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Introduction/Background: 

Pruritus is a prominent symptom in many systemic (e.g. renal failure, cholestasis) and dermatologic (e.g. 

urticaria, xerosis) conditions. Atopic dermatitis (AD) is characterized by the itch-scratch cycle, whereby 

the reflexive scratching leads to greater skin inflammation and worsens pruritus. Itch in AD has also 

been associated with certain stages of the circadian rhythm. Therefore, an objective method of 

measuring nocturnal scratching behavior as a proxy for itch symptom severity would prove useful and 

insightful in the management of a patient’s AD. 

Objectives: 

The purpose of this study is to validate the performance of a novel wearable sensor, the advanced 

acousto-mechanic (ADAM) device, in regards to detection of nocturnal scratching behavior in pediatric 

and adult populations with AD. The sensor is able to detect both the accelerometer data (movement in 

space) and acoustic data generated by finger and wrist movements in scratching. Performance metrics 

used to evaluate the sensor include sensitivity, specificity, positive predictive value (PPV), and F1 score 

(combination of precision and recall). The sensor’s performance was compared to video recordings, the 

gold standard for objectively measuring scratch.  

Methods: 



A total of 60 healthy adult subjects (22 males and 38 females) were recruited and asked to perform a 

series of scratching behaviors and non-scratching behaviors while wearing the ADAM sensor on their 

dorsal hand using a one-use adhesive in a controlled environment. The data were used to create a 

machine-learning algorithm for scratch detection and validation in both a pediatric and adult AD cohort. 

Individuals with mild-to-severe AD were recruited to monitor their nocturnal scratching behavior in the 

home environment. An infrared camera was provided for each subject to record the patient’s scratching 

and compared to data collected by the ADAM sensor worn on the subject’s dominant dorsal hand. Video 

recordings were graded for scratching activity by at least 2 graders; scratch was defined as lasting at 

least 4.5 seconds. The scratch algorithm’s classification of scratch and non-scratch was then compared 

to the gold standard video recording and generated performance metrics.  

Results: 

The initial scratch algorithm yielded sensitivity of 88%, specificity of 88%, and F1 score of 90% when 

cross-validated with data from 10 healthy adult subjects. When cross-validated with data from all 60 

healthy adult subjects, the algorithm yielded a sensitivity of 92%, specificity of 98%, and F1 score of 95%. 

A total of 11 pediatric AD subjects (1:3 male-to-female ratio, ages 10.5±9.1) and 46 nights of data were 

collected in the home setting, yielding a total of 378.4 hours of video. The scratch algorithm was able to 

detect scratching behavior with sensitivity of 84%, specificity of 99%, and F1 score of 83% in the 

pediatric cohort. In the adult cohort, a total of 11 adults with atopic dermatitis (two males and nine 

females, ages 29±13) and 73 nights of data were collected, resulting in a total of 457.7 hours of video. 

When the data was applied to the scratch algorithm, the algorithm yielded a sensitivity of 93%, 

specificity of 100%, and F1 score of 91%.   

Conclusions: 

The use of a flexible wearable sensor on the dorsal hand for detection of nocturnal scratching behavior 

in both pediatric and adult subjects with atopic dermatitis can provide valuable information regarding 



the degree of scratching and severity of pruritus the wearer is experiencing when compared to video 

recording. Its ability to serve as an accurate objective measure of itch may be helpful in drug 

development and can help serve as a tool to guide clinical management of symptoms. 
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Table 1. Performance metrics of the ADAM sensor and scratch detection algorithm in both pediatric and 

adult subjects with atopic dermatitis. 

 

Figure 1. Advanced acousto-mechanic (ADAM) sensor worn on the dorsal hand along the 2nd digit 

metacarpal bone for scratch signal detection. 
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Cohort F1 Sensitivity Specificity Accuracy Precision 

Initial Scratch Algorithm (n=10 
healthy subjects) 

90% 88% 88% 89% 94% 

Final Scratch Algorithm 
Development (n=60 healthy 
subjects) 

95% 92% 98% 96% 97% 

Nocturnal Scratch Pediatric AD 
Subjects  

83% 84% 99% 99% 83% 

Nocturnal Scratch Adult AD 
Subjects 

91% 93% 100% 95% 89% 
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