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Abstract 
A framework-based testing approach was employed to evaluate the comfort performance of a plus-size caesarean undergarment design for plus-size 
caesarean patients in Malaysia, with the goal of validating the framework through successful testing. A paired sample t-test assessed comfort 
performance across three indicators: clothing, physical, and psychological comfort, at two-time points, evaluating comfort improvements over time. 
Results showed a mean comfort score of 4.48 in the first hour and 4.61 in the fourth hour, indicating significant improvement in comfort. The statistical 
analysis revealed a p-value of 0.000 (Sig. 2-tailed), suggesting a highly significant result at the 0.001 level. 
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1.0 Introduction 
Malaysia has the highest obesity rate in Asia, with a prevalence of 54.4% (Phelps et al., 2024; Fact Sheet National Health and Morbidity 
Survey, 2023), and this rate is exceptionally high among adult females of reproductive age (Nurul Farehah Shahrir et al., 2021; Chong 
et al., 2023). Maternal obesity, especially among plus-size women, increases the risk of health complications before, during, and after 
pregnancy, often leading to a caesarean section (Aedla et al., 2024). Caesarean section is a surgical procedure involving an incision in 
the abdominal area during childbirth to prevent maternal and neonatal mortality; however, as an invasive surgery, it carries risks of 
morbidity and mortality for both the mother and baby (Richards & Black, 2024; Shamala Devi Karalasingam et al., 2020). Malaysian 
plus-size caesarean patients commonly face challenges related to discomfort and pain management, which are exacerbated by factors 
such as an apron belly, dampness around the incision, and mobility issues (Juliana Osman et al., 2022). During recovery, these patients 
prioritize tending to the incision and ensuring comfort (Mdoe et al., 2024). Concerning that, to improve comfort during recovery, a 
theoretical framework for designing a plus-size caesarean undergarment was developed based on the preferences of Malaysian plus-
size patients (Juliana Osman et al., 2022). Grounded in a theoretical framework that addresses the unique recovery challenges of plus-
size cesarean patients during the confinement period (Juliana Osman et al., 2022), this study aims to evaluate plus-size cesarean 
undergarment prototypes designed according to the framework by assessing three comfort indicators: clothing comfort, physical comfort, 
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and psychological comfort through wear-and-test sessions. Comfort improvements were measured over time, specifically between the 
first and fourth hours of wear. The successful outcomes of these tests validate the framework's effectiveness, supporting its application 
in future design improvements for plus-size cesarean patients. 
 
 

2.0 Literature Review 
 
2.1 Comfort  
Comfort is subjective and varies from person to person, influenced by factors such as the environment, sensory inputs, and activities 
(Mansfield et al., 2020; Abdelaliem & Boswihi, 2024). Beyond physical sensation, it also encompasses psychological states, 
physiological well-being, and environmental harmony (Mansfield et al., 2020). Four clothing comfort considerations are sensorial comfort, 
body movement comfort, thermo-physiological comfort and psychological comfort (Di Domenico et al., 2022). Sensorial comfort is the 
body's responses to external stimuli such as pain, pressure and moisture (Abdelaliem & Boswihi, 2024). Body movement comfort is 
based on the clothing fit and freedom of movement (D’Arcy et al., 2024). Thermo-physiological comfort is influenced by air permeability 
and moisture management (Di Domenico et al., 2022). Finally, psychological comfort is the feeling of contentment influenced by clothing 
performances, physical sensations, emotional processes, environment, aesthetics and social factors (Suganya et al., 2024). Evaluating 
comfort and discomfort perceptions is complex and subjective, as discomfort detection highly depends on self-reported experiences 
(Mansfield et al., 2020). As individuals prioritize comfort and support during physical recovery, the demand for garments designed with 
comfort performance to fulfil their comfort needs continues to rise, highlighting the strong link between clothing and overall well-being 
(Pawsey et al., 2023). 
 
2.2 Undergarments for plus-size caesarean patients 
Caesarean-centric undergarment design offers a unique solution to address the challenges faced by caesarean patients during recovery 
(Hassan, 2021). While compression garments and body wrappings are commonly associated with postpartum recovery, caesarean 
patients prioritize convenience and overall comfort when selecting undergarments, mainly when dealing with physical pain, swelling, 
tension, and discharge (D’Arcy et al., 2024). Although studies have shown positive outcomes in mobility following caesarean surgery 
using abdominal binders (Karaca et al., 2019), a survey of Malaysian plus-size caesarean patients reveals a clear preference against 
restrictive body binders. Instead, their preference lies in undergarments that offer comfort and convenience, helping to avoid the pain 
associated with compression garments and post-caesarean complications (Juliana Osman et al., 2022). Oversized panties are the most 
popular choice among this group despite their minimal compression strength. Their popularity is attributed to their availability in larger 
sizes, better fit, affordability, and comfortable materials (Juliana Osman et al., 2022). The popularity of oversized panties may also stem 
from the limited availability of undergarment options in plus-size sizing (Juliana Osman et al., 2022), highlighting the need for further 
design exploration to serve this target group better. 
 
2.3 Theoretical framework for plus-size caesarean undergarment design. 
 

0 
Fig. 1: The theoretical framework for plus-size caesarean undergarment design. 

(Source:) Juliana Osman et al. (2022) 
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A theoretical framework for plus-size caesarean undergarment design outlined the caesarean recovery challenges of plus-size patients, 
clothing comfort performance, undergarment design preferences, and an overall design outline (Juliana Osman et al., 2022). This theory 
originates from identifying Malaysian plus-size caesarean patients' post-caesarean challenges, particularly their undergarment 
preferences during recovery (Juliana Osman et al., 2022). Compression garments, such as the traditional bengkung and modern body 
binders, were expected to be the undergarments of choice. However, the lack of comfortable materials, an appropriate size range, and 
breathable designs and fabrics failed to meet the comfort needs of plus-size patients—especially when addressing issues like folded 
bellies, dampness, and mobility challenges (Juliana Osman et al., 2022). Theoretically, if undergarments were designed using 
comfortable materials, explicitly tailored for folded bellies, and provided mild compression for a snug fit while maintaining simplicity, they 
would be ideal for plus-size caesarean patients during confinement. The theoretical framework can be referred to in Fig. 1. below.  
 
 

3.0 Methodology 
This study used a mixed-mode method, which requires several important elements of prototype-making and wear and test sessions. An 
undergarment design was developed based on the design framework outlined by Juliana Osman et al. (2022), focusing on material 
comfort performance, the undergarment design to accommodate the folded belly, and a snug element for enhanced comfort. 

The prototype's materials—cotton spandex, cotton bamboo, and bamboo spandex—were chosen for their proven comfort 
performance, including breathability, air permeability, moisture management, and thermal comfort (Juliana Osman et al., 2023). A 
caesarean-centric undergarment design was also designed and produced. In order to accommodate plus-size body shapes, the 
prototypes were produced in sizes 2XL, 3XL, 4XL, 5XL, and 6XL, following the ASTM D6960/D6960M standard sizing for plus-size 
women (American Society for Testing and Materials, 2023). The prototypes were pre-washed and individually packed in plastic bags for 
hygiene purposes.  

Data were collected using a purposive sampling method (Amelia et al., 2024) on ten (n=10) (Santi & Sukarni, 2023) Malaysian plus-
size caesarean patients with a body mass index (BMI) of 25 and above (World Health Organization, 2024), within the reproductive age 
range of 20 to 49 years (Nurul Farehah Shahrir et al., 2021), were recruited for wear-and-test sessions and observations. A small-scale 
sample size was applied because plus-size caesarean patients fall into a high-risk group, and unnecessary contact with this target group 
is not advisable. Therefore, ten (n=10) respondents were deemed sufficient to validate the experiment's findings. Consent was obtained 
from each respondent before the experiment. The experiment was conducted at least 24 hours post-caesarean in Hospital Al-Sultan 
Abdullah, UiTM Puncak Alam, Malaysia, with the support of obstetrics and gynaecology (O&G) specialists. Given that the target 
respondents belong to a high-risk group, the hospital established a strict protocol, and test sessions were limited to a four (n=4)-hour 
duration to ensure the safety and comfort of the patients. Four hours are deemed sufficient for the test period based on Charisma et al. 
(2024) positive results of changing sanitary pads every four hours for genital hygiene practice. This duration allows the undergarment 
to be removed, and the comfort difference between wearing and removing the undergarment can be felt. Each participant was given 
one (n=1) new pair of undergarments to try on and was allowed to change size if the initial pair was deemed unsuitable. Subsequent 
participants did not reuse the undergarments used to maintain the sample’s integrity and prevent alteration from its original condition. 

During the wear-and-test session, a Likert scale (Robinson, 2024) was used to assess the undergarment's comfort performance 
during the first and fourth hours of the test period. The scale included ratings ranging from (1) Very Poor, (2) Poor, (3) Neutral, (4) Good, 
to (5) Very Good, focusing on clothing comfort, physical comfort, and psychological comfort. The ratings assessed breathability, material 
feel, pressure and support, sweat absorbency, and size suitability for clothing comfort. Regarding physical comfort, the ratings evaluated 
the comfort experienced while standing, sitting, lying down, walking, and with pressure on the skin. For psychological comfort, the ratings 
focused on the wearer’s perception of ease of putting on and taking off the undergarment, feelings of safety while wearing the 
undergarment, and its suitability for daily use. 
 
3.1 Limitations of study 
This study employs a framework-based testing approach. Therefore, the design and testing are guided by a specific theoretical 
framework without incorporating elements or frameworks from other studies. The data were collected specifically to assess the 
undergarment's comfort performance rather than its impact on caesarean recovery or other medical outcomes. Due to the unavailability 
of standard sizing for Malaysian plus-size clothing, the ASTM D6960/D6960M standard sizing was used for the prototype’s application.  
Following ethical guidelines, the test was conducted exclusively at Hospital Al-Sultan Abdullah, UiTM Puncak Alam, Malaysia, with an 
obstetrics and gynaecology (O&G) specialist as the appointed medical advisor throughout the test period. Due to the restricted test 
location and the limited availability of potential participants, respondents were selected based on Malaysian nationality and a BMI of 25 
and above without consideration of factors such as race, residency, or economic background. 
 
 

4.0 Findings 
 
4.1 Respondent’s parameters  
A total of ten participants (n=10) with a BMI of 25 or higher were selected for the study. Among them, one participant (n=1) was 
categorized as overweight, three participants (n=3) fell into the Obese Class I category, with BMIs of 30 and above, three participants 
(n=3) were classified under Obese Class II, with BMIs of 35 and above, and the remaining three participants (n=3) belonged to Obese 
Class III, with BMIs of 40 and above. While the number of participants is consistent across the Obese Class I, II, and III categories, the 
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differences in clothing size for each Obese category highlight the unique challenges faced by plus-size individuals. These challenges 
include issues related to body shape and the physical condition of the body, particularly involving an apron belly following a caesarean. 
As shown in Table 1 below, the sizes of the undergarments increased in line with the respondents' BMI. However, an interesting variation 
was observed when a respondent with a BMI of 44.0 selected a size 6XL, larger than the size 5XL chosen by a respondent with a BMI 
of 48.0. The data suggests that factors such as individual body type, post-caesarean body condition, and personal comfort preferences 
may have influenced the choice of undergarment size. 
 

Table 1. Respondent’s BMI and undergarment size 
Respondent BMI Size 

R1 29.2 2XL 
R2 31.0 2XL 
R3 32.0 2XL 
R4 34.0 3XL 
R5 35.0 3XL 
R6 36.0 3XL 
R7 37.0 3XL 
R8 43.3 4XL 
R9 44.0 6XL 
R10 48.0 5XL 

(Source:) Personal collection 

 
4.2 Prototype 
An undergarment design was developed based on the outline stated in the theoretical framework. Oversized panties are preferable due 
to their simplicity and comfort (Juliana Osman et al.,2022). Therefore, the prototype was designed based on the shape of oversized 
panties, featuring adjustable mild compression panels at the abdominal area to support the apron belly. The cotton spandex, bamboo 
spandex, and cotton bamboo fabrics (Juliana Osman et al., 2023) have proven suitable for applying the undergarment prototype due to 
their soft material feel and breathability.  
 
4.3 Clothing comfort 
By using the Likert scale of (1) Very Poor, (2) Poor, (3) Neutral, (4) Good to (5) Very Good, five clothing comfort factors were evaluated: 
breathability, material feel, pressure and support, sweat absorbency, and size suitability. The results showed improvements in all areas. 
Breathability increased from 4.4 to 4.7, indicating that the material was breathable, and the oversized design did not cause overheating 
or sweating. The material feel also improved, rising from 4.5 to 4.7, suggesting that the fabric was comfortable and preferred by wearers. 
Pressure and support increased slightly from 4.4 to 4.5, indicating that the light compression provided adequate support for the apron 
belly without being overly tight. However, the relatively lower rating suggests that the compression may not have been firm enough 
throughout the testing period. Sweat absorbency improved from 4.4 to 4.6, showing the material's effective moisture absorption. Size 
suitability increased from 4.3 to 4.4, with the initial lower rating reflecting that the fit of the oversized undergarment met expectations. 
 
4.4 Physical comfort 
Physical comfort was rated using the Likert scale of (1) Very Poor, (2) Poor, (3) Neutral, (4) Good, and (5) Very Good. No specific 
physical tests were conducted during this experiment, as respondents were allowed to resume their daily activities, with their physical 
movements observed throughout the test period. Observations showed positive results across all movements. Standing increased the 
rating from 4.5 to 4.6, indicating no obstruction or material movement. Sitting also rose from 4.4 to 4.6, showing no discomfort from 
material rolling or irritation. Lying down saw a similar increase from 4.4 to 4.6, confirming no physical discomfort. Walking increased 
from 4.5 to 4.6, indicating comfort during daily activities. The final test on the pressure felt on the skin showed a slight increase from 4.4 
to 4.5, suggesting mild compression but not firm enough to cause lasting discomfort, as reflected in earlier comfort ratings. 
 
4.5 Psychological comfort 
Psychological comfort plays a crucial role in determining the wearer’s perceptions of the overall design and wearability of the 
undergarment for plus-size caesarean patients. The Likert scale of (1) Very Poor, (2) Poor, (3) Neutral, (4) Good, and (5) Very Good 
was applied for the survey with final positive results. The ease of putting on and removing the garment increased from 4.6 to 4.7, 
indicating high wearability. The perception of safety remained consistent at 4.7 throughout the test, showing no pain or discomfort. The 
garment’s suitability for daily use was rated 4.8 at both the start and end of the test, suggesting it is highly functional and suitable for 
everyday wear. The simple design and cesarean-specific features make the undergarment convenient, comfortable, and safe for daily 
use. 
 
4.5 Wear-and-test result 
Based on the results, all comfort performance ratings increased from the first hour to the fourth hour of data collection, with the lowest 
rating being Neutral (3) and the highest rating being Very Good (5). Half of the respondents reported no change in their perceptions of 
comfort throughout the test period, while four (n=4) respondents experienced improved comfort after the fourth hour. One (n=1) 
respondent’s perception of comfort decreased, particularly during standing, walking, and pressure on the skin. The complete data 
collected from the respondents can be referenced in Fig. 2. 
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Fig. 2: Wear-and-test result: Comfort performance for plus-size caesarean undergarment design 

(Source:) Personal collection 

 
The mean comparison of comfort performance between the first and fourth hours of testing is shown in Fig. 3. The analysis reveals 

distinct differences in comfort levels related to various aspects. For clothing comfort, significant variations were observed in breathability 
and sweat absorbency, indicating the material's effectiveness in maintaining comfort over time. Regarding physical comfort, the 
undergarment performed best in sitting and lying positions, highlighting its adaptability to these postures. While there was an overall 
improvement in comfort across all categories, size suitability received the lowest rating, suggesting it may be an area for potential 
enhancement. On the other hand, design suitability for daily usage was rated the highest, emphasizing that the product's design is well-
suited for everyday wear. 
 

 
Fig. 3: Wear-and-test results for the first-hour and fourth-hour comfort performances. 

(Source:) Personal collection 

 
A paired sample t-test was conducted to analyze the comfort performance of the plus-size caesarean undergarment design 

between the first and fourth hours. The results indicate statistically significant differences in comfort performance, with a p-value of 
0.000 (Sig. 2-tailed), well below the commonly accepted threshold of 0.05. The result suggests a meaningful improvement in comfort 
performance during the testing period. The mean difference between the first and fourth hours was -0.13077, with a 95% confidence 
interval ranging from -0.18243 to -0.07911, supporting the conclusion that the undergarment's comfort performance improved 
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significantly. These findings reinforce the validity and reliability of the observed outcomes, as summarized in Table 2. 
 

Table 2. Paired Differences 

 Mean Std. Deviation 
Std. Error 

Mean 

95% Confidence Interval 
of the Difference 

t df 
Sig. (2-
tailed) Lower Upper 

Pair 1 1st hour mean -       
4th hour mean 

-.13077 .08549 .02371 -.18243 -.07911 -5.516 12 .000 

(Source:) Personal collection 

 
 

5.0 Discussion 
 
Comfort needs for plus-size undergarment design 
The collective data showed that the high wearability rating throughout the test period indicates a strong preference for a simple, oversized 
panty design. The undergarment did not cause discomfort for the patients, as it lacked firm compression, tight-fitting elements, or any 
additional hardware that could cause pain. The comfort and peace of mind provided by the prototype’s design positively influenced the 
outcome ratings for the other comfort performance factors tested. A relaxed, functional design can significantly enhance overall comfort 
during recovery. Given that compression garments have not significantly addressed recovery challenges during confinement (Juliana 
Osman et al., 2022), the theoretical framework-led prototype effectively fulfils the comfort needs of plus-size caesarean patients during 
recovery. Beyond the immediate findings on comfort and recovery, the simplicity and cost-effectiveness of the prototype carry significant 
implications for broader applications, particularly in low-resource settings. The cost-effective and accessible design of the undergarment 
enhances inclusivity for plus-size patients and supports a healthier, more positive, and comfortable recovery experience. The results 
from the study indicate that sizing and fit are complex issues, particularly for plus-size women in Malaysia. Since Malaysian women do 
not have standardized sizing, the prototype was developed based on ASTM D6960/D6960M, an American plus-size standard (American 
Society for Testing and Materials, 2023). However, this may not be suitable for the tested respondents, as Asian body types are generally 
smaller than Caucasian women (Hamid et al., 2024). This sizing mismatch could affect the garment's fit and comfort for Malaysian 
women, highlighting the need for adjustments to align with local body proportions.  
 
 

6.0 Conclusion and Recommendations 
Several preliminary steps were undertaken before testing the theory through the wear-and-test session by analyzing the theoretical 
framework of plus-size undergarment design (Juliana Osman et al., 2022). The preliminary steps included fabric selection (Juliana 
Osman et al., 2023), undergarment type choice, size determination, and prototype production. The success of the experiments confirms 
that the framework is practical and can be applied to future plus-size caesarean undergarment designs or caesarean-centric clothing. 
Since the results indicate that the prototypes are safe to wear, it is recommended that similar tests be conducted independently at home 
over a more extended period during the post-caesarean confinement period to evaluate the comfort performance of the prototypes for 
daily use. Additionally, more plus-size undergarment designs should be developed based on the framework and tested on a larger 
sample size to ensure their effectiveness for mass consumer markets. The wear-and-test results also highlighted a limitation in plus-
size sizing, indicating the need for further investigation into body shapes, types, and proportions through body measurement studies 
specifically focused on the Malaysian demographic. Exploring 3D scanning technology for collecting body measurement data is 
recommended, as it may offer greater accuracy in capturing body types and measurements across all sizes. Following the increase in 
caesarean cases each year (Nurul Farehah Shahrir et al., 2021) and the shift in confinement practice trends today (Juliana Osman et 
al., 2022), more easy-to-wear but functional designs should be further explored to accommodate the caesarean patient’s lifestyle. 
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Paper Contribution to Related Field of Study 
This paper makes a meaningful contribution to clothing design and women’s health, particularly in post-operative care for plus-size 
caesarean patients. The findings validate the critical need for specialized clothing designs that address the unique challenges women 
face during their recovery after a caesarean procedure. 
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