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Analyzing Multimodal Signals with Wavelet Scattering for Pain 
Detection in Physiotherapy

Abstract
Surgery that is successful but uncomfortable is facial treatment. In order to modify your treatment and prevent tissue damage, the physiotherapist 
needs to know how much pain you are experiencing. We have developed a method due to the necessity of automated pain-related reaction 
assessment in physiotherapy and the subjectivity of a self-report. Using a multimodal data set, we calculate the feature vector, which also includes 
the coefficients of the wavelet scattering transform. The AdaBoost classification model differentiates between no pain, moderate pain, and severe 
pain. The assumption that is made in our survey is that every patient will react to pain in a different way and be more or less resistant to it. The 
outcomes show how different pain feels for each patient. In addition, they demonstrate that multiclass evaluation outperforms binary recognition.
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Introduction

The sensory, emotional, cognitive, and social aspects of actual or potential 
tissue damage lead to the distressing sensation of pain. These aspects indicate 
that pain is subjective. The same stimulus with the same duration, source, and 
location can cause multiple reactions in patients. As a result, rather than using 
numerical measures like pain intensity ratings or pain threshold levels, pain 
should be evaluated in a personal context and with meaning. Self-reporting 
pain may also be difficult for some patients, such as young children, people 
with intellectual disabilities, critically ill or unconscious people, and adults with 
advanced dementia. Other sounds, gestures, head positions, and eye blinks can 
be used by patients to self-report pain in these situations, but the information they 
receive may be skewed by a clinician's lack of experience or uncertainty regarding 
the response. The difficulties of pain assessment led to the development of 
automatic pain monitoring systems.

Literature Review

There have been a number of studies on automatic pain monitoring systems. 
They differ based on the type of data collected, the cause of pain, and the method 
used to measure the patient's subjective pain rate. Numerous of them were based 
on freely available data sets. 90 healthy adults' data are included in the BioVid Heat 
Pain Database. The experiment was built on top of the calibration procedure and 
a carefully planned set of four-level thermal stimulation. The database contains 
the biopotentials listed below: electromyography of the corrugator, zygomaticus, 
and trapezius muscles (EMG), electrocardiography, and electrodermal activity 
(EDA) are all forms of electroencephalography. Additionally, depth maps and 
a video of the subjects' faces were obtained. An approach for continuously 
estimating pain intensity in a person-independent setting was presented in. The 
authors emphasized that the BioVid Databases' ability to recognize pain without 
requiring personalization is effective. Biosignals and video features were utilized. 
An algorithm for regression based on recurrent neural networks was presented 
in. A collection of various modalities was gathered for inclusion in the X-ITE Pain 
Database.

Along with ECG, EMG, EDA, and video of the face and body, thermal video 
data and audio signal are also included. Additionally, the survey utilized two 
sources of pain: heat and electrical stimuli. In, short/phasic stimulation was found 
to be more effective than long/tonic stimulation. The effectiveness of combining 
various modalities was also evaluated. Despite the relatively recent database 
(2019), the research is still ongoing. 129 people who had shoulder pain provided 
information to the UNBC-McMaster Shoulder Pain Database. The study plan 
assumed eight motion tests. During the passive tests, a physiotherapist moved 
the patient's limb, but during the active tests, the patient stood. The pain was 
evaluated using a self-report and an offline independent rating based on a scene 
video after the examination. Additionally, the face was captured on video. For 
pain intensity regression, the authors of this paper suggested using a CNN 
(convolutional neural network). The spatiotemporal information from face videos 
was used in. The authors compared the performance of descriptors on the BioVid 
and UNBC-McMaster databases [1,2].

EmoPain and UNBC-McMaster research appears to address the need for 
pain monitoring in physiotherapy. We were able to estimate the level of pain 
experienced by patients with shoulder pain during motion tests by utilizing face 
activity descriptors. For a two-class problem, the authors claim an accuracy of 
92 percent. Both healthy participants and patients with chronic musculoskeletal 
pain were examined. The study protocol included exercises for sitting to 
standing and full trank flexion. The authors were able to identify three-class 
pain levels with an accuracy of approximately 70–95% by utilizing kinematic and 
electromyographic (EMG) features. It was discovered that people with chronic 
pain change how they exercise, such as by using different parts of their bodies 
for fear of hurting themselves. As a consequence of this, movements of the body 
reflected protective responses to pain. The emotional state (such as fear of pain, 
anxiety, or demotivation) strongly influences the efficacy of self-exercise-based 
therapy. There are numerous reasons why manual therapy is superior to physical 
exercise. The patient sets his or her own parameters for physical exercise, which 
may impact how bad the pain is.

Facial therapy relies heavily on the physiotherapist's intuition and experience 
because it is a direct intervention in the patient's tissue. Protective behaviors are 
not displayed by the patient because the patient has no control over the external 
cause of the pain. Additionally, it was observed that this particular procedure 
frequently results in unexpected pain. It makes fascial therapy inapplicable to 
the aforementioned methods for assessing pain. It is one of the treatments for 
musculoskeletal pain syndromes that are caused by overload (mostly because the 
position must be held for a long time). Its goal is to make the muscles more flexible 
and loosen up. These objectives are accomplished through slow movement along 
the muscle fibers and point pressure or deep rubbing. It improves blood flow by 
increasing tissue oxygenation. The physiotherapist transmits a customized set 
of variable stimuli through their hand in terms of strength and plane during the 
therapy course. During its performance, it is necessary to warm up tissues from 
the superficial to the deeper ones. This effect is produced by gradually increasing 
the strength and intensity of the stimulus. The range of force that could hurt 
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the patient should not be exceeded during the procedure. In a therapy that is 
not supported by a pain monitoring system, the only measure that can provide 
real-time feedback on the intensity of the therapy is nociceptive pain information.

Discussion

Rapid behavioral responses like sighing, bracing, and grimacing are linked 
to this test. The risk of tissue damage and sensitive patient reactions in patients 
who are resistant to treatment could have a negative impact on the therapy's 
success. Consequently, using an automated pain assessment system may help 
ensure the safe and effective delivery of the therapy. Additionally, such a system 
may help keep the patient from becoming irritated by the constant requests 
regarding perceived pain intensity. As far as we are aware, no studies have been 
conducted on pain-related reaction monitoring during manual physiotherapy. The 
goal of this study is to create a pain-related reaction (PRR) assessment tool that 
can be used with facial therapy. During physiotherapy, a multimodal setup that 
was designed and implemented is used to acquire and synchronize patient data. 
Using an advanced signal analysis method and feature extraction in the time and 
frequency domain, a vector is subjected to a classification procedure that enables 
the detection of PRR level changes that may not be visible in every registered 
signal. This makes it possible to find such changes. In different patients, the pain-
related changes in various signals appear differently. To distinguish between mild, 
moderate, and severe pain, a patient-centered approach has been developed 
[3-6].

Conclusion 

Individual reactions of the patients were observed. Some of them showed 
a lot of emotion with their faces, while others showed almost no emotion at all. 
Despite the fact that some single modalities appear to adhere to the PRR level 
well, there may be a range of reliability in them. For example, when pain started, 
EDA changed very much, but the signal also shows how the brain responded to 
emotions. Consequently, it appears that the multimodal dataset and feature fusion 
are heavily utilized in PRR assessment. Aside from that, it's important to note that 
the majority of the experiments didn't use 10-fold cross-validation but rather one 
patient out. It demonstrates that physiotherapy patients are unable to adapt to 
pain. As a result, a subject-subordinate solution to this problem is desired. As 
a result, the patient-specific model will be developed in our subsequent work. 
The personalized model will likely make it possible to examine the subjective 
patient response in greater depth and increase efficiency. Additionally, in manual 
physiotherapy, attempting to identify more than three classes may perform better 
and provide a more accurate representation of the nature of pain.
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