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Objective: To examine how product popularity and pricing are associated with customer satisfaction across pain-relief device types
on online e-commerce platforms.

Methods: A cross-sectional study was conducted to analyze pain-relief products from Amazon and Best Buy. Data were collected via
automated web scraping, verified, and categorized into 10 device types. Key variables including product names, prices, customer
ratings, and review volumes were assessed in multivariable regression models.

Results: A total of 378 distinct pain-relief products were analyzed. The median customer ratings for pain-relief devices varied significantly by
type, ranging from 3.2 to 4.5 (p < 0.001). TENS units and cold/heat therapy packs achieved the highest median ratings of 4.5 (4.3-4.6). In
contrast, hand/arm massagers received the lowest median rating of 3.2 (2.2-4.2). Pricing differences across device types were significant (p <
0.001), with neck stretchers being the least expensive (median: $29.99) and hand/arm massagers being the most expensive (median: $249.50).
Discussion: Although price and the number of reviews were not significant predictors of customer ratings in multivariable regression models,
significant interactions were observed between price and device type for hand/arm massagers (p < 0.001) and massage guns (p = 0.006).
Additionally, significant interactions between the number of reviews and device type were observed for hand/arm massagers (p = 0.004).
Conclusion: Although pricing and review quantity were not significant predictors of satisfaction for most devices, they did interact
with specific categories such as hand/arm massagers and massage guns. These findings indicate that customer satisfaction is driven
more by device-specific characteristics than by price or review volume.
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Introduction

Chronic pain affects hundreds of millions of individuals worldwide and has contributed to substantial growth in the
market for non-pharmacological pain-relief products.'** These products encompass a range of noninvasive modalities
including transcutaneous electrical nerve stimulation (TENS) units, infrared and red-light therapy devices, vibration or
percussive massage devices, cold/heat therapy packs, and posture or lumbar-support braces. Such technologies offer
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consumers with diverse avenues for managing pain while reducing reliance on pharmacological treatments, which are
often associated with side effects and other iatrogenic complications.** In parallel, the modern era of e-commerce has
transformed consumer behavior, offering platforms such as Amazon, as resources for accessing and evaluating health
products.”® Through user reviews and ratings, these platforms not only assist in assessing the real-world effectiveness
and usability of products but also help to gauge overall user satisfaction, enabling consumers to make more informed
decisions. This relationship between innovative non-pharmacological solutions and the accessibility of e-commerce-
driven consumer feedback reflects evolving trends in adjunctive pain management options.

Understanding customer review trends benefits consumers, manufacturers, and healthcare providers. Manufacturers can
optimize products using customer feedback and concerns, while buyers can make informed choices based on users’ experiences
and professional guidance. Previous research has highlighted the importance of customer reviews in understanding consumer
experiences with pain-relief products. For example, a study analyzed 1,589 chronic pain-related Amazon reviews across 1,098
products, using natural language processing to characterize review language, product categories, and comorbidities mentioned by
consumers. Their study highlighted that online reviews contain rich, real-world information about chronic pain experiences.’”
Other studies have examined how the claim of patients and healthcare practitioners influence the acceptance of home-based pain-
relief devices by using semi-structured qualitative interviews of older with chronic pain to identify three determinants including
awareness, appeal, and access of adopting nonpharmacologic treatments and found that individuals often preferred low-cost,
home-based modalities due to financial and logistical barriers.® Similarly, one study determined moderate to high levels of
acceptance of eHealth pain management interventions, driven by ease of use (p < 0.001), expected effectiveness (p <0.001), and
social influence (p < 0.001).” While these studies highlight important determinants of device acceptance and adoption, they do
not examined how key factors such as pricing (a potential contributor to financial barriers), popularity (a potential proxy for social
influence), and customer satisfaction interrelate across pain-relief products.

Given the gaps in the extant literature, there is a need to broaden the research scope to include more datasets of pain-
relief products and to explore the relationship between customer reviews, product pricing, and overall market popularity.
Based on established consumer-behavior theory, these variables are particularly meaningful. Pricing often serves as
a heuristic for expected product quality, consistent with the price—quality inference model, while review volume
functions as a proxy for social proof, influencing trust and perceived credibility.'® Although previous research has
focused on isolated aspects such as product efficacy or consumer satisfaction, few have systematically examined the
intersection of these factors in a manner that accounts for the rapidly expanding e-commerce marketplace, which has
transformed how individuals access and evaluate health-related products and underscores the need for further research.’
We aim to address this gap by analyzing pain-relief products on e-commerce platforms, focusing on device types,
customer reviews, average ratings, and pricing structures. The current study examines consumer preferences, pricing
strategies, and the association of user-generated content on purchasing behavior.

Methods
Study Design and Data Collection

This study employed a cross-sectional design to analyze top-selling pain-relief products from publicly available listings
on Amazon and Best Buy online. These platforms were selected due to their extensive consumer bases, established
reputation as major online retailers, and feasibility of retrieving data through a web-scraping process. Products were
identified using the search term “pain device” and selecting items ranked under the “best sellers” category as of
December 10, 2024, to prioritize the real products used by individuals and improve data reliability. Although this
approach may introduce sampling bias, it also minimizes the influence of products with extremely low review counts.
Many lower-visibility items had only a few reviews, producing highly unstable and non-representative ratings. The
dataset included a diverse range of devices such as TENS units, sciatica (radiculopathy) braces, laser therapy devices,
heating pads, massage guns, and other related products to ensure a comprehensive representation of pain-relief solutions.
Inclusion criteria consisted of products classified as pain device, availability of price and review data, and listing
accessibility at the time of extraction. As we used a complete dataset from publicly available product listings, a priori
sample size calculation was not conducted. We justified the sample size by referencing methodological guidance that
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emphasizes appropriateness of available data rather than formal power estimation consistent with recommendations for
observational studies.'! By utilizing this approach, we aimed to minimize selection bias and provide an unbiased
assessment.

Data Variables

The dataset comprised key variables, including product names, customer reviews, prices, and product types. Product
names and descriptions provided context for the intended use and features of each device. Customer reviews were
represented quantitatively by ratings on a 5-star scale and the number of reviews. Product prices after promotional
discounts or offers at the time of data extraction were recorded. Data were extracted on December 10, 2024, which served
as the data collection timeframe.

Data Extraction Process

An automated web-scraping process integrating ChatGPT (GPT-4.0)'? and the Python library Beautiful Soup version 4.12.2'°
was employed to extract data from Amazon and Best Buy product pages. This integration enabled dynamic adaptability to
variations in webpage layouts, ensuring consistent and reliable data retrieval. Product URLs were first collected, and Beautiful
Soup was utilized to parse the HTML structure of the pages, systematically isolating relevant elements. GPT-4.0 was then
prompted to refine and interpret the extracted data including product names, product types, prices, number of reviews, and
customer ratings, while filtering out irrelevant information such as advertisements and sponsored listings (Supplementary
Table 1). To ensure accuracy, validity, and consistency, the extracted data were manually cross-checked by two authors (R.
P. and P.K). The cleaned dataset was formatted into a structured CSV file, containing key variables including product name, type,
price, customer rating, number of reviews, and platform under the websites’ terms of service.

Data Analysis

Products were classified into 10 device types: TENS units, heating pads, neck stretchers/cervical traction devices, back braces
and support belts, sciatica braces, red light therapy devices, massage guns, cold/heat therapy packs, foot and leg massagers,
and hand/arm massagers. Device classification was based on functional characteristics, device descriptions, and FDA product
codes. We aimed to classify products into distinct categories while maintaining sufficient statistical power given the limited
sample size. For example, although massage guns, foot and leg massagers, and hand/arm massagers are all classified under
“Massager, Therapeutic, Electric” (ISA, 21 CFR 890.5660, Class I) by the FDA, they were identified separately in our study.
Back braces and sciatica braces were grouped based on their shared orthopedic functions due to limited sample size. Other
devices were directly mapped to unique FDA categories: TENS units (GZJ, 21 CFR 882.5890, Class II), heating pads (IRT, 21
CFR 890.5740, Class II), cervical traction devices (ILH, 21 CFR 890.5900, Class II), red light therapy devices (ILY, 21 CFR
890.5500, Class II), and reusable hot/cold therapy packs (IME, 21 CFR 890.5700, Class I). Descriptive statistics were used to
summarize ratings, prices, and review volumes across device types. Continuous variables were reported as medians with
interquartile ranges, while categorical variables were summarized as frequency and percentage. Data distributions and trends
were visualized using box plots and scatter plots.

Differences in ratings and prices across device types were assessed using the Kruskal-Wallis’s test. Spearman’s rank
correlation coefficient was used to evaluate non-linear relationships between price and customer ratings. A generalized
linear model (GLM) with a Gaussian family was used to examine the association between predictors and customer
ratings using both univariable and multivariable approaches. A multivariable GLM was conducted to identify predictors
of customer satisfaction, with subcategories of device type included as a predictor. Interaction terms were incorporated
into the multivariable regression model to explore potential interactions between device types and other predictors.
Model assumptions included linearity of predictors, independence of observations, and an appropriate error distribution,
with diagnostic checks performed using residual analysis and multicollinearity assessment using variance inflation factors
(VIF). VIF were calculated following ordinary least squares regression. All statistical analyses were conducted using
STATA 18.0 (STATA Corp, College Station, TX). Results were presented with 95% confidence intervals, and statistical
significance was set at p < 0.05 for all two-tailed tests.
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Results

Customer Ratings and Popularity in Pain-Relief Products

Of the 391 identified pain-relief products, a total of 378 were included. The 13 products excluded from the analysis were
omitted due to missing data, primarily because they were recently listed and lacked customer reviews or ratings. The median
customer ratings for pain-relief products ranged from 3.2 to 4.5 out of a possible 5.0 across various device types (Table 1).

TENS units and cold/heat therapy packs had the highest median ratings and the narrowest interquartile range, with
a value of 4.5 (4.3-4.6). Hand/arm massagers had the lowest median rating and the widest interquartile range, with
a value of 3.2 (2.2-4.2). Customer ratings differed significantly across device types (p < 0.001, n? = 0.096).

The number of reviews varied significantly across device types (p < 0.001, p =-0.030). Red light therapy devices had
the highest number of reviews (n = 164), while hand/arm massagers had the fewest (n = 2). The median number of
reviews ranged from 11 (hand/arm massagers) to 968 (TENS units). The scatter plot of the number of reviews and
customer ratings illustrated a weak positive correlation, with most products clustered at lower review counts (< 1,000)
and ratings around 4 (Supplementary Figure 1). Several products with very high review numbers (> 60,000) maintained

ratings above 4. The univariable regression analysis revealed that the number of reviews was not a statistically significant
predictor of score (p = 0.109). Multiple linear regression analysis also demonstrated that the number of reviews was not
a significant predictor of customer ratings in the family Gaussian model (p = 0.116) and GLM (p = 0.926).

Pricing Trends in Pain-Relief Products

The median prices of pain-relief devices vary across types, ranging from $29.99-$249.50 (Table 1). Neck stretchers/
cervical traction had the lowest price, with a median price of $29.99 ($23.75— $89.99), while hand/arm massagers had the
highest price, with a median of $249.50 ($99-$400). Cold/heat therapy packs had the smallest interquartile ranges with
a median of $59.99 ($49.99-$87.99). The differences in pricing across device types were statistically significant
(p < 0.001, > = 0.194).

Pricing and Customer Ratings

Hand/arm massagers, the most expensive devices at a median price of $249.50 ($99-$400), had the lowest customer
rating (3.2). In contrast, lower-priced products such as TENS units ($69.97 ($35.99-$109.99)) and cold/heat therapy
packs ($59.99 ($49.99-$87.99)) received the highest ratings (4.5) (Table 1). Spearman correlation analysis revealed

Table | Product Categories, Pricing, Customer Ratings, and Review Volume for Pain-Relief Devices (n = 378)

Product Type Number of Price (USD) Number of Reviews Customer Ratings*
Products, n (%)

TENS units 19 (5.0%) 69.97 (35.99-109.99) 968 (104-2601) 4.5 (4.34.6)
Heating pads 15 (4.0%) 59.99 (26.99-99.99) 338 (66—2062) 4.1 (4.04.4)
Neck stretchers/ cervical traction 50 (13.2%) 29.99 (23.75-89.99) 78.5 (21.5-374.5) 4 (3.84.3)
Back braces and support belts 23 (6.1%) 109.99 (31.99-139.99) 39 (7-138) 4 (3442
Sciatica braces 4 (1.1%) 57.47 (27.49-167.47) 78 (54-5020) 3.7 (3.44.1)
Red light therapy devices 172 (45.5%) 137 (97.45-169.50) 42 (20-170) 4.2 (4.04.4)
Massage guns 27 (7.1%) 109.99 (37.99-249) 18.5 (8-65.5) 4.3 (4.04.7)
Cold/heat therapy packs 15 (4.0%) 59.99 (49.99-87.99) 22.5 (3-50) 4.5 3.44.6)
Foot and leg massagers 51 (13.5%) 124.99 (79.99-359.99) 140 (25-1337) 4.3 (4.24.7)
Hand/arm massagers 2 (0.5%) 249.5 (99-400) 11 (3-19) 3.2 (2.242)

Note: *Data were presented in median (IQR) format.

Abbreviation: TENS, transcutaneous electrical nerve stimulation.
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Table 2 Multivariable Generalized Linear Regression Examining the Association Between Pain-Relief Product Type and
Customer Ratings, Including Interaction Terms with Price and Number of Reviews, and Variance Inflation Factors

Variables Coefficient P VIF P-Interaction P- Interaction
[95% CI] (price) (Reviews)

Product type

Heating pads —0.272 [-0.616, 0.072] 0.120 1.65

Neck stretchers/ cervical traction —0.422 [-0.683, —0.160] 0.002* 3.15

Back braces and support belts —0.560 [-0.860, —0.261] <0.001* 2.15

Sciatica braces —0.706 [-1.229, —0.183] 0.008* 1.20

Red light therapy devices —0.233 [-0.469, 0.003] 0.053 5.34

Massage guns —0.250 [-0.558, 0.058] 0.111 1.99 <0.001*

Cold/heat therapy packs —0.479 [-0.883, —0.074] 0.020* 1.42

Foot and leg massagers —0.094 [-0.355, 0.168] 0.482 3.04

Hand/arm massagers —1.265 [-1.971, —0.558] <0.001* I.11 0.006* 0.004*
Price 0.0001 [-0.0002, 0.0003] 0.615 I.11
Number of reviews 0.0000004 [-0.0000081, 0.0000089] 0.926 1.08

Note: Asterisk (*) denotes a statistically significant result (p < 0.05).
Abbreviation: VIF, variance inflation factor.

a weak positive association between price and customer ratings (p = 0.159, p = 0.003). Similarly, the scatter plot for price
and customer ratings yielded a weak positive correlation, with most products clustered in the lower price range and
receiving ratings between 4 and 5 (Supplementary Figure 2). However, the univariable regression analysis revealed that

price was not a statistically significant predictor of customer ratings (p = 0.109). This finding was further supported by
multiple linear regression analysis, where price remained non-significant in both the family Gaussian model (p = 0.413)
and GLM (p = 0.615).

Association of Product Features with Customer Ratings
Price and number of reviews were not significant predictors in the analyzed models (Supplementary Table 2). However,

statistically significant differences in customer ratings compared with TENS were observed for hand/arm massagers (p <
0.001), cold/heat therapy packs (p = 0.02), neck stretchers/cervical traction (p = 0.002), back braces and support belts (p
< 0.001), and sciatica braces (p = 0.008). Interactions were observed between price and device type for hand/arm
massagers (p < 0.001) and massage guns (p = 0.006), as well as between review numbers and device type for hand/arm
massagers (p = 0.004). The mean VIF was 2.11 with an overall low level of multicollinearity (Table 2).

Discussion

The current study is the first to examine the factors associated with customer satisfaction ratings in e-commerce for
noninvasive, nonpharmacological devices used to manage pain. Although prices and the number of reviews differ across
products, these factors were not significantly associated with customer ratings. An exception was observed in certain
products, such as hand/arm massagers and massage guns, for which the interaction with price was determined to be
statistically significant. For hand/arm massagers, an increase in price was associated with a decrease in customer ratings,
whereas for massage guns, an increase in price was associated with higher customer ratings. The distinct and unique
relationship of each product suggests that individual factors are more closely associated with customer ratings than
a unified perception of pain-relief products.
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Our findings suggest that customer satisfaction is linked to other factors than to pricing or review quantity. TENS
units received the highest score with the lowest variability in customer ratings, potentially reflecting their perceived
effectiveness. We hypothesize that for TENS units, high satisfaction ratings are more strongly associated with their
perceived therapeutic benefit—potentially relating to supporting clinical evidence supporting its efficacy—than with
extrinsic factors such as price or the number of customer reviews.'®'? For cold/heat therapy packs, the observed decline
in ratings with increasing price may reflect a perceived low price—value relationship rather than diminished product
quality. This pattern aligns with perceived value theory in behavioural economics, in which consumers assess satisfaction
based on the balance between utility and cost.'”

In contrast, hand/arm massagers demonstrated lower customer satisfaction with greater variability, which may be
associated with discrepancies between consumer expectations and actual product performance. These discrepancies could
be related to factors such as limited supporting clinical evidence or device features.'* Moreover, our analysis revealed that for
hand/arm massagers, price and the number of reviews were significantly associated with customer ratings. In the absence of
effective pain-relief, customers may rely on secondary factors, such as price, when rating products rather than solely assessing
effectiveness. Some evidence suggests that consumers use price as a heuristic for satisfaction, reasoning that a lower-cost
purchase may justify suboptimal performance.'® Beyond individual purchasing decisions, broader financial factors are also
associated with device adoption. Many pain-relief devices require out-of-pocket purchase or may not be reimbursed by
insurance. Research on non-pharmacologic pain management in older adults has identified cost and limited availability as key
barriers to use.'* These financial constraints highlight the need for further investigation into how affordability and accessibility
impact patient decision-making and health outcomes in chronic low back pain management.

Limitations

Our study has several limitations that should be considered. Firstly, we rely on customer reviews as the primary outcome
of interest, which is a subjective measure. This introduces the potential for biases in online reviews, such as selection bias
or skewed ratings from customers with extreme experiences. Additionally, we did not conduct a qualitative analysis of
individual comments, including length, depth, and specificity, to investigate the root causes behind customer ratings. We
also conducted the research under the presumption that the reviews reflected authentic individual feedback rather than
content generated automatically or by non-human algorithms. This limits our ability to identify specific factors
contributing to customer satisfaction. Another limitation is the potential presence of non-genuine or incentivized reviews.
Some online ratings could be influenced by vendor requests or benefits offered to reviewers, and we were unable to verify
the authenticity of individual reviews using publicly available data. Moreover, our study does not account for customer
demographics, such as age, gender, or physician-diagnosed health conditions, which may significantly influence
expectations and satisfaction levels. Understanding these factors would provide more nuanced insights into customer
perceptions. Lastly, our study captures a snapshot of customer ratings and reviews at a specific time point. This cross-
sectional approach does not account for changes over time, such as product improvements, shifts in marketing strategies,
seasonal purchasing behaviors, and cannot establish causal relationships.

More prospective studies are needed to validate the consumer-reported claims observed in our study by addressing
these limitations. Future research should also incorporate qualitative analyses of individual review content, integrate
device-level design characteristics, and examine rating dynamics longitudinally to better understand the drivers of
customer satisfaction. Linking user ratings with clinical evidence and employing methods to detect fraudulent or
automated reviews would further enhance the robustness of future evaluations.

Conclusions

While pricing and review quantity were not significant predictors of satisfaction across most devices, these factors
interact with specific devices, such as hand/arm massagers and massage guns, and play a role in customer ratings. These
findings underscore that customer satisfaction is not governed by a single variable but rather influenced by a combination
of product-specific factors. Al-enhanced web scraping offers an efficient method for extracting insights from online
reviews, guiding manufacturers toward improving product design and performance rather than focusing solely on pricing
strategies.
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