to the advancement of technologies. As an example, the biggest
difference between the automated dispenser developed in the early 1990s and the more

recent dispenser is the size. The dispenser reported by Ishizuka et al. (1991) as shown in
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Figure 2.3 (a) is bigger and bulkier compared to the more recent dispenser discussed by
Ahadani et al. (2012) and Penna et al. (2017) as shown in Figure 2.3 (b) and (c)

respectively.

(c)

Figure 2.3 ADMs developed by (a) Ishizuka et al. (1991), (b) Ahadani et al.
(2012) and (c) Penna et al. (2017)

A low-cost moveable hands-free robotic medicine dispenser that can store up to four
different types of pills was developed as shown in Figure 2.3 (b) (Ahadani et al., 2012).
The dispenser prototype was developed by using cheap and easy-to-acquire materials.
The usage of a simple pulley and belting system ensured a hands-free dispensing process.
The inner cell was made from disposable material to ensure the device's hygiene. The
addition of wheels allows the device to be moved easily. However, a limited number of

pills can be stored at one time due to the size of the storage to maintain its low-cost aspect.

26



Figure 2.4 Pill dispenser with circular container (Farcas et al., 2015)

Another automated dispenser that can dispense medicine into a smaller compartment
at a specified time based on the doctor’s prescriptions was developed as shown in Figure
2.4 (Farcas et al., 2015). Then, the user will be notified by a beep sound. The dispenser
was designed with an opening at the top and bottom part of the containers for filling and
dispensing respectively. The usage of the PIC18F458 microcontroller allows the
dispenser to be programmed for four-time periods of dispensing process daily. Thus,
ensuring flexibility to adjust the dispensing time according to a specific patient’s
prescriptions. The design of the dispenser also makes it suitable for hospital and personal

use.

Figure 2.5 Automatic medicine dispensing machine for common sickness (Penna
et al., 2017)
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A dispenser that can provide basic medicine for common sicknesses such as fever and
headache is developed (Penna et al., 2017). The usage of different sensors to check the
heartbeat and temperature of the user allows the dispenser to evaluate the user’s condition
and provide suitable medication. The dispenser was placed in a rural area due to the
limited healthcare access in the area and to remove the need for the patient to go to an

urban area to obtain basic medicine.

To improve the efficiency of the prescription dispensing process, a dispenser dispenses
medicines based on the prescriptions given by the doctor in the form of individual distinct
barcodes (Suganya et al., 2019). The dispenser is integrated with a cloud system to store
the registered patients’ information. Thus, the patient who received the barcode from the
doctor can go to any pharmacy using the database to get their prescriptions. This method

ensures correct prescriptions and reduces the risk of wrong medicine and dosage.

There is also a simple and easy-to-handle dispenser that consists of multiple slots to
store different types of pills (Ramkumar et al., 2020). The dispenser receives the
prescriptions from the doctor and stores them in the cloud. After accessing the patient’s

details, the medicines are dispensed, and the record is updated. The simple dispensing

steps make the device suitable for the elderly.

Figure 2.6 Automated medicine dispenser with convolutional neural network
image recognition and 3D printing technology (Tsai et al., 2020)
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A medicine dispenser for personal use is developed which uses convolutional neural
network image recognition to identify the type of pills stored (Tsai et al., 2020). Most of
the parts for the dispenser prototype were fabricated by using the 3D printing technique.
The user can set the medication type and consumption time remotely by using a
smartphone that has been connected to the dispenser. Besides, the dispenser will remind

the user to take the prescriptions set through the smartphone.

The implementation of an automated dispenser is not only to decrease the MEs but to
ensure the adherence rate as it is one of the major problems encountered by healthcare
institutions (Santra, 2015; Sarna et al., 2008). Medicine adherence among the elderly was
a major issue (Mukund & Srinath, 2012). For instance, the elderly with Parkinson’s
disease have an increased risk of them failing to consume the medication at the specified
time which worsens their condition (Palmer, 2020). Moreover, problems such as mobility
problems (Kulkarni et al., 2008), problems in remembering the medication time (Eippert,
2008) and ignorance of medicine consumption instructions have also caused medication
non-adherence. These problems are accountable for approximately 8-11% of hospital
admission for elderly patients (Vik et al., 2004), and 20% of the patients fully forget their
prescribed medications (Elliott, 2006). In general, the non-adherence to prescribed
medication was clinically significant in 55.1% and 69.6% of the patients at the first and
second follow-ups respectively (Pasina et al., 2014). Hence, the implementation of an
automated dispenser will not only guarantee medication adherence, but the medicines
stored by the automated dispenser allowed accurate medication usage, and both tracking

and recording of staff access (Roman et al., 2016).

Research variables are important to ensure the analysis carried out on the study is
aligned with the research objectives. In research done by Srinivasan et al. (2018), the

accuracy of the device is analysed by measuring each dispensing volume from 1ml to S5ml
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in increments of 0.5ml. In their research, a precision medication dispenser is proposed for
pediatric patients. For comparison in accuracy, they also dispensed the liquid medication

with a standard oral syringe supplied with the oral medication (Srinivasan et al., 2018).

In another research, a liquid medication dispensing robot is studied and evaluated by
dispensing 18 different liquid medications in a medicine cups using an automatic in-line
checkweigher (Lagrange & Lagrange, 2023). The accuracy, repeatability and
intermediate precision are analysed based on the data obtained. In another research,
measuring device for liquid dispensing is studied and developed (Shumate et al., 2018).
The performance of the device is studied by running a pilot test where the results from
the device are compared with traditional method of quality control in which the operator

manually carried out the weighing process.

2.2 Methadone Maintenance Treatment (MMT) Program

Drug addiction has been viewed as a chronic disease that needs long-term treatment,
therapy and support (Chen et al., 2017). Opioids continue to be responsible for the largest
burden of disease related to drug use (UNODC World Drug Report 2021, 2021). MMT
has been used to treat opioid addiction in many countries since the 1950s (‘Methadone
Maintenance Treatment’, 2009). Methadone is a long-acting synthetic opioid that is
initially developed for pain control and is now primarily used for the therapy of opioid
addiction (Corkery et al., 2004). The MMT program aims to reduce addiction and craving
for opioids among the person who inject drugs (PWID) (Hoadley & Ananthan, 2013).
The opioid-dependent patient consumes a dose of methadone syrup orally which leads to

a reduction of cravings for opioids and withdrawal symptoms.

Although methadone is addictive like other opioids, being on methadone is not the
same as being dependent on illegal opioids such as heroin. This is because it is safer for

the patient to consume methadone under medical supervision than it is to take heroin of
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unknown concentration. Besides, methadone is taken orally, unlike heroin which is often
injected and can lead to HIV transmission if needles are shared. MMT also reduces the
number of deaths from a drug overdose in prisons (Hedrich et al., 2012), which is the
leading direct cause of death over a fortnight following the release from prison (Merrall
etal., 2010). Besides, the MMT program improves the quality of life and reduces criminal

behaviour and mortality rate (Frimpong et al., 2017).

In the year 2005, Malaysia initiated the MMT program as Malaysia was in the throes
of one of Southeast Asia’s most explosive epidemics of HIV infection (Wickersham et
al., 2013). The epidemic was largely concentrated among PWID, especially opioids, who
consist of more than 1.3% of the population ranging from 15-64 years. Wickersham et al.
(2013) also reported that half of the new HIV infections among PWID in Malaysia are
related to opioids. Since the implementation of the MMT in Malaysia, the frequency of
HIV infection among drug users has been reduced from 74.7% in the year 2000 to
approximately 5% by the year 2019 (GLOBAL AIDS MONITORING 2020: Malaysia

HIV/AIDS Progress Report, 2020).

Other than Malaysia, countries including China and Vietnam have also been
implementing MMT programs to overcome opioid dependence. Other nations including
Canada, Australia and the United Kingdom have introduced and conducted the MMT
program where the PWID are allowed to receive therapy and prescriptions from
community treatment centres (Kleinman, 2020). China has expanded the MMT program
rapidly (Yin et al., 2010) after the initial accomplishment of small-scale pilot MMT
programs implemented in the year 2004 (Pang et al., 2007). Wuhan, which is a sprawling
and populated city in main China with a population of approximately 10 million has 20
clinics offering MMT services with a cumulative enrolment of over 16,000 patients from

the year 2006 to the year 2010 (Marienfeld et al., 2015).
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In the MMT program, the first dosage of methadone syrup prescribed to the patient is
low which is normally ranging from 10-30mg (‘Methadone Maintenance Treatment’,
2009). Then, the amount of the methadone syrup dosage will be progressively increased
until the maintenance dose is achieved. The maintenance dosage is the volume of
methadone syrup prescription that the patient needs to control the addiction and inhibit
opioid withdrawal symptoms but does not cause euphoria. Thus, the clinical practice
provides individualized treatment as the methadone dose is regularly customized based
on the patient’s particular conditions. The summary of determining the optimal MMT
dose for each patient is shown in Figure 2.7. Since the year 2016, Malaysia has allowed
the assigned doctors to prescribe take-home doses for patients under certain
circumstances for up to six days. The patients are only eligible for the take-home doses
after they have been stable for at least six weeks in the MMT program (Pendispensan
Rawatan Terapi Gantian Methadone, 2017). Besides, evaluations of the patient’s

conditions need to be made to ensure that they are eligible for take-home doses.

Figure 2.7 MMT dosing flowchart (‘Methadone Maintenance Treatment’, 2009)
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Even though the effective dosage of methadone syrup differs for each patient, the
common dosage recommended by the clinical standards ranges between 60-100mg/day
(Torrens et al., 2015). Research has shown that patients taking methadone doses greater
than 60mg daily were less likely to be involved with other opioids and reduce their
dependency (‘Methadone Maintenance Treatment’, 2009). Besides, it is found that the
common dosage of methadone prescribed in pharmacies is between 60-80mg (D’ Aunno
etal.,2019). Alternatively, Wickersham et al. (2013) stated that a dose of 80mg or slightly
more had better treatment retention. There is also research that reported average doses
ranging from 80 to 100mg/day to have higher rates of patient retention in therapy (Kleber,
2008). There are different opinions from the literature review due to the methadone
dosage being determined specifically for each patient as a result of the differences in

preferences, individual, circumstances and metabolism (D’ Aunno et al., 2019).

221 Manual Dispensing Technique for MMT Program

Patients in MMT program must receive their dose daily. The methadone dosing
prescribed to the patient is strictly managed to minimize diversion which refers to patients
giving or selling their methadone syrup to others (‘Methadone Maintenance Treatment’,
2009). Thus, a well-managed program can reduce the risk of diversion through the
introduction of clear dosing procedures. The dosing process should be conducted by
nurses or other health professionals under the supervision of nurses. After patient
identification and assessment by the nurse, the same nurse must be in charge of the dosing

process.

2.2.2 Automated Methadone Dispenser for MMT Program
Most tablets and syrup prescriptions dispensed by pharmacists are done by using a

spatula, simple tray, beaker and syringe (Amran et al., 2019). This manual dispensing
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method is also used for dispensing methadone syrup for the MMT program. Syringes are
used to measure the required dose before it is prescribed to the patient. Nowadays, an
increase in patients in the MMT program has caused a higher workload for the pharmacist.
The dramatic surge in addiction has led to treatment needs that exceed the current
methadone treatment system (B. A. Moore et al., 2013). This has reduced the efficiency
of the methadone syrup dispensing process and increased the risk of errors in dispensing
process. Thus, therapeutic interventions must be introduced to improve the current
manual dispensing technique which is susceptible to human error. The introduction and
implementation of an automated methadone dispenser is an innovative approach that
improves the efficiency and workflow of the pharmacist (Amran et al., 2019). Besides, it
reduces the risk of the occupational hazard of musculoskeletal disorders such as carpal

tunnel syndrome among pharmacists and minimizes the risk of dispensing errors.

Another automated methadone dispenser prototype has been developed that allows the
user to set the dispensing time (Amran et al., 2019). The performance of the prototype
was evaluated by dispensing a fixed amount of methadone syrup for several runs. 104mg
of methadone which is the standard methadone syrup dosage frequently used in clinical
routine was dispensed and repeated for 100 runs. The novelty introduced by the prototype
is the ability to control the dispensing time by allowing the user to set the dispensing time
during data input. Based on the dispensing time set, the device will configure the flow

rate to achieve the required volume during the allocated time.
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Figure 2.8 Automated methadone dispenser (Amran et al., 2019)
Although the machine can dispense automatically, it can only dispense one bottle in
one run. Thus, an improvement can be done by developing an automated methadone
dispenser equipped with seven outlets suitable for patients who are eligible for take-home

doses to save time while improving the efficiency of the MMT program.

2.3 Summary & Research Gap

Based on the literature review, many automated dispensers have been developed and
implemented in the medical field. The objectives are to improve the workflow of the
healthcare professional, improve the efficiency of the prescription dispensing process and
reduce the risk of dispensing errors. However, the majority of the dispensers were
developed to dispense solid-type medicine such as pills and tablets. Less liquid-type
automated dispensers are being reported. From the review, there is only one research
found related to the automated dispenser for the MMT program. Furthermore, the
dispensers are only equipped with a single dispensing system with one inlet and outlet,
making the dispensing process for several prescriptions needed to be done repeatedly
which is less efficient, takes more time and has the risk of dispensing errors. Thus, to
improve the overall efficiency of the MMT program and reduce the risk of error, an

automated methadone dispenser equipped with peristaltic pumps and load cell sensors as
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dispensing mechanism is proposed. Based on the literature review, the performance of
the proposed solution is studied and analysed by dispensing a range of volume in
increments and compared with the current method which is by using syringe and beaker.
Besides, the device is also evaluated by the performance to dispense different types of

liquid.
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CHAPTER 3: RESEARCH METHODOLOGY

3.1 Introduction

The current research aims to study and develop an automated methadone dispenser
equipped with seven peristaltic pumps and load cell sensors that will assist and enhance
the methadone dispensing process in MMT program, and evaluate and analyse the
performance of the developed automated methadone dispenser compared to the manual
dispensing method in terms of accuracy and repeatability of the volume dispensed, and
dispensing time. Based on the current guidelines by Ministry of Health, Malaysia, up to
6 take home doses with approval of methadone treatment team are allowed to be prescribe
to the patients (Yuswan & Dazali, 2016). Thus, seven prescriptions are required to be

dispensed simultaneously.

The flow of the research for this project can be simplified as shown in Figure 3.1. The
flowchart can be further divided into several main tasks as shown in Appendix A. The
research started by conducting literature reviews to study the previous research and
identify the research gap in the field. Based on the literature review and research gap, the
objectives and concepts for the automated dispenser are made. Component selection and
dispenser fabrication will be carried out once the model made is finalized. The
performance evaluation of the methadone dispenser is conducted after the testing and

calibration process to allow data tabulation and discussion to be made.

37



Conduct literature review related to dispensing machine
and methadone maintenance treatement (MMT)

v

Methadone dispenser concept generation and modelling
by using Solidworks: Concept Finalization

v

Component selection and methadone dispenser
fabrication

v

Methadone dispenser testing and calibration [

v

Performance analysis of methadone dispenser to
evaluate the accuracy, repeatability, dispensing time and
efficiency

Is the
performance
acceptable?

Data tabulation and discussions; Draw Yes
conclusions and plan for future works

Figure 3.1 Simplified Research Flowchart

Recalibrate the
methadone dispenser

3.2 Methadone Dispenser Design

A model made by using CAD software allows an analysis to be carried out to evaluate
the viability and machinability of the design. Figure 3.2 shows the detailed flowchart of
the concept generation and modelling by using Solidworks. The models of each
component for the methadone dispenser are designed and assembled to ensure that there
is no interference and that the clearance is acceptable. The models are revised if there is
interference present. Once the design for each component has been finalized, the

component selection process is carried out.
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Conduct literature review related to dispensing machine
and methadone maintenance treatement (MMT)

Methadone dispenser concept generation and |
modelling by using Solidworks B

Mo

Is the model
acceptable?

Y

Redesign the model

___________________________________________________________________________________

Component selection for the methadone
dispenser fabrication

Figure 3.2 Detailed flowchart of methadone dispenser concept generation and
modelling by using Solidworks

The modelling of the automated methadone dispenser is carried out by using
Solidworks software to visualize the concept. The model for the main housing of the
automated methadone dispenser is shown in Figure 3.3. In the figure, the housing of the
methadone dispenser comprises several parts such as the main housing, back cover,
storage cover, pump cover and bottom cover. The model made allows the components
needed to be identified and ensures that the machine can be fabricated. The multiview
and isometric view of the assembly, main housing, back cover, storage cover, pump cover
and bottom cover are shown in Appendix B, Appendix C, Appendix D, Appendix E,
Appendix F, and Appendix G respectively. The drawing includes the general dimensions

of the assembly and parts in mm.
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Storage Cover

Main Housing

Pump Cover

Power Button Hole

| Power RGB Indicator

| Hole for Peristaltic Pump

Nozzle Holder

‘ Acrylic Divider Holder }7

‘ Hole for Load Cell Sensor

‘ Hole for RGB Module

Figure 3.3 Model of the main housing of the automated methadone dispenser
Figure 3.4 shows the bottle base CAD design which is connected to the load cell sensor
and used to hold the prescription bottle during the dispensing process. The bottle base is
designed according to the prescription bottles that are commonly used by pharmacists to
prescribe methadone syrup to patients. Two holes are made to allow it to be connected to

the load cell sensor by using screws and nuts.

Figure 3.4 Bottle base CAD design
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33 Methadone Dispenser Development

After the methadone dispenser design is made, component selection and fabrication
are carried out. Figure 3.5 shows the detailed flowchart of component selection and
machine fabrication. Components selected for the dispenser fabrication can be divided
into three parts which are mechanical, electrical, and software and programming. Custom
parts such as the dispenser housing and bottle base are designed by using Solidworks.
The dispenser is then fabricated, prepared, and calibrated to proceed with the performance

analysis to evaluate the functionality of the device.

Methadone dispenser concept generation and
madelling by using Solidworks

Custom Parts
v

i « Dispenser
Componen_t selection fo(thg methadone | 3 Mechanical Parts || pe
dispenser fabrication Housing
« Bottle Bases
J l + RGB Cover |
Y .
Electrical Parts
Software and Standard Parts
Programming Parts = Peristaltic pumps . Hinges
) = Load cell sensors . Fasteners
«  Algorithm for » RGB modules Tube &
the dispenser . i .
P Amulno boards & Connectors
Drivers

!

» Methadone dispenser fabrication

i —

Methadone dispenser testing and calibration

Figure 3.5 Detailed flowchart of component selection and machine fabrication
3.3.1 Mechanical Parts
Mechanical parts of the dispenser consist of the fabrication of the housing such as base,
tank casing, top cover and control box which allow additional components such as pumps
and sensors to be attached. Seven Grothen GAB26 peristaltic pumps are placed at the
outlets as the dispensing mechanism. The pumps are used to dispense methadone syrup
at each outlet according to the required volume. The motion of the pumps is controlled

by the microcontroller based on the data received by the load cell at each outlet.
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Initially, a diaphragm pump and peristaltic pump are considered for the dispenser.
Diaphragm pumps and peristaltic pumps are types of positive displacement pumps in
which a fixed volume of liquid is forced from the suction or inlet to the discharge chamber
or outlet by trapping the liquid into a case (Longo et al., 2017). These types of pumps are
considered because the liquid is separated from the energy-imposing parts, unlike other
pumps such as dynamic pumps which have direct contact between the liquid and actuation
parts such as impellers for the pumping mechanism that might cause contamination. Since
the dispenser is used to dispense methadone syrup which is a controlled drug to be
consumed, the methadone syrup is ensured to be only making contact with the tube which
is food grade. However, the peristaltic pump is chosen as it is more suitable to be used to
dispense methadone syrup which is a thick liquid (Korey, 2019). Besides, a peristaltic
pump is easier to be used and maintained compared to a diaphragm pump. Furthermore,
the peristaltic pump is reversible which suits the function of the dispenser. Peristaltic
pumps also allow a high level of sterility as the liquid is only in contact with the flexible

tube (Longo et al., 2017).

Connecting the peristaltic pumps to the methadone storage tank and nozzles is 6mm
OD food grade silicone tube. Since the length of the tubes differs from each nozzle, the
branch length is shown in Table 3.1. The pressure drop for each nozzle can be calculated

by using the Hagen—Poiseuille equation as shown in Equation (1)

Table 3.1 Nozzle tube length

Nozzle 1 2 3 4 5 6 7
(Left to Right)
Length (m) 0.33 0.25 0.20 0.15 0.20 0.25 0.33
8uLQ .
Ap = R4 Equation (1)

42



where Ap = Pressure difference between two ends

U = Dynamic viscosity

L = Length of pipe

Q = Volumetric flow rate
R = Radius

Based on the pump specifications, the motor rotates 180rpm and the flow rate produced
by the pump is 3.762% 10~7m3/s. The dynamic viscosity of the sugar solution prepared
is 36.680 mPa.s. Thus, the pressure difference for each nozzle is shown in Table 3.2. The
slight difference in the pressure drop might cause slight inconsistency of the dispensing
process. However, the dispensing process is still managed to be completed with small

deviations and importantly faster than the manual technique.

Table 3.2 Temperature difference for each nozzle

Nozzle

(Left to Right) : 2 3 4 > 6 /
Length (m) 033 | 025 | 020 | 015 | 020 | 025 | 033
Pressure 45296 | 34315 | 27.452 | 20.589 | 27.452 | 34.315 | 45.296
Difference (Pa)

3.3.2 Electrical Parts

QL-56 load cell sensors were used to control the volume of methadone syrup dispensed
by measuring the weight of the methadone dispensed. All the components including
peristaltic pumps and load cells were connected to an electrical source and
microcontroller to be configured. Thus, the peristaltic pumps will not only dispense the
methadone syrup but will also control the amount based on the readings obtained by the

load cell sensors and input from the user. When the amount returned by the load cells is
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equal to the amount inserted by the user, the microcontroller will send a signal to the

respective pumps to stop the dispensing process.

The load cell sensor located below the customized bottle base is able to measure the
amount of methadone syrup that has been dispensed. Based on the amount of methadone
syrup needed that is specified by the user in millilitres, the dispenser calculates and
determines the mass required based on the liquid properties which are the concentration
and density of the methadone. The calibration process of the load cell sensors is carried
out by placing a known and predetermined load onto the load cell sensors in order to
check the reading of the mass that the sensors measured. The accuracy and sensitivity of
the load cell sensors are configured based on the calibration factor implemented in the
algorithm of the methadone dispenser. The calibration and maintenance process of the
automated methadone dispenser can be carried out monthly or twice a year based on the

requirements.

333 Programming or Software Parts

The programming part of the machine includes the algorithm made to enable the
functionality of the dispenser based on the input inserted such as the volume of methadone
syrup prescription and the number of prescriptions bottles required. The program is
developed based on the general operational flow of the automated methadone dispensing

process as shown in Figure 3.6.
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Figure 3.6 General operational flow of the automated methadone dispensing
process

The methadone dispenser process begins with the initialization of all parts and
components including load cell sensors, motor drivers, RGB module and peristaltic
pumps. The parameters of the liquid that will be used during the dispensing process which
are liquid density and concentration are also declared. The dispenser then initiates the
dispensing mode and set the parameter for total methadone dispensed that functions as
the counter for the number of methadone syrup dispensed to zero. Then, the user who is
the healthcare professional or pharmacist can insert the amount of methadone syrup
needed that is based on the prescriptions of the patient and the number of prescription
bottles required by the patient manually to the methadone dispenser. The details such as
the methadone syrup amount and the number of bottles are based on the specific patient’s

prescription records given by the assigned doctor before receiving the prescriptions.
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The methadone dispensing process starts by activating peristaltic pumps based on the
number of prescription bottles required by the user. The LED that acts as an indicator at
each outlet located below the outlet will be powered on once the process at that specific
outlet is completed. Once the methadone has been dispensed completely at all respective
outlets, the methadone dispenser enters standby mode to allow the user to choose either
to continue with the next patient or return to the main menu. Since the methadone
dispenser is configured so that one dispensing process is for a specific patient, the amount
of methadone syrup dispensed by all outlets is identical in a single dispensing cycle which
is based on the amount inserted by the pharmacist prior to the dispensing process. This
feature to dispense seven equal amounts of methadone syrup suits patients who are
already stable and eligible to take up to six take-home prescriptions based on the doctor’s

decision.

Next, a program which is a regular user interface and acts as a command window in a
device such as a computer or a laptop is developed for user ease. The user interface of the
methadone dispenser which allows the user to control the dispenser is shown in Figure
3.7. The interface enables the pharmacist to link with the dispenser to carry out either of
the three functions which are Dispense, Flush or Withdraw. To dispense the methadone
syrup, the user needs to insert the number of prescription bottles and the quantity of
methadone required in either mg or ml. The withdraw function which can be done after
the dispensing process is complete will activate the pump at the maximum speed in the
opposite direction to suck and send back the methadone syrup left along the tube into the
storage tank. This function will avoid the methadone syrup that remained in the tube from
being wasted. After the dispensing process is done, the tube can be cleaned by using the
flush function. After switching the tank and placing the inlet into distilled water, the

flushing process will activate all peristaltic pumps in dispensing direction to dispense the
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distilled water to all outlets at high speed. The withdraw and flush process will be carried

out based on the time specified by the user.

o5 Dispenser Demo

Dispense Connection
Bottes:

z = Pot: COM77 v ot
Quantity: 20 mg N

z : Baud: 9600 v
Mass: 20 gram

Refresh
Dispense

Place empty bottles!

Withdraw Liquid Characteristic
Durations: :40 ‘A seconds mg/ml: ? ;_ mg/mi
Withdraw Mass Concentration: (1158 | g/
Flush
Durations: :40 ' seconds
Flush

Figure 3.7 User interface for methadone dispenser
Before the dispensing process, the user must declare the liquid characteristics such as
the mass concentration (g/1) or density of the liquid and concentration (mg/ml) to suit the
methadone batch used. Once the preliminary analysis on the microcontroller is carried
out, the baud rate is fixed at 9,600 to can ensure that all the electrical components

connected to the microcontroller can function accordingly and properly.

34 Performance Evaluation of Methadone Dispenser

Once the methadone dispenser testing and calibration are done, performance analysis
can be carried out. Figure 3.8 shows the detailed flowchart of the methadone dispenser
performance analysis. The performance analysis started with the preparation of the liquid
to be used for the performance evaluation. A sugar solution with approximate viscosity
as the methadone syrup is prepared to replace the methadone syrup if it cannot be used

for the performance evaluation. Then, performance analysis is carried out by dispensing
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a specific amount of liquid for a number of runs by using the methadone dispenser and
manual technique. The volume and dispensing time for both methods are recorded to be
evaluated based on the accuracy, repeatability and dispensing time. The data obtained
from the manual technique is provided by the healthcare practitioners from the treatment
centre to ensure its accuracy. The methadone dispenser is also tested with different liquids
to evaluate its efficiency. Once the data obtained is acceptable, data tabulation and

discussion are carried out.

Methadone dispenser testing and
calibration

|
¥

Performance analysis
preparation

Substitute methadone syrup with sugar solution
with approximately the same viscosity

Performance Analysis

« Dispense a specific amount of
methadone syrup or sugar solution for a
number of runs by using methadone
dispenser and manual technigue

» The volume and dispensing time are
recorded

» Test the methadone dispenser with
distilled water, sugar solution and
methadone syrup for efficiency test

‘ | l v

Repeatability Efficiency

Dispensing Time |Accuracy (Percentage Error)

« The time taken to
dispense specified
volume for each run

« Percentage difference
between the
dispensed volume
and specified volume

« The consistency of
the volume dispensed
for several runs
based on the
standard deviation

« Dispense three
different liquids using
the methadone
dispenser for several
volume and record

the time taken

|
v

Recalbrate the methadone |, "° peﬁ';m:nce %5 | Data tabulation and discussions; Draw e
dispenser acceptable? conclusions and plan for future works

Figure 3.8 Detailed flowchart of methadone dispenser performance analysis
The automated methadone dispenser performance is evaluated and analysed based on
several tests to ensure its functionality before it is applied in the local MMT centre. Tests
that are done for product testing include accuracy and repeatability analysis. The
efficiency analysis of the automated methadone dispenser is studied by using three types

of solutions with different liquid properties such as viscosities and densities. The liquids
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used are methadone syrup, sugar solution and distilled water. Product testing was done to
evaluate the dispensing process of the methadone syrup. The prescribed methadone
conversion used is Smg/ml which Iml of methadone syrup contains Smg of methadone.
Based on the literature review, the amount of methadone dose used for the product test is
16ml (80mg) for 100 runs which is the common methadone dose administered daily

(Petro et al., 2009).

34.1 Methadone Substitution Using Sugar Solution

Since methadone is a controlled drug and can only be handled and used by authorized
medical professionals, the performance testing is substituted with a sugar solution that
has approximate properties such as viscosity and density. This is because sugar solution
contains carbohydrates as adjuvants with sucrose formula which is a viscosity enhancer
(Jungen et al., 2013). Although Jungen et al. (2013) prepared a sucrose solution of Img/ml
by dissolving 10mg of sucrose into 10ml of distilled water, a range of 1.2-1.4mg/ml is
commonly used in pharmaceutical practices (Amran et al., 2019). Thus, to replace
methadone syrup with a viscosity of 37.286mPa.s, a sugar solution with a concentration
of 36.680mPa.s is used by dissolving 66.6mg of Bendosen sucrose in every 50ml of
distilled water. The mixture was let to rest on the hot plate at 90°C as shown in Figure 3.9

to ensure the sucrose perfectly mixed with the distilled water.

49



Figure 3.9 Sugar solution on the hot plate at 90°C
Once the sugar solution is ready, SVM 3000 Starbinger viscometer was used to
measure the dynamic viscosity. The dynamic viscosity of the sugar solution is taken
several times at different temperatures to be compared with methadone syrup based on

the literature review. Figure 3.10 shows the viscometer used to measure the viscosity of

the sugar solution made.

Figure 3.10 SVM 3000 Starbinger viscometer used to measure the viscosity of
sugar solution
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34.2 Accuracy and Repeatability Analysis

The accuracy of the methadone dispenser is studied and analysed by dispensing sugar
solution ranging from 2-50ml in increments of 2ml. Then, the data obtained is compared
with the current method which is by using syringe and beaker. The results are also
analysed by using the Pearson analysis to fully understand the relationship between the
variables studied. The Pearson correlation coefficient represents the relationship between
two variables, measured on the same interval and ratio scale. It measures the strength of
the relationship between the two continuous variables. The Pearson coefficients are

calculated by using the Equation (2) as shown below.

nExy)-Ex)Xy)

r = Equation (2
s 2-G 02y 22—~ y)?] quation (2)
where r = Pearson Coefficient
n = numbers of pairs of the data

Y. xy = sum of products of the paired data

>x  =sum ofdatax

Yy =sum ofdatay

Y x? =sum of squared data x

Y y? =sum of squared data y

The accuracy of dispensing process was evaluated based on the percentage of error
while the precision of the machine will be evaluated based on the repeatability of the
dispensing process. Repeatability describes the proportion of the total distribution that is

reproducible among the repeated measurements of the same subject or group within short

51



time intervals (Nakagawa & Schielzeth, 2010). Error percentage and repeatability were

calculated based on Equation (3) and (4) respectively.

% Error = [(Theoretical — Experimental)/Theoretical] X 100%  Equation (3)

Repeatability, o, = \/ Y, —X)?/(n—1) Equation (4)
where X = mean volume dispensed,
Xy, = volume dispensed at n'" run,
Y (x, —x)? =sum of squares of the difference between x,, and %,
n = number of runs

The data for the accuracy and repeatability analysis is obtained by dispensing 16ml of
sugar solution by using the methadone dispenser and manual technique for 100 runs. The
sugar solution dispensed by the manual technique is carried out by one of the healthcare
professionals to ensure that the data collected is not biased. The sugar solution dispensing
process using the methadone dispenser is carried out by dispensing seven bottles
simultaneously as shown in Figure 3.11. Then, the accuracy and repeatability of the two
methods are compared and discussed. In this analysis, the research variables studied is
the usage of different dispensing mechanisms which are syringe and beaker with
peristaltic pump and load cell sensors and their effect on the volume of sugar solution

dispensed as well as the time taken to dispense the sugar solution for a set volume.
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Figure 3.11 Methadone dispenser sugar dispensing setup

343 Efficiency Analysis

The analysis of the efficiency of the automated methadone dispenser is carried out by
dispensing three types of solutions with distinct liquid properties such as viscosities and

densities. Three solutions that were used to evaluate the methadone dispenser are plain

water, sucrose solution, and methadone syrup. In order to determine and verify the

dynamic viscosity of each solution accurately, SVM 3000 Stabinger viscometer is used.

Table 3.3 shows the properties which are concentration, dynamic viscosity, kinematic

viscosity and density of methadone syrup, sugar solution and plain water.

Table 3.3 Methadone, sugar and water properties

Temperature [°C] 25

Solution Methadone Sugar Water
Concentration S5mg/ml 66.6g/50ml 1000mg/ml
Dynamic Viscosity, n [mPa.s] 37.286 36.680 0.889
Kinematic Viscosity, v [mm?/s] 33.060 31.288 0.8926
Density, p [g/mm?] 1.158 1.277 0.997
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The evaluation process for the efficiency of the automated methadone dispenser began
by dispensing water using the automated methadone dispenser. Initially, 2ml of plain
water is dispensed and it is repeated with 2ml increments until the cumulative volume of
water that has been dispensed is 50ml. The time taken for the methadone dispenser to
dispense the water for each 2ml increment is recorded. Next, the experiment and
evaluation process is repeated for the remaining solutions which are sugar solution and
methadone syrup. In this analysis, the research variable is the volumes dispensed by using
syringe and beaker for manual technique as well as peristaltic pumps and load cell sensors
for methadone dispenser. Volume dispensed and time taken for the dispensing process by
both methods are recorded for different volumes dispensed ranging from 2ml to 50ml

with 2 ml increment.
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CHAPTER 4: RESULTS & DISCUSSIONS

4.1 Automated Methadone Dispenser

The isometric, side and rear views of the automated methadone dispenser are shown
in Figure 4.1. Random dispensing processes were carried out and the methadone
dispenser dispense the liquid accordingly. In addition, performance testing of the
methadone dispenser was done to ensure its functionality and analyse the results. The
automated methadone dispenser is designed and fabricated to fit the standard 1-litre
methadone bottle container that is commonly used in health clinics and hospitals such as
Adecure Syrup (Adecure Syrup, 2015). The seven custom-made bottle bases are designed
and produced to fit the standard methadone prescription bottle that can be filled between

10-120ml.

Top Cover
On/Off

Peristaltic Pump

Methadone Syrup

User Interface &
PC Control Panel

Dispensing Slot

Custom-made

Bottle Based
Methadone (& . I -
Storage Tank Rl _ |
Portable Eﬂf Processor
Handle 0 USB Port
Housing - —‘—i Power Port

Figure 4.1 Isometric, side, and rear view of the automated methadone dispenser
The methadone dispenser as shown in Figure 4.1 uses peristaltic pumps as the
dispensing mechanism. The peristaltic pumps used in the current research are also more
compact and smaller than the diaphragm pump used in the previous research. The
maintenance of the peristaltic pump is also easier as the tube is accessible and can be

changed. Meanwhile, the maintenance of the diaphragm pump is more complicated as the
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pump needs to be disassembled to inspect the diaphragm. Besides, one study has found
that a peristaltic pump allows a more regular flow and reduced level of noise and
vibration, particularly at low and medium flow rates compared to a diaphragm pump

(Longo et al., 2017).

The laptop interface as shown in Figure 3.7 allows the user to set the amount of liquid
required and the dispenser will check the volume dispensed continuously by using the
load cell sensors to ensure that it is accurate. Besides, the introduction of seven outlets
allows the dispenser to dispense up to seven equal prescriptions simultaneously rather
than dispensing the prescriptions one at a time using the device developed by Amran et
al. (2019). Thus, the methadone dispenser is seven times faster as seven prescriptions can

be dispensed simultaneously.

Another added feature of the newly developed dispenser is the liquid properties review
and configuration. The user is able to check the current concentration and density of the
liquid to ensure that it is the same as the storage. When the user inserted the required
volume in ml, the algorithm will calculate the mass of prescriptions required based on the
liquid properties as the dispenser is using load cell sensors. Besides, the newly developed
methadone dispenser offers 3 options for the dispensing units which are gram(g),

milligram(mg) and millilitre(ml) in case they are needed.

The dispenser is also equipped with a withdraw function where it will activate all the
pumps in opposite direction to force all the remaining liquid along the tube into the
storage. This will empty the tube and ensure that there is no wastage while reducing the
risk of contamination. The user is only required to insert the duration of the withdrawal

process as shown in the user interface in Figure 3.7.
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Same to the withdraw function, the flush function requires the user to insert the
duration only. The flush function is used when the user wants to clean the tube to remove
any contamination. Before activating the flush function, the user is required to insert the
inlet tube into cleaning liquid or distilled water. The flush tray needs to be inserted before
the flushing process to ensure that the process can be carried out since there is an IR
sensor that detects the tray to proceed with the flush function. Then all pumps will be
activated at high speed to dispense the liquid through all outlets into the flush tray

according to the duration set.

4.2 Methadone Substitution Using Sugar Solution

Methadone substitution using a sugar solution is carried out because methadone syrup
is a controlled drug and cannot be obtained and used freely. The solution is prepared by
dissolving 66.6mg of sucrose into 50ml of distilled water according to the literature
review (Amran et al., 2019). Sucrose is also used to increase the viscosity during liquid
methadone preparation while lactose is needed in pressing tablets (Jungen et al., 2013).
Table 4.1 shows the dynamic viscosity of the sugar solution at different temperatures
tested by using the SVM 3000 Stabinger Viscometer. The viscosity of the sugar solution
is tested several times at four different temperatures and the best three were selected to
obtain the average. This is because some of the data obtained fluctuated, which affects
the accuracy. Thus, to ensure the consistency and accuracy of the data, three sets of

readings with similar reduction patterns were selected.

Table 4.1 Dynamic viscosity of sugar solution at different temperatures

Temperature Dynamic Viscosity,  [mPa.s]|
[°C] Reading 1 | Reading2 | Reading3 | Average
20 44.561 45.162 43.098 44.274
22 40.721 41.048 39.203 40.324
25 39.973 36.938 33.129 36.680
37 21.971 19.666 19.650 20.429
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Based on the viscosity obtained, the viscosities of the sugar solution were compared
with the viscosities of methadone syrup at the same temperature as reported by Amran et
al. (2019). Table 4.2 shows the viscosities of the sugar solution and methadone syrup at
different temperatures. Since the experiment is conducted at room temperature which is
approximately 25°C, the viscosities of both solutions at 25°C are compared, and it is
found that the percentage of difference is 1.625% which is acceptable. The sugar solution
then is used for methadone dispenser performance evaluation. The slight difference is due
to the sucrose to water ratio which produces the smallest difference as the viscosity values

are mili-Pascal.second (mPa.s).

Table 4.2 Dynamic viscosity of methadone syrup and sugar solution at different

temperatures
Temperature Dynamic Viscosity, 1 [mPa.s] .
[°C] Methadone Sugar Solution
Smg/ml 66.6mg/50ml
20 44.733 44.274
22 41451 40.324
25 37.286 36.680
37 29.211 20.429

Another study has also prepared a sugar solution by dissolving 10mg of sucrose in
10ml of distilled water (Jungen et al., 2013). The study does not include the viscosity of
the solution prepared since they are evaluating the sugar amount when digested instead
of testing the solution. However, the concentration that they used is still in the range
generally used in pharmaceutical practices (Amran et al., 2019). Thus, the sugar solution
prepared is suitable to be used in the testing and performance analysis as methadone

substitution.

58



4.3 Performance Evaluation
4.3.1 Accuracy and Repeatability Analysis

The automated methadone dispenser was evaluated by dispensing the sugar solution
with an increment of 2ml for 25 runs until the cumulative volume that has been dispensed
is 50ml. The volume and time taken for each run were recorded and compared with the
manual method. Figure 4.2 shows the volume dispensed over time by both techniques
where the volume dispensed increases at a different rate as the time increases. For similar
volume and increment, the volume dispensed by the methadone dispenser increased faster
in a shorter dispensing time whereas a longer and more inconsistent liquid dispensing
process is shown by the manual technique. The total time taken to dispense 50.30ml of
liquid is 57s whereas the total time required to dispense 52ml of liquid manually is
349.32s. Based on these values, the methadone dispenser has reduced the %FError from

4% to 0.6% and dispensing time by 83.68%.
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Figure 4.2 Volume dispensed over time for manual technique and methadone
dispenser

Based on the gradient of the trendline for both methods, the average flow rate of the

methadone dispenser and manual technique is 1.21ml/s and 0.2ml/s respectively. This
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shows that the flow rate of the methadone dispenser to dispense a total of 50ml of liquid
is approximately six times faster than the manual technique. The larger margin of error in
the volume dispensed manually compared to the automated methadone dispenser is also
caused by the limited human capability (Amran et al., 2019). Thus, the limited human
capability in the manual technique has led to a longer time taken to dispense and a larger

error margin in the volume compared to the automated methadone dispenser.

Figure 4.3 shows the volume dispensed for 25 runs for manual technique and
methadone dispenser according to the prescribed doses while Figure 4.4 shows the time
taken for the dispensing process for each run by manual technique and methadone
dispenser. A line is drawn for the ninth run in Figure 4.3 and Figure 4.4 to compare and
evaluate the volume dispensed and the time taken by both techniques. Based on the
graphs, the manual technique dispensed 19.8ml in 189.90s, whereas the methadone
dispenser dispensed 18.1ml in 31.67s. By using the formula in Equation 1, the methadone
dispenser shows an improvement of % Error from 10.00% to 0.71% and an improvement
in dispensing time by 83.32%. Based on the average, the % Error is reduced from 8.58%
to 1.50%. This shows that the automated methadone dispenser is able to dispense the

prescribed dose with a lower % Error in a shorter time compared to the manual technique.
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Figure 4.3 Volume dispensed for 25 runs for manual technique and methadone
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Figure 4.4 Time taken for the dispensing process for each run by manual
technique and methadone dispenser

Based on the data obtained for both methadone dispenser and manual technique, the
Pearson analysis is carried out. By using Equation (1), the Pearson coefficient obtained

for methadone dispenser and manual technique is 0.998 and 0.994 respectively. Based on
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the values, it is found that the methadone dispenser has a slightly stronger positive
correlation compared to manual technique. The positive coefficient for both methods

show that the data are directly proportional to each other.

The performance of the automated methadone dispenser was then evaluated based on
repeatability (o;,.) as shown in Equation 2 to determine the effectiveness of the methadone
dispenser (Zhang, 2014). Besides, o, is an important parameter in evaluating the
consistency (Amran et al., 2019). In this research, the g, provides an approximation of
the capability of the methadone dispenser to facilitate repeatability of dispensing

methadone syrup with specific concentrations.

The methadone dispenser is also tested to dispense 16ml of sugar solution which is the
commonly prescribed dose among patients (Petro et al., 2009). The volume dispensed by
each outlet was recorded for 100 runs and compared with the manual technique. The
maximum and minimum volume dispensed for each outlet and methods are tabulated to
calculate the range of % Error. Besides, based on the first 100 data obtained for both the
methadone dispenser and manual technique, the repeatability is calculated based on the

standard deviation.

Table 4.3 shows the percentage error for the manual technique and methadone
dispenser while Table 4.4 shows the repeatability for the manual technique and
methadone dispenser. The tabulated data shows that greater consistency of volume
dispensed by automated methadone dispensers led to smaller % Error and g,- compared
to the manual technique. Besides, the methadone dispenser has a smaller % Error range
and o, compared to the manual technique which is based on the smaller deviation of the
volume dispensed. The volume dispensed by the manual technique for 100 runs ranges
between 15.3 < Volume (ml) < 17.4 with a maximum % Error of 8.75% while the volume

dispensed by the automated methadone dispenser ranged between 15.6 < Volume (ml) <
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16.6 with the maximum % Error of 3.75%. This indicates that the usage of the automated

methadone dispenser has led to a reduction in errors.

Table 4.3 Percentage errors for the manual technique and methadone dispenser

Manual Technique Methadone Dispenser
BS(l)::)ttlse Volume (ml) Error (%) Volume (ml) Error (%)

Min. Max. Min. Max. Min. Max. Min. Max.

1 16.4 17.1 2.50 6.88 15.6 16.5 2.50 3.13

2 15.7 17.0 1.88 6.25 15.7 16.5 1.88 3.13

3 154 17.4 3.75 8.75 15.7 16.6 1.88 3.75

4 15.7 17.3 1.88 8.13 15.8 16.6 1.25 3.75

5 15.6 17.3 2.50 8.13 15.7 16.5 1.88 2.13

6 15.3 17.0 4.38 6.25 15.7 16.6 1.88 3.75

7 15.8 17.0 1.25 6.25 15.7 16.6 1.88 3.75

Range 15.3 < Volume < 1.25 < Error < 15.6 < Volume < 1.25 < Error <
17.4 8.75 16.6 3.75

Table 4.4 Repeatability for the manual technique and the methadone dispenser

Manual Technique Methadone Dispenser
n=100 i i
Volume (ml) Time Taken Volume (ml) Time Taken
() (s)
Mean, X 16.70 165.78 16.06 30.36
Sum of Squares, 7.0584 501.16 2.7036 43.04
L(xp — X)
Repeatability, o,
3 (xp—%)2 0.267 2.250 0.165 0.659
n-1
Based on the average data,
Remarks e The usage of the methadone dispenser has reduced the
dispensing time by 81.69% compared to the manual technique.
e The usage of the methadone dispenser has improved the
accuracy by 4.0% compared to the manual method.

Based on the performance evaluation done, the automated methadone dispenser

managed to improve the accuracy and dispensing time by 4.0% and 81.69% respectively.

The volume dispensed manually ranges between 15.3 < Volume (ml) < 17.4 with error
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ranges between 1.25 < Error (%) < 8.75 while the volume dispensed by the methadone
dispenser ranges between 15.6 < Volume (ml) < 16.6 with error ranges between 1.25 <
Error (%) <3.75. On average, the percentage error is reduced from 8.58% to 1.50%. This
shows that the automated methadone dispenser is able to measure and dispense the
specified dose with a lower % Error and faster dispensing time compared to the manual

technique.

Based on Table 4.4, the repeatability obtained to dispense an average of 16.06ml by
using the methadone dispenser is 0.165 while the repeatability obtained to dispense an
average of 16.70ml of liquid by using the manual technique is 0.267. This shows that the
methadone dispenser is more consistent since it has a smaller deviation from the mean
values with a more accurate average dispensing volume compared to the manual

technique.

Compared to Amran et al.(2019) who tested the dispenser by dispensing 104mg of
liquid, the methadone dispenser was able to dispense liquid with a mean volume of
104.367mg and repeatability of 1.246. Meanwhile, the manual technique which has a
mean value of 108.564 produce a repeatability of 1.266 (Amran et al., 2019). Another
study was carried out in which they tested the prototype that was developed in several
treatment centres (Vahidreza & Manouchehr, 2019). In this study, they have found that
the mean and standard deviation of the error of the device is 0.232 £ 0.055ml with a
relative error of 1.33 + 0.58%. This shows that the device developed has the smallest
sensitivity of 0.177ml. Thus, the usage of methadone dispensers has been proven to be

able to improve the consistency and accuracy of the volume dispensed.

Furthermore, the methadone dispenser produced smaller g, which is associated with
relatively higher repeatability and better precision than the manual technique. A smaller

repeatability value results in a smaller deviation of the data from the mean value.
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Figure 4.5 shows the volume dispensed by manual technique for the first 50 out of 100
runs into seven prescription bottles. The graph shows that most of the volume dispensed
is greater than the prescribed volume which is 16ml which is shown by the dashed line.
The data distribution shows that approximately 95.71% of the volumes dispensed are
between 16.4ml and 17ml. Besides, no volume within 0.1ml of the prescribed volume is
recorded for the manual technique. This shows that the current manual technique is
having difficulties following the necessary accuracy standard which is mainly might be
caused by the human capability limitations and the lack of measuring precision based on

the syringe gradations with a range of error less than 1.0ml (Amran et al., 2019).
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Figure 4.5 Volume dispensed for 50 out of 100 runs for seven prescription
bottles by manual technique

Meanwhile, Figure 4.6 shows the volume dispensed for 50 out of 100 runs for seven
prescription bottles by methadone dispenser. Based on the plots, around 66.0% of the
volumes dispensed are within +0.1ml of the prescribed dose. Besides, all the volumes
that were dispensed are within +1.0ml of the prescribed dose. The results show that the
volume dispensed by the automated methadone dispenser is within the allowable range

and smaller compared to the manual technique (Amran et al., 2019). Thus, the methadone
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dispenser provides more accurate dosing with a smaller range of deviations to the patients

as the result of accurate critical mechanical components application.
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Figure 4.6 Volume dispensed for 50 out of 100 runs for seven prescription
bottles by methadone dispenser

The comparison between the volume dispensed and dispensing time for the manual
technique and methadone dispenser are shown in Figure 4.7 and Figure 4.8 respectively.
A line is plotted on the 50" run of the liquid dispensing process in each graph to compare
the volume dispensed and the time taken to dispense the respective volume. The graphs
show that the automated methadone dispenser dispensed 15.9ml in 31s while the manual
technique dispensed 16.9ml in 163s. The flow rate to dispense the respective volume for
the methadone dispenser and manual technique is approximately 0.513ml/s and 0.104ml/s
respectively. Thus, the findings show that the automated methadone dispenser is not only
able to improve the dispensing accuracy but also dispense faster which leads to reduced

dispensing time.

The shorter time taken by the automated methadone dispenser to dispense methadone

syrup reduces human needs for resources and therefore improves the efficiency of both
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the prescription delivery system and patient care (Noparatayaporn et al., 2017). Thus, the
methadone dispenser is proven to be feasible and reliable for the current clinical practices

of the methadone syrup dispensing process for drug addiction therapy.
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Figure 4.7 Comparison between volume dispensed at 16ml for 100 runs by using
manual technique and methadone dispenser
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Figure 4.8 Comparison between the time taken to dispense 16ml of fluid for 100
runs by using manual technique and methadone dispenser

4.3.2 Efficiency Analysis

Figure 4.9 shows the volume dispensed for different liquids over time by using the
automated methadone dispenser. The graph shows that the volume dispensed ranges
between 2-50ml with an increment of 2ml. For example, the volume of water dispensed
at 30, 40 and 50s is higher than both sugar solution and methadone syrup at the respective
time. The water has a higher flow rate compared to the other two liquids since water has
a lower viscosity than sugar solution and methadone syrup as tabulated in Table 3.3. This
shows that a low-viscosity liquid such as water can flow easier and faster than a high-
viscosity liquid due to less power needed by the pump to dispense the liquid leading to a

higher flow rate.

Meanwhile, the volume of sugar solution and methadone is gradually increasing at an
almost similar rate. The small difference in the volume dispensed for sugar solution and

methadone syrup at any instantaneous time is because of the approximate viscosity
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causing them to experience similar flowability. This shows that high-viscosity solutions
such as methadone syrup and sugar solution require a longer dispensing time compared
to lower-viscosity solutions. This is because as the viscosity increases, the flow rate
decreases when other parameters are maintained (Abd El Naby et al., 2004). Thus, this
proves that the dynamic viscosity is inversely proportional to the volumetric flow rate as

shown in Hagen—Poiseuille equation in Equation (1).
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Figure 4.9 Comparison between the volume of different liquids dispensed over
time by using the methadone dispenser
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CHAPTER 5: CONCLUSIONS & RECOMMENDATIONS

5.1 Conclusions

In this research, an automated methadone dispenser equipped with seven outlets is
developed and tested. The dispenser can dispense the required volume specified in the
program embedded in the laptop. The additional functions which are Withdraw and Flush
can also be carried out by the dispenser. The performance of the methadone dispensers is
studied. Sugar solution has been successfully prepared by dissolving 66.6mg of sucrose
into each 50ml of distilled water as methadone syrup substitution with dynamic viscosity
of 36.680mPa.s and percentage error of 1.625%. The sugar solution is dispensed from 2-
50ml in increments of 2ml by using the methadone dispenser and manual technique.
Based on the Pearson analysis done, it is found that the Pearson coefficient for methadone
dispenser and manual technique is 0.998 and 0.994 respectively. This shows that the
methadone dispenser has stronger positive correlation. The % Error, dispensing time, and
accuracy of the automated methadone dispenser was measured by dispensing 16ml
(80mg) of sugar solution for 100 runs. In summary, the usage of the automated methadone
dispenser reduces the % Error from 8.58% to 1.50% and improves the dispensing time by
81.69%. The automated methadone dispenser also increased the dispensing accuracy by
4.0%. Thus, the findings show that the automated methadone dispenser that has been
developed is highly reliable and feasible, especially in the reduction of errors in
dispensing process which can ensure a safe methadone syrup intake among patients. The
implementation and usage of the automated methadone dispenser in the pharmacy and
treatment centre could help in reducing and improving the health practitioner’s workflow.
Furthermore, the automated methadone dispenser can help pharmacists in dispensing

methadone efficiently in the MMT program.
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5.2 Study Limitations

The main constraint of the study is the availability of methadone syrup to be used in
the performance evaluation. This is because as stated in the methodology section,
methadone syrup is a controlled drug and can only be handled by healthcare professionals
such as pharmacists. Although the methadone syrup has been substituted with sugar
solution with approximate properties such as viscosity, it is still not 100% identical which

might cause slight deviation in the results obtained.

Next, the accuracy and consistency of the data obtained from the manual technique
such as volume dispensed and time taken will highly differ based on the person
conducting the dispensing process. This is because different people have different
capabilities and accuracy in dispensing methadone syrup repeatedly. To ensure the
consistency and accuracy of the data, one healthcare professional who is normally in

charge of dispensing methadone syrup is chosen to dispense the liquid for 100 runs.

Another limitation when conducting the study is the lack of research and development
done on automated methadone dispensers. This is because the innovation can be
considered new as most of the dispensing processes of the MMT program are being done
manually. This limitation prevented more detailed comparisons to be carried out to study
the performance between different methadone dispenser. Besides, there is less emphasis
on improvement and innovation in terms of a medical device for the MMT program. Thus,
there is a lack of research done on the methadone substitution and performance analysis
of methadone dispensers. However, some researches are viable and can be reviewed and

included in this research.

5.3 Future Recommendations
For future research, the database in a web application can be integrated with the

automated methadone dispenser to enhance the whole MMT program and eliminate the
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need for reviewing, tracking and updating records manually. As for the automated
methadone dispenser, a diluting system can be introduced and equipped to improve the
overall prescription performance and efficiency as currently the methadone syrup is being
diluted. The tubing system of the methadone dispenser can also be studied and improved

to ensure that the methadone dispensing process is uniform and consistent at all outlets.

72



CHAPTER 6: REFERENCES

Abd El Naby, A. E. H.,, El Misery, A. E. M., & El Shamy, 1. I. (2004). Effects of an
endoscope and fluid with variable viscosity on peristaltic motion. Applied
Mathematics and Computation, 158(2), 497-511.

https://doi.org/10.1016/j.amc.2003.09.008

Abdel. (2006). National Methadone Maintenance Therapy Guidelines. Ministry of Health

Malaysia.

Adecure Syrup. (2015, November 20). [Official Portal]. National Pharmaceutical
Regulatory = Agency = (NPRA)  Ministry of  Health  Malaysia.
https://www.npra.gov.my/index.php/en/consumer-medication-information-

leaflets-rimup/item/adecure-syrup.html

Ahadani, M. A., De Silva, L. C., Petra, 1., Hameed, M. F. A., & Wong, T. S. (2012). Low
Cost Robotic Medicine Dispenser. Procedia Engineering, 41, 202-2009.

https://doi.org/10.1016/j.proeng.2012.07.163

Aldossary, K. (2016). Implementation and Evaluation of Automated First Dose
Dispensing at a Community Teaching Hospital in the USA. Journal of Health

Informatics in Developing Countries, 10(1), 46-53.

Ali, N., Aziz, S., Nordin, S., Mi, N. C., Abdullah, N., Mahmud, M., Paranthaman, V., &
Mutalip, M. H. A. (2016). Malaysian Methadone Treatment Outcome Study

(MyTOS). Institute for Public Health.

Amran, N. A. M., Karim, M. S. A., Rashid, R. A., & Derahman, N. A. (2018).

Implementation of methadone dispenser in drug addiction treatment program. In

73



M. F. B. Abdollah (Ed.), Proceedings of Mechanical Engineering Research Day

2018 (pp. 143—145). Centre for Advanced Research on Energy, 2018.

Amran, N. A. M., Karim, M. S. A., Rashid, R. A., Zahari, T. Z. T., & Ishak, A. L. (2019).
Improvement of Methadone Maintenance Treatment (MMT) Process Through
Development and Implementation of Methadone Dispenser. Journal of Testing

and Evaluation, 47(5), 3563-3575. https://doi.org/10.1520/JTE20180094

Anselmi, M. L., Peduzzi, M., & Dos Santos, C. B. (2007). Errors in the administration of
intravenous medication in Brazilian hospitals. Journal of Clinical Nursing,

16(10), 1839-1847. https://doi.org/10.1111/1.1365-2702.2007.01834.x

Ashcroft, D. M., Quinlan, P., & Blenkinsopp, A. (2005). Prospective study of the
incidence, nature and causes of dispensing errors in community pharmacies.
Pharmacoepidemiology and Drug Safety, 14(5), 327-332.

https://doi.org/10.1002/pds.1012

Bajaj, S. (2018, April 29). Automation in Medicine. Doctor in Progress.

https://doctorinprogress.com/2018/04/29/automation-in-medicine/?locale=en

Barker, K. N., Flynn, E. A., Pepper, G. A., Bates, D. W., & Mikeal, R. L. (2002).
Medication errors observed in 36 health care facilities. Archives of Internal

Medicine, 162(16), 1897—1903. https://doi.org/10.1001/archinte.162.16.1897

Beso, A., Franklin, B. D., & Barber, N. (2005). The frequency and potential causes of
dispensing errors in a hospital pharmacy. Pharmacy World & Science: PWS,

27(3), 182-190. https://doi.org/10.1007/511096-004-2270-8

Borders, T. F., Booth, B. M., & Curran, G. M. (2015). African American cocaine users’

preferred treatment site: Variations by rural/urban residence, stigma, and

74



treatment effectiveness. Journal of Substance Abuse Treatment, 50, 26-31.

https://doi.org/10.1016/].jsat.2014.10.004

Chakrapani, V., Velayudham, J., Shunmugam, M., Newman, P. A., & Dubrow, R. (2014).
Barriers to antiretroviral treatment access for injecting drug users living with HIV
in Chennai, South India. AIDS Care, 26(7), 835-841.

https://doi.org/10.1080/09540121.2013.861573

Chapuis, C., Bedouch, P., Detavernier, M., Durand, M., Francony, G., Lavagne, P.,
Foroni, L., Albaladejo, P., Allenet, B., & Payen, J.-F. (2015). Automated drug
dispensing systems in the intensive care unit: A financial analysis. Critical Care,

19(1), 318. https://doi.org/10.1186/s13054-015-1041-3

Chapuis, C., Roustit, M., Bal, G., Schwebel, C., Pansu, P., David-Tchouda, S., Foroni,
L., Calop, J., Timsit, J.-F., Allenet, B., Bosson, J.-L., & Bedouch, P. (2010).
Automated drug dispensing system reduces medication errors in an intensive care
setting. Critical Care Medicine, 38(12), 2275-2281.

https://doi.org/10.1097/CCM.0b013e3181f8569b

Chen, W., Nong, Z., Li, Y., Huang, J., Chen, C., & Huang, L. (2017). Role of Dopamine
Signaling in Drug Addiction. Current Topics in Medicinal Chemistry, 17(21),

2440-2455. https://doi.org/10.2174/1568026617666170504100642

Cheung, K.-C., Bouvy, M. L., & Smet, P. A. G. M. D. (2009). Medication errors: The
importance of safe dispensing. British Journal of Clinical Pharmacology, 67(6),

676—680. https://doi.org/10.1111/5.1365-2125.2009.03428.x

Chua, S.-S., Wong, L. C. K., Edmondson, H., Allen, C., Chow, J., Peacham, J., Hill, G.,

& Grantham, J. (2003). A feasibility study for recording of dispensing errors and

75



near misses’ in four UK primary care pharmacies. Drug Safety, 26(11), 803—813.

https://doi.org/10.2165/00002018-200326110-00005

Corkery, J. M., Schifano, F., Ghodse, A. H., & Oyefeso, A. (2004). The effects of
methadone and its role in fatalities. Human Psychopharmacology: Clinical and

Experimental, 19(8), 565-576. https://doi.org/10.1002/hup.630

Darwesh, B., Y., M., & John, S. (2017). The Experience of Using an Automated
Dispensing System to Improve Medication Safety and Management at King
Abdul Aziz University Hospital. Journal of Pharmacy Practice and Community

Medicine, 3, 114—119. https://doi.org/10.5530/jppcm.2017.3.26

D’Aunno, T., Park, S. (Ethan), & Pollack, H. A. (2019). Evidence-based treatment for
opioid use disorders: A national study of methadone dose levels, 2011-2017.
Journal of Substance Abuse Treatment, 96(1), 18-22.

https://doi.org/10.1016/j.jsat.2018.10.006

Degenhardt, L., Glantz, M., Evans-Lacko, S., Sadikova, E., Sampson, N., Thornicroft,
G., Aguilar-Gaxiola, S., Al-Hamzawi, A., Alonso, J., Helena Andrade, L.,
Bruffaerts, R., Bunting, B., Bromet, E. J., Miguel Caldas de Almeida, J., de
Girolamo, G., Florescu, S., Gureje, O., Maria Haro, J., Huang, Y., ... World
Health Organization’s World Mental Health Surveys collaborators. (2017).
Estimating treatment coverage for people with substance use disorders: An
analysis of data from the World Mental Health Surveys. World Psychiatry:
Official Journal of the World Psychiatric Association (WPA), 16(3), 299-307.

https://doi.org/10.1002/wps.20457

Eippert, G. (2008). Medication reminder system (United States Patent US7320483B2).

https://patents.google.com/patent/US7320483B2/en

76



Elliott, R. A. (2006). Problems with Medication Use in the Elderly: An Australian
Perspective. Journal of Pharmacy Practice and Research, 36(1), 58-66.

https://doi.org/10.1002/5.2055-2335.2006.tb00889.x

Embrey, M. (2012). MDS-3: Managing Access to Medicines and Health Technologies

(M. Ryan, Ed.). Management Sciences for Health.

Farcas, C., Ciocan, I., Palaghitd, N., & Fizesan, R. (2015). Weekly electronic pills
dispenser with circular containers. 2015 IEEE 21st International Symposium for
Design and Technology in Electronic Packaging (SIITME), 125-129.

https://doi.org/10.1109/SIITME.2015.7342308

Forouzanfar, M. H., Alexander, L., Anderson, H. R., Bachman, V. F., Biryukov, S.,
Brauer, M., Burnett, R., Casey, D., Coates, M. M., Cohen, A., Delwiche, K.,
Estep, K., Frostad, J. J., Astha, K. C., Kyu, H. H., Moradi-Lakeh, M., Ng, M.,
Slepak, E. L., Thomas, B. A., ... Murray, C. J. (2015). Global, regional, and
national comparative risk assessment of 79 behavioural, environmental and
occupational, and metabolic risks or clusters of risks in 188 countries, 1990-2013:
A systematic analysis for the Global Burden of Disease Study 2013. Lancet
(London, England), 386(10010), 2287-2323. https://doi.org/10.1016/S0140-

6736(15)00128-2

Frimpong, J. A., Shiu-Yee, K., & D’Aunno, T. (2017). The Role of Program Directors in
Treatment Practices: The Case of Methadone Dose Patterns in U.S. Outpatient
Opioid Agonist Treatment Programs. Health Services Research, 52(5), 1881—

1907. https://doi.org/10.1111/1475-6773.12558

Hachemi, K., & Rabhi, o A. E. djalil. (2014, May 11). Design of a control and tracking

framework of an automated drug dispensing system. International Conference on

77



Industrial Engineering and Manufacturing. ICIEM’14. International conference

on Industrial Engineering and Manufacturing. ICIEM’ 14, Batna, Algeria.

Hedrich, D., Alves, P., Farrell, M., Stover, H., Mgller, L., & Mayet, S. (2012). The
effectiveness of opioid maintenance treatment in prison settings: A systematic
review. Addiction (Abingdon, England), 107(3), 501-517.

https://doi.org/10.1111/j.1360-0443.2011.03676.x

Hoadley, D., & Ananthan, A. (2013). Using Modeling and Simulation in the Design of
Closed-Loop Insulin Delivery System. Journal of Medical Devices, 7(2), 020923.

https://doi.org/10.1115/1.4024340

Improving Batch Dispensing in the Food and Beverage Industry. (2018, April 17). AZoM.

https://www.azom.com/article.aspx?ArticleID=15709

Ishizuka, H., Horiguchi, M., Waki, Y., Maeda, M., & Ishikura, C. (1991). Computerized
dispensing system: Reducing the time of dispensing medicines. International
Journal of Bio-Medical Computing, 28(1), 137-146.

https://doi.org/10.1016/0020-7101(91)90033-B

Istocka, S. (2015). Automated Beverage Dispenser [Honors Research Projects, Williams

Honors College]. https://ideaexchange.uakron.edu/honors_research projects/87

Jungen, H., Andresen-Streichert, H., Miiller, A., & Iwersen-Bergmann, S. (2013).
Disaccharides in Urine Samples as Markers of Intravenous Abuse of Methadone
and Buprenorphine. Journal of Analytical Toxicology, 37(9), 652—658.

https://doi.org/10.1093/jat/bkt086

78



Kamarulzaman, A. (2009). Impact of HIV prevention programs on drug users in
Malaysia. Journal of Acquired Immune Deficiency Syndromes (1999), 52(1), S17-

19. https://doi.org/10.1097/QAI1.0b013e3181bbc9af

Khatod, R. G., & Sakhale, C. (2012). Design and Fabrication of Liquid Dispensing
Machine Using Automatic Control for Engg. Industry. International Journal of

Innovative Technology and Exploring Engineering (IJITEE), 1(5), 38—44.

Kleber, H. D. (2008). Methadone Maintenance 4 Decades Later. JAMA, 300(19), 2303—

2305. https://doi.org/10.1001/jama.2008.648

Kleinman, R. A. (2020). Comparison of Driving Times to Opioid Treatment Programs
and Pharmacies in the US. Journal of the American Medical Association

Psychiatry. https://doi.org/10.1001/jamapsychiatry.2020.1624

Korey. (2019, May 17). Diaphragm Pumps vs. Peristaltic Pumps. Commercial Industrial
Supply. https://www.commercial-industrial-supply.com/resource-

center/diaphragm-pumps-vs-peristaltic-pumps/

Kulkarni, A. S., Balkrishnan, R., Anderson, R. T., Edin, H. M., Kirsch, J., & Stacy, M.
A. (2008). Medication adherence and associated outcomes in medicare health
maintenance organization-enrolled older adults with Parkinson’s disease.
Movement Disorders: Official Journal of the Movement Disorder Society, 23(3),

359-365. https://doi.org/10.1002/mds.21831

Lagrange, F. J., & Lagrange, J. V. (2023). Process performance of a new liquid
medication dispensing robot. European Journal of Hospital Pharmacy, 30(6),

340-346. https://doi.org/10.1136/ejhpharm-2021-002811

79



Lewis, D. (1997). Credibility, support for methadone treatment-finally. Brown University

Digest of Addiction: Theory & Application, 16(1), n12.

Li, D., & Yoon, S. W. (2015). A novel fill-time window minimisation problem and
adaptive parallel tabu search algorithm in mail-order pharmacy automation
system. [International Journal of Production Research, 53(14), 4189—4205.

https://doi.org/10.1080/00207543.2014.985392

Liu, L., & Fu, C. (2020). A Batch Scheduling Problem of Automatic Drug Dispensing
System in Outpatient Pharmacy. In Z. Zhang, W. Li, & D.-Z. Du (Eds.),

Algorithmic Aspects in Information and Management (pp. 537-543). Springer

International Publishing. https://doi.org/10.1007/978-3-030-57602-8 48

Longo, G. A., Mancin, S., Righetti, G., & Zilio, C. (2017). Flow dynamic and energetic
assessment of a commercial micro-pump for a portable/wearable artificial kidney:

Peristaltic vs. diaphragm pumps. Thermal Science and Engineering Progress, 3,

31-36. https://doi.org/10.1016/j.tsep.2017.03.006

Luo, S., Lin, C., Feng, N., Wu, Z., & Li, L. (2019). Stigma towards people who use drugs:
A case vignette study in methadone maintenance treatment clinics in China.
International Journal of Drug Policy, 71, 73-717.

https://doi.org/10.1016/j.drugpo.2019.06.005

Makary, M. A., & Daniel, M. (2016). Medical error-the third leading cause of death in
the US. BMJ (Clinical Research Ed.), 353, 12139.

https://doi.org/10.1136/bmj.i2139

Marienfeld, C., Liu, P., Wang, X., Schottenfeld, R., Zhou, W., & Chawarski, M. C.

(2015). Evaluation of an implementation of methadone maintenance treatment in

80



China. Drug and Alcohol Dependence, 157, 60-67.

https://doi.org/10.1016/j.drugalcdep.2015.10.001

Martin, E. D., Burgess, N. G., & Doeck, C. J. (2000). Evaluation of an Automated Drug
Distribution System in an Australian Teaching Hospital. The Australian Journal

of Hospital Pharmacy, 30(4), 141-145. https://doi.org/10.1002/jppr2000304141

Mburu, G., Ayon, S., Tsai, A. C., Ndimbii, J., Wang, B., Strathdee, S., & Seeley, J.
(2018). “Who has ever loved a drug addict? It’s a lie. They think a “teja” is as bad
person’: multiple stigmas faced by women who inject drugs in coastal Kenya.

Harm Reduction Journal, 15(1), 29. https://doi.org/10.1186/s12954-018-0235-9

Merrall, E. L. C., Kariminia, A., Binswanger, [. A., Hobbs, M. S., Farrell, M., Marsden,
J., Hutchinson, S. J., & Bird, S. M. (2010). Meta-analysis of drug-related deaths
soon after release from prison. Addiction (Abingdon, England), 105(9), 1545—

1554. https://doi.org/10.1111/5.1360-0443.2010.02990.x

Methadone maintenance treatment. (2009). In Clinical Guidelines for Withdrawal

Management and Treatment of Drug Dependence in Closed Settings (pp. 73-91).

World Health Organization. https://www.ncbi.nlm.nih.gov/books/NBK310658/

Meyboom, R. H., Lindquist, M., & Egberts, A. C. (2000). An ABC of drug-related
problems. Drug Safety, 22(6), 415-423. https://doi.org/10.2165/00002018-

200022060-00001

Moore, B. A., Fazzino, T., Barry, D. T., Fiellin, D. A., Cutter, C. J., Schottenfeld, R. S.,
& Ball, S. A. (2013). The Recovery Line: A pilot trial of automated, telephone-

based treatment for continued drug use in methadone maintenance. Journal of

81



Substance Abuse Treatment, 45(1), 63-69.

https://doi.org/10.1016/j.jsat.2012.12.011

Moore, K. E., Oberleitner, L., Smith, K. M. Z., Maurer, K., & McKee, S. A. (2018).
Feasibility and Effectiveness of Continuing Methadone Maintenance Treatment

During Incarceration Compared With Forced Withdrawal. Journal of Addiction

Medicine, 12(2), 156-162. https://doi.org/10.1097/ADM.0000000000000381

Mukund, S., & Srinath, N. K. (2012). Design of Automatic Medication Dispenser.

https://doi.org/10.5121/CSIT.2012.2324

Nabelsi, V., & Gagnon, S. (2017). Information technology strategy for a patient-oriented,
lean, and agile integration of hospital pharmacy and medical equipment supply
chains. [International Journal of Production Research, 55(14), 3929-3945.

https://doi.org/10.1080/00207543.2016.1218082

Nakagawa, S., & Schielzeth, H. (2010). Repeatability for Gaussian and Non-Gaussian
Data: A Practical Guide for Biologists. Biological Reviews of the Cambridge
Philosophical ~ Society, 85(4), 935-956. https://doi.org/10.1111/j.1469-

185X.2010.00141.x

Noparatayaporn, P., Sakulbumrungsil, R., Thaweethamcharoen, T., & Sangseenil, W.
(2017). Comparison on Human Resource Requirement between Manual and
Automated Dispensing Systems. Value in Health Regional Issues, 12, 107-111.

https://doi.org/10.1016/;.vhri.2017.03.007

Palmer, C. (2020). Shrinking Medical Devices Get Smarter Too. Engineering.

https://doi.org/10.1016/j.eng.2020.12.004

82



Pang, L., Hao, Y., Mi, G., Wang, C., Luo, W., Rou, K., Li, J., & Wu, Z. (2007).
Effectiveness of first eight methadone maintenance treatment clinics in China.

AIDS, 21, S103. https://doi.org/10.1097/01.aids.0000304704.71917.64

Pasina, L., Brucato, A. L., Falcone, C., Cucchi, E., Bresciani, A., Sottocorno, M., Taddei,
G. C., Casati, M., Franchi, C., Djade, C. D., & Nobili, A. (2014). Medication Non-
Adherence Among Elderly Patients Newly Discharged and Receiving
Polypharmacy. Drugs & Aging, 31(4), 283-289. https://doi.org/10.1007/s40266-

014-0163-7

Pendispensan Rawatan Terapi Gantian Methadone. (2017). Bahagian Perkhidmatan
Farmasi Kementerian Kesihatan Malaysia.
https://www.pharmacy.gov.my/v2/sites/default/files/document-upload/garis-
panduan-pemantauan-penyeliaan-pembekalan-stok-methadone-kementerian-

kesihatan-malaysia-ke.pdf

Penna, M., Gowda, D. V., Jijesh, J. J.,, & Shivashankar. (2017). Design and
implementation of automatic medicine dispensing machine. 2017 2nd IEEE
International Conference on Recent Trends in Electronics, Information
Communication Technology (RTEICT), 1962-1966.

https://doi.org/10.1109/RTEICT.2017.8256941

Petro, J. A., Pawluk, D. T. V., Burch, D. S., & Owen, J. M. (2009). An Automated Drug
Delivery Tracking Device Utilizing RFID Technology. Journal of Medical

Devices, 3(3), 034502. https://doi.org/10.1115/1.3192105

Rabiu, A., Chedi, B., Simbak, N., & Haque, M. (2014). Medication error: The role of
health care professionals, sources of error and prevention strategies. Journal of

Chemical and Pharmaceutical Research, 6(10), 646—651.

83



Ramkumar, J., Karthikeyan, C., Vamsidhar, E., & Dattatraya, K. N. (2020). Automated
Pill Dispenser Application Based on IoT for Patient Medication. In N. Gupta &
S. Paiva (Eds.), loT and ICT for Healthcare Applications (pp. 231-253). Springer

International Publishing. https://doi.org/10.1007/978-3-030-42934-8 13

Roman, C., Poole, S., Walker, C., Smit, D. V., & Dooley, M. J. (2016). A ‘Time and
Motion’ Evaluation of Automated Dispensing Machines in The Emergency
Department. Australasian Emergency Nursing Journal, 19(2), 112-117.

https://doi.org/10.1016/j.aenj.2016.01.004

Salmasi, S., Khan, T. M., Hong, Y. H., Ming, L. C., & Wong, T. W. (2015). Medication
Errors in the Southeast Asian Countries: A Systematic Review. PLoS One, 10(9),

e0136545. https://doi.org/10.1371/journal.pone.0136545

Santra, G. (2015). Assessment of adherence to cardiovascular medicines in rural
population: An observational study in patients attending a tertiary care hospital.
Indian Journal of Pharmacology, 47(6), 600—604. https://doi.org/10.4103/0253-

7613.169573

Sarna, A., Pujari, S., Sengar, A. K., Garg, R., Gupta, I., & Dam, J. van. (2008). Adherence
to antiretroviral therapy & its determinants amongst HIV patients in India. 7The

Indian Journal of Medical Research, 127(1), 28-36.

Shumate, J., Baillargeon, P., Spicer, T. P., & Scampavia, L. (2018). IoT for Real-Time
Measurement of High-Throughput Liquid Dispensing in Laboratory
Environments. SLAS TECHNOLOGY: Translating Life Sciences Innovation,

23(5), 440—-447. https://doi.org/10.1177/2472630318769454

84



Srinivasan, S. S., Kantareddy, S. N. R., Nkwate, E. A., Meka, P., Chang, 1., Hanumara,
N. C., & Ramadi, K. B. (2018). Design of a Precision Medication Dispenser:
Preventing Overdose by Increasing Accuracy and Precision of Dosage. IEEE
Journal of Translational Engineering in Health and Medicine, 6, 1-6.

https://doi.org/10.1109/JTEHM.2018.2842223

Suganya, G., Mariappan, P., Sharma, A., Pandya, M., & Joshi, A. (2019). IoT based
Automated Medicine Dispenser for Online Health Community using Cloud.

International Journal of Recent Technology and Engineering, 7(554), 759-762.

Suleiman, A., & Ramly, M. (Eds.). (2020). GLOBAL AIDS MONITORING 2020:
Malaysia HIV/AIDS Progress Report (Trend of HIV Infection by Mode of
Transmission, p. 10) [Progress Report]. Ministry of Health Malaysia.
https://www.moh.gov.my/moh/resources/Penerbitan/Laporan/Umum/Laporan_G

lobal AIDS Monitoring 2020 new.pdf

Teagarden, J. R., Nagle, B., Aubert, R. E., Wasdyke, C., Courtney, P., & Epstein, R. S.
(2005). Dispensing error rate in a highly automated mail-service pharmacy
practice. Pharmacotherapy, 25(11), 1629-1635.

https://doi.org/10.1592/phco.2005.25.11.1629

Torrens, M., Fonseca, F., Galindo, L., & Farre, M. (2015). Opioid Addiction: Short- and
Long-Acting Opioids. In N. El-Guebaly, G. Carra, M. Galanter, & A. M.
Baldacchino (Eds.), Textbook of Addiction Treatment: International Perspectives

(2nd ed., pp. 467-500). Springer.

Tsai, K.-L., Liau, B.-Y., Hung, Y.-M., Yu, G.-J., & Wang, Y.-C. (2020). Development of

Smart Pillbox Using 3D Printing Technology and Convolutional Neural Network

85



Image Recognition.  Sensors and  Materials, 32(5), 1907-1912.

https://doi.org/10.18494/SAM.2020.2632

Tsao, N. W., Lo, C., Babich, M., Shah, K., & Bansback, N. J. (2014). Decentralized
Automated Dispensing Devices: Systematic Review of Clinical and Economic

Impacts in Hospitals. The Canadian Journal of Hospital Pharmacy, 67(2), 138—

148.

UNODC World Drug Report 2021: Pandemic effects ramp up drug risks, as youth
underestimate cannabis dangers. (2021, June 24). United Nations: Office on
Drugs and Crime. //www.unodc.org/unodc/en/press/releases/2021/June/unodc-
world-drug-report-2021 -pandemic-effects-ramp-up-drug-risks--as-youth-

underestimate-cannabis-dangers.html

Vahidreza, N., & Manouchehr, E. (2019). Design and Implementation of an Automated
Dispensing Device for Reducing Methadone Therapy Misuse. Research on

Addiction, 13(52), 121-136,

van den Bemt, P., & Egberts, T. (2007). Drug-related problems: Definitions and

classification. European Journal of Hospital Pharmacy, 13(1), 62—64.

Velo, G. P., & Minuz, P. (2009). Medication errors: Prescribing faults and prescription
errors.  British Journal of Clinical Pharmacology, 67(6), 624-628.

https://doi.org/10.1111/5.1365-2125.2009.03425.x

Vik, S. A., Maxwell, C. J., & Hogan, D. B. (2004). Measurement, correlates, and health
outcomes of medication adherence among seniors. The Annals of

Pharmacotherapy, 38(2), 303-312. https://doi.org/10.1345/aph.1D252

86



Wickersham, J. A., Marcus, R., Kamarulzaman, A., Zahari, M. M., & Altice, F. L. (2013).
Implementing methadone maintenance treatment in prisons in Malaysia. Bulletin
of the World Health Organization, 91(2), 124-129.

https://doi.org/10.2471/BLT.12.109132

Yin, W., Hao, Y., Sun, X., Gong, X., Li, F., Li, J., Rou, K., Sullivan, S. G., Wang, C.,
Cao, X., Luo, W., & Wu, Z. (2010). Scaling up the national methadone
maintenance treatment program in China: Achievements and challenges.
International ~ Journal  of  Epidemiology,  39(suppl 2),  1i29-ii37.

https://doi.org/10.1093/ije/dyq210

Yuswan, F., & Dazali, M. N. M. (Eds.). (2016). Polisi dan Prosedur Operasi Piawai
Program Rawatan Methadone. Sektor HIV/STI, Bahagian Kawalan Penyakit,

Kementerian Kesihatan Malaysia.

Zhang, J. (2014). Reliability analysis of spherical function generating mechanisms.
Journal of Advanced Mechanical Design, Systems, and Manufacturing, 8(1),

JAMDSMO007. https://doi.org/10.1299/jamdsm.2014jamdsm0007

87





