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Abstract: Conventional dental radiographic examination using bitewing is widely known to cause
nausea and unclear radiographic images, due to pressure on the mouth wall and patient movement,
respectively. This discomfort often leads to patient non-compliance, making it challenging to obtain
accurate diagnostic results. These issues were observed in 10 dental clinics on Jalan Jamin Ginting.
To address the problems, a product improvement design was implemented using Quality Functions
Development (QFD). In Phase I, QFD produced technical specifications such as adding buffer foam
and replacing iron material used in bitewing support with aluminium, while Phase II identified
priority critical parts such as shortening the dimensions of the bitewing holder with a support. The
product redesign includes the addition of buffer foam for enhanced comfort for patient, the
substitution of iron with aluminium to reduce weight of the product, as well as the adjustment of
bitewing holder and support dimensions to 3.5 cm and 19.5 cm, respectively.
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1. Imtroduction

Medical devices are instruments, equipment, machines used in health services (Siddique et al.,
2021). These devices serve as tools for the prevention, diagnosis, or treatment of disease, facilitating
the detection, measurement, restoration, repair, or change of the body structure and functions for
health purposes (Liu et al., 2019). An example is a radiograph, which is crucial for visualizing the
hard tissues of the oral cavity, enabling differential diagnosis and evaluation of dental
abnormalities (Yusro and Sianturi, 2018).

Bitewing is a radiographic tool designed to show the crowns of maxillary and mandibular teeth
in one film. It is primarily used by dentists in examining the intraoral (oral cavity), detecting patient
complaints, and monitoring the development of caries or cavities post-treatment (Moharrami et al.,
2023). The procedure includes inserting the holder into the mouth cavity, positioning the film
holder, and exposing the film to radiation for capturing the examination images. However, issues
can arise during the usage, complicating the task of the dentist (Astuti and Febriansyah, 2017).
Complaints about bitewing products present the need for an improved design to enhance
functionality and patient comfort. Addressing these issues is critical to improving the ability of the
dentist to administer effective treatment. Bitewing produced by PT. X, is sourced from an online
marketplace. The detailed specification are shown in Figure 1.

The bitewing consists of several components with specific specifications. The bitewing holder
has a length of 4.1 cm, weighs 50 grams, and is made of soft acrylic in yellow color. The bitewing
support measures 20.3 cm in length, weighs 250 grams, and is made of iron with a silver color. The
x-ray sensor has a diameter of 6.5 cm, weighs 100 grams, and is made of plastic in yellow color.
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The design of bitewing product improvements is based on complaints identified through survey
(Bahia et al., 2023). Data was collected by distributing preliminary questionnaires to 10 dentists
located on Jalan Jamin Ginting, Medan Selayang District to obtain feedbacks. The most frequent
complain was nausea due to pressure on the mouth wall. Another significant issue was the clarity
of radiographic images, which was often compromised by patient movement. This necessitates a
plan for product improvement (Avikal et al., 2020). Supporting study by (Astuti and Febriansyah,
2017) also stated that bitewing products usage causes nausea in patients, presenting the need to
shorten the dimensions of the holder.

To address the issue, the Quality Functions Deployment (QFD) method was adopted. QFD is a
structured methodology used in product planning and development to ensure that consumer needs
and desires are met (Siwiec et al., 2023). This was conducted by integrating user requirements with
business goals, focusing on the wants and needs of customers. (Ginting, 2022). In Phase I of QFD,
the degree of importance of additional customer needs and desires, referred to as technical
characteristics, was determined (Abonyi and Czvetko, 2022). Meanwhile, Phase II, the relative
importance of design requirements, known as critical parts, was examined (Wu and Liao, 2021).

2. Methods

In this study, the sample comprised of 10 dentists as respondents, determined using the Harry
King Nomogram method with an error rate of 5% (Hartono et al., 2017). These respondents were
selected to address problems such as patient nausea due to pressure on the mouth wall and unclear
radiographic images attributed to movement. (Sugiyono, 2018).

i / X-Ray Sensor

Bitewing Holder

/

Bitewing Support
Figure 1 Bitewing Parts and Product

2.1. Quality Function Deployment Phase I

Phase I of QFD includes building a House of Quality (HoQ) matrix according to the stages
outlined in the procedures of (Sugiono et al., 2022)

1. Determine Consumer Needs (Neira-Rodado et al., 2020)

Consumer needs were identified through surveys using open, closed, and canoe questionnaires.
(Coskun and Kazan, 2023)

2. Determine the Level of Importance of Attribute / Customer Importance (Gavahi et al., 2022)

The level of importance was assessed to understand the extent of consumers expectation
(Sundaram and Zeid, 2023). This was based on the mode value from closed questionnaire (IHabib et
al., 2023), signifying the frequency of the most responses for each variable (Przystupa, 2023)

3. Define product characteristics (Avikal et al., 2020)

Technical characteristics were determined through discussions and interviews with the
company.

4. Establish the relationship between technical characteristics (Shen et al., 2022)

The relationship between each technical characteristic was analyzed to determine the mutually
supportive (positive) or contradictory (negative) status. The following show the the degree of these
relationships:

a. Relationship level exists.

b. The degree of positive relationship is strong.
c. Moderate level of positive relationship.

d. No connection.
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e. Moderate level of negative relationship.
f. The degree of negative relationship is strong.

5. Determine the Level of Relationship Between Technical Characteristics and Consumer Needs
(Zhang et al., 2022)

Relation matrix was used to evaluate the relationship between consumer desires and the
technical characteristics of the product. The level of relationship consists of a scale of strong,
medium, weak, and not related at all. The assessment was performed based on the following rules:

a. 9 : Shows a strong relationship.

b. 3 : Indicates a moderate relationship.
c. 1: Indicates a weak relationship.

d. 0 : Indicates no relationship at all.

6. Determine the planning matrix (Shang et al., 2022)

The planning matrix was designed to assess consumer satisfaction with the product.
Furthermore, its preparation aimed to obtain the order or priority of the consumer variable needs.
The planning matrix is the result of calculations from several types of data and consists of the
following stages

a. Measuring the level of consumer satisfaction with the product (Ishak et al., 2020)

b. Calculating the value of the improvement ratio (improvement ratio) for each variable level
of interest (expectation) (Rianmora and Werawatganon, 2021)

c. Set a "sales point" for each variable needs (de Oliveira et al., 2020)

d. Calculating the planning weight (absolute) for each variable (Ginting et al., 2015)

e. Calculating relative planning weights for each variable (Shvetsova et al., 2021).

7. Build a Phase I House of Quality Matrix (Fazeli and Peng, 2022)

The technical matrix on performance measures from HoQ Phase I consists of three aspects,
namely the level of difficulty, importance, and estimated costs.

a. Difficulty Level Determination (Neira-Rodado et al., 2020)

The level of difficulty was determined from the relationship between technical characteristics.
Furthermore, it was calculated by translating all the relationship weights and dividing each
technical characteristic weight by the total weights.

b. Determination of the Degree of Importance (Hridoy et al., 2020)

The value of the degree of importance was calculated by first determining the total weight for

each relationship between product attributes and technical characteristics.
c. Cost estimation (Murugan and Marisamynathan, 2022)

The basis for cost estimates is the level of difficulty factor. The more difficult a technical
characteristic, the more expensive the cost allocation. Cost estimates, expressed in percent, were
influenced by various considerations from the designer.

Building Phase I of the HoQ matrix set the stage for QFD Phase I (product planning). Data
collected were integrated into the first step of QFD Phase II. Meanwhile, potential difficulties in
QFD Phase I include obtaining data and conducting surveys.

2.2. Quality Function Deployment Phase Il

The experimental procedure in this study was divided into several stages, as shown in the
schematic diagram in Figure 1. In Phase II of QFD, also known as the design phase, product
characteristics derived from the voice of the customer were compared with the essential
requirements, in order to identify critical parts of a product (Lo, 2021). It is important to
acknowledge that priority technical characteristics were translated into critical parts to meet
customer needs. According to (Ginting, 2021), the following were stages of developing the Phase II
QFD (Zulkarnain et al., 2023)

1. Establish Priority Technical Characteristics Based on QFD phase I (Yuliani et al., 2019)
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The technical characteristics obtained from QFD phase I were used as input to conduct
processing in phase II. Priority technical characteristics were determined based on the ranking
of the largest weight of the level of difficulty, degree of importance, and estimated costs.

2. Determine the Critical Part (Purba et al., 2020)

Critical parts were identified as the main components or characteristics essential to the product.
3. Determine the Level of Relationship Between Critical Parts (Azizah et al., 2018)

The next step in preparing the design deployment matrix was to compare and analyze the
relationship between each critical part.

4. Establish the Relationship Between Technical Characteristics and Critical Parts (Abonyi and
Czvetko, 2022)

The design deployment matrix was prepared to compare the relationship between critical parts
and technical characteristics.

5. Determine the Technical Matrix (Lestari et al., 2020)

The technical matrix was determined based on performance measures from QFD phase II, which
included the level of difficulty, the level of importance, and estimated costs.

The results of QFD Phase II, provided the final specifications for the proposed product, aiming
to address bitewing problems. A practical challenge in QFD Phase II was conducting effective
surveys to obtain accurate data.

3. Results and Discussion

This study introduces a novel method in the design of the bitewing product, by adopting QFD,
a technique not previously utilized. Additionally, it addresses consumer complaints by applying
an engineering approach to solve dentistry-related problems.

3.1. Quality Function Deployment Phase I

The analysis based on the House of Quality (HoQ) signifies that the primary focus of
improvement should be on technical characteristics. Specifically, the convenience of use present a
difficulty level of 4, degree of importance of 17%, and estimated cost of 17. To enhance product
comfort, the inclusion of buffer foam is recommended.

According to (Anggita and Astuti, 2016), buffer foam can increase the comfort level of the user.
Another area for improvement is the weight of the product which has a difficulty level, degree of
importance, and estimated cost of 4%, 18%, and 17%, respectively. The proposed enhancement
includes replacing the iron material used in bitewing support with aluminium. According to
(Rohilla and Dhull, 2018) aluminium has a lighter density and stronger resistance than iron. By
prioritizing these technical characteristics in QFD Phase I, the study aimed to address several
patient complaints, such as nausea caused by pressure on the mouth wall and unclear radiographic
images resulting from patient movement. The focus on improving the convenience of use and
reducing product weight is shown on Figure 2.
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Degree of Relationship:

V = Level of strong positive relationship, weight = 4

v = Medium positive relationship level, weight = 3

x = moderate level of negative relationship, weight = 2
X = Level of strong negative relationship, weight = 1

- = No relationship, weight = 0

Degree of difficulty
1= Not Difficult Cost estimation Degree of Interest
2 = Moderate 0-10 = Cheap 1-10 = Less important
3 =Difficult 11-20 = Moderate 11-20 = Important
4 = Very Difficult 21-30 = Expensive 21-30 = Very important
5 = Absolute Very Hard

Figure 2 House of Quality (HoQ) Phase I

3.2. Quality Function Deployment Phase Il
QFD phase II is the stage of component planning (part deployment) or translation of technical
requirements into component characteristics. Based on the deployment part, the difficulty level,
degree of importance, and estimated cost were 5%, 35%, and 33%. These metrics signified that the
most critical components requiring immediate attention were the dimensions of the bitewing holder
and support. The proposed product improvements include shortening the dimensions and length
of the bitewing holder to 3.5 cm and 19.5 cm, respectively.
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Based on the identification of critical parts with QFD Phase II, patient complaints of nausea
caused by pressure on the mouth wall and unclear radiographic images due to patient movement,
can be addressed by prioritizing critical components. According to (Astuti and Febriansyah, 2017),
an improved design is needed by shortening the dimensions of the bitewing holder with a support.
The focus on shortening the dimensions of the bitewing holder with a support is shown on Figure

3.
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CHARACTERISTICS 5|©
Convenience of use 4 9 3] 3
Flexibility of use 3 3 9 9
Durability 3 1 9 1
Product maintenance 3 1 3| 3
Product size accuracy 3 9 3 9
Product weight 4 9 3 3
Product coloring 2 3 3| 3
Degree of difficulty 5 5 5
Degree of Interest (%) 3% 33| 31
Cost estimation (%) 33| 33| 33

Degree of difficulty
1 =Not Difficult
2 = Moderate
3 = Difficult
4 = Very Difficult
5 = Absolute Very Difficult

Cost estimation
0-10 = Cheap
11-20 = Moderate
21-30 = Expensive

Degree of Interest
1-10 = Less important
11 — 20 = Important
21 - 30 = Very important

Figure 3 House of Quality (HOQ) Phase II

Comparison of the initial and proposed product resulting from the QFD Phase I and II, are

presented in Table 1.
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Table 1 Product Comparison of Initial Product and Proposed Product
Aspects Initial Product Proposed Product

Picture
L iincgr;h of the bitewing holder is (a) Length of the bitewing holder is 3.5 cm
5 Léngth length of the bitewing (b) Length of the bitewing support is 19.5
) cm
3 ]SDuilaDg(;tei‘Sozfotﬁecgil tewing x-ray (c) Diameter of the bitewing x-ray sensor is
' i 6.5 cm
sensor is 6.5 cm ) o .
4. Weight of the bitewing holder is (d) Weight of the bitewing holder is 50
50 grams grams o .
5. Weight of the bitewing support is (e) Weight of the bitewing support is 200
grams
6 \2/\5]212;?2? the bitewing x-ray (f) Weight of the bitewing x-ray sensor is
T ' . 100 grams
Specifications sensor is 100 grams . o .
P 7 Material of thi bitewing holder s (g) Material of the bitewing holder is soft
' acrylic

soft acrylic
8. Bitewing support material is iron
9. Material of the bitewing x-ray
sensor is plastic
10. Color of the bitewing holder is

(h) Bitewing support material is aluminium

(i) Material of the bitewing x-ray sensor is
plastic

(j) Color of the bitewing holder is yellow

(k) Color of the bitewing support is silver

yellow o j .
11. Color of the bitewing support is 0 }C/e()lll(c))l;/v()f the bitewing x-ray sensor is
silver L . S
12. Color of the bitewing x-ray sensor (m)Additional functions on bitewing are
. support foam
is yellow

4., Conclusions

In conclusion, Phase I QFD identified ease of use as the important technical characteristics,
signifying a pressing need for product enhancement. The proposed improvement includes the
incorporation of an additional function such as buffer foam. The technical characteristic with the
highest score was the focus of another improvement, namely product weight. Product repair
comprised replacement of iron material on the bitewing support with aluminium. This aimed to
address complaints such as nausea due to pressure on the mouth wall and less clear radiographic
images caused by patient movement. By and prioritizing these technical characteristics, user
requirements were adequately met. Based on Phase II QFD analysis, the identification of critical
parts present the bitewing holder and support dimensions as key areas for improvement. In line
with the product improvements strategy, adjustment were proposed to shorten the dimensions and
length of the holder to 3.5 cm and 19.5 c¢m, respectively. These modifications were designed to
address user concerns regarding discomfort and image clarity.
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