
18th Quantitative InfraRed Thermography Conference

Assessment of Abductor Pollicis Brevis Muscle Responses to Cold Stress using IR
Thermography and Myotonometry

by Abduselam Endris Hassen*, Deepa S Hiremath*, Abhijit Chaudhuri**, P A Karthick***, Ramakrishnan Swaminathan*

∗ Indian Institute of Technology Madras, Non-Invasive Imaging Diagnostic Laboratory, Chennai, India
∗∗ Indian Institute of Technology Madras, Fluid Mechanics Division, Chennai, India
∗∗∗ National Institute of Technology Tiruchirappalli, Physiological Measurements and Instrumentation Laboratory,

Tiruchirappalli, India

Abstract

Carpal Tunnel Syndrome (CTS) results from compression of the median nerve at the wrist, impairing the function
of the Abductor Pollicis Brevis (APB). Early diagnosis remains challenging, as conventional assessments often detect dys-
function only at advanced stages. This study assessed the APB muscle of 21 healthy volunteers under cold stress, with
recovery monitored at 5, 10, 15, and 20 minutes using infrared thermography and myotonometry. Thermal and mechan-
ical responses were characterized and correlated, with rewarming predominantly occurring between 10 and 15 minutes.
Findings suggest that multimodal, noninvasive assessment holds promise for early evaluation of superficial muscles.

1. Introduction

The abductor pollicis brevis (APB) is a superficial thenar muscle located at the base of the thumb. It plays a
fundamental role in thumb abduction, opposition, and fine motor control of the hand [1]. Due to its superficial location
and functional importance, the APB is particularly suitable for non-invasive biomechanical and physiological assessment.
The muscle is innervated by the recurrent branch of the median nerve and is therefore highly sensitive to pathological
changes affecting median nerve function [2]. Among disorders affecting the hand, carpal tunnel syndrome (CTS) is the
most common entrapment neuropathy and occurs when the median nerve is compressed within the carpal tunnel at the
wrist. Progressive nerve compression can lead to numbness, paresthesia, nocturnal pain, reduced grip strength, and
impaired hand function [3]. Because the APB is exclusively innervated by the median nerve, it is often one of the first
muscles to exhibit weakness, loss of function, and eventual thenar atrophy in CTS patients. Consequently, assessment of
the APB has become an important component of the clinical evaluation and monitoring of median nerve disorders.

A variety of techniques have been employed to assess APB function and integrity. Electrophysiological investiga-
tions, electromyography (EMG), and nerve conduction studies (NCS), are the clinical gold standard for evaluating median
nerve dysfunction and muscle electrical activity [4]. Although these methods provide valuable information regarding neural
conduction, they primarily assess electrical function and offer limited insight into muscle mechanical properties, vascular
responses, or thermal regulation. Furthermore, electrophysiological examinations may be time-consuming and uncom-
fortable for patients. Imaging-based approaches have therefore gained increasing attention. Ultrasound and magnetic
resonance imaging (MRI) can identify structural changes such as thenar muscle atrophy, alterations in muscle architec-
ture, and median nerve abnormalities [5]. Ultrasound shear-wave elastography (SWE) has also been applied to quantify
muscle stiffness; however, measurements are influenced by operator experience, probe positioning, tissue depth, and
equipment-specific factors, which may affect reproducibility [6]. MRI provides excellent anatomical detail but is expensive,
non-portable, and unsuitable for repeated dynamic measurements during physiological interventions.

Myotonometry is a tool that can be used for evaluating mechanical properties of skeletal muscles. Through a short
mechanical shock introduced to the skin area, the device analyzes the oscillations created and determines muscle biome-
chanical properties like muscle tone, stiffness, elasticity, muscle relaxation time, and muscle creep [7, 8]. Higher stiffness
values indicate greater resistance to deformation, whereas lower values reflect a more compliant muscle state. Previous
studies have demonstrated that myotonometry can reliably quantify the mechanical properties of the thenar musculature,
supporting its use for assessment of small superficial muscles such as the APB [9]. Its portability, rapid acquisition time,
and non-invasive nature make it particularly attractive for repeated measurements in experimental and clinical settings.

In parallel with biomechanical assessment, infrared thermography (IRT) has become an established method for
evaluating thermal and vascular responses of peripheral tissues. By recording naturally emitted infrared radiation from the
skin surface, IRT generates temperature maps that reflect underlying blood flow, autonomic regulation, and thermoregula-
tory function [10]. In patients with CTS and other peripheral disorders, altered thermal patterns and asymmetrical tempera-
ture distributions have been reported, suggesting disruption of normal vascular regulation and neural control mechanisms.
Unlike contact-based measurement techniques, IRT provides a rapid, non-contact, and spatially resolved assessment of
physiological changes occurring across the hand. Dynamic thermography following cold stress has proven particularly
useful for investigating vascular reactivity and microcirculatory recovery. Exposure to cold induces peripheral vasocon-
striction and a reduction in skin temperature, while subsequent rewarming reflects vascular responsiveness and blood-flow
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recovery [11]. Previous studies have shown that healthy individuals typically return toward baseline temperature within
several minutes after cold exposure, whereas delayed thermal recovery may indicate impaired vascular or autonomic func-
tion [12, 13]. Similar approaches have been used to evaluate hand-arm vibration syndrome, repetitive occupational hand
loading, inflammatory disorders, and other conditions affecting peripheral circulation [14].

Cold water immersion (CWI) provides a standardized and reproducible method for inducing controlled thermal
stress. Water temperatures between approximately 8°C and 15°C are commonly used in physiological and recovery
studies because they effectively reduce tissue temperature and peripheral blood flow while remaining tolerable for par-
ticipants [15, 16]. The resulting vasoconstriction, decrease in tissue temperature, and subsequent rewarming process offer
a valuable framework for studying thermoregulatory and biomechanical adaptations [17, 18, 19]. Application of a local-
ized cold-stress protocol to the APB region therefore provides a unique opportunity to investigate the interaction between
muscle mechanical properties and thermal recovery in a controlled setting. Although both myotonometry and infrared ther-
mography have independently demonstrated value in evaluating muscle and vascular function, studies combining these
modalities remain scarce. The techniques provide complementary physiological information: thermography reflects super-
ficial thermal recovery and microvascular regulation, whereas myotonometry quantifies changes in muscle tone, stiffness,
and viscoelastic behavior. Integrating both approaches may therefore provide a more comprehensive understanding of
APB responses to cold stress than either method alone.

Accordingly, the present study investigates thermal and biomechanical recovery of the abductor pollicis brevis
following localized cold-water exposure using infrared thermography and myotonometry. By tracking changes in skin tem-
perature and muscle mechanical properties at multiple post-cooling time points, this study aims to characterize the phys-
iological response of the APB to cold stress and explore potential relationships between vascular recovery and muscle
stiffness in healthy volunteers.

2. Materials and Methods

2.1 Volunteer Information and Experimental Setup

Twenty one healthy volunteers (12 males and 9 females) participated in this study. The age of the participants was
25 ± 4 years. Volunteers with a history of upper-limb musculoskeletal disorders, peripheral vascular disease, neurological
conditions, or recent hand injuries were excluded from participation. This study adheres to the Declaration of Helsinki
and has obtained approval from the institutional ethics committee (Approval ID: IEC/2026/RS-02/01/422). Prior to data
collection, all volunteers rested in a seated position for 20 minutes in a temperature-controlled laboratory maintained at
approximately 22 ◦C. This acclimatization period minimized the influence of previous environmental exposure and allowed
thermal equilibrium to be established before baseline measurements [12].

2.2 Infrared Thermography and Myotonometry Measurements

Thermal images are acquired using a Meditherm IRIS infrared camera which has thermal sensitivity of 0.1 ◦C
and a spatial resolution of 320 × 240 pixels. The camera was mounted on a tripod at a height of approximately 1.3m
and positioned 0.75m from the participant. This configuration ensured a clear view of the wrist, hand, and thumb region
throughout the experiment. The APB muscle belly is identified using SENIAM guidelines. The region of interest (ROI)
corresponded to the belly of the abductor pollicis brevis (APB) muscle. Thermal images were recorded at baseline and
during the post-cooling recovery period. Three images were acquired at each measurement time point and analysed using
MedHot software. The average temperature of the APB region was used for subsequent analysis.

The biomechanical parameters of the APB muscle were measured using a MyotonPRO apparatus. The tip of the
instrument was placed perpendicularly onto the skin surface above the APB muscle belly. A preload force of 0.18N was
applied to keep a contact between the probe and the skin surface; afterwards, an impulse force of 0.4N for 15ms was
delivered. Parameters such as muscle tone, stiffness, elasticity, relaxation time, and creep were determined based on the
recorded oscillatory movement [9, 20, 8]. Three repetitions of the measurements were performed, and their mean was
calculated for analysis.

2.3 Cold Stress Protocol

A localized cold-stress protocol was employed to evaluate the thermal and mechanical recovery characteristics
of the APB muscle. Volunteers immersed their dominant hand in water maintained at 10 ◦C – 12 ◦C for 5 minutes, after
which the hand was removed and allowed to recover naturally under ambient laboratory conditions. Thermal images and
myotonometric measurements were obtained at the following time points: Baseline condition (pre-cold stress), post cold
stress 5, 10, 15, 20 minutes interval. These measurements enabled assessment of both the thermal rewarming process
and the recovery of muscle mechanical properties following cold exposure.
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Fig. 1. Representative (a) thermal image (b) myotonometry signal at 10 min

2.4 Statistical Analysis

All data are statistically analyzed using the arithmetic mean and standard deviation. The Pearson correlation
coefficient (r) is used to evaluate the linear relationship between the thermal and myotonometric parameters, thereby
indicating the strength and direction of their association. All statistical analyses are performed using MATLAB R2025b.

2.5 Myotonometric parameters

• Oscillation frequency (OF) represents the tone of a muscle at rest, measured in the absence of voluntary contraction.

OF = Fmax (1)

where Fmax is the maximum oscillation frequency recorded by the device during the measurement cycle.
• Dynamic stiffness (DS) is a biomechanical property of muscle that reflects its resistance to deformation when sub-

jected to contraction or external mechanical forces.

DS =
amax ·mprobe

∆l
(2)

where mprobe denotes the probe mass, amax represents the peak acceleration, and ∆l corresponds to the maximum
deformation under impulse.

• Logarithmic decrement (LD) is the muscle’s ability to dampen mechanical vibrations and is inversely correlated with
elasticity.

LD = ln

(
a1

a3

)
(3)

where a1 and a3 denote the amplitudes of the first two positive peaks of the free oscillation signal, respectively.
• Relaxation Time (RT) is the duration required for a muscle to return to its original shape after deformation caused by

either voluntary contraction or the withdrawal of an external force.

RT = ti − tm (4)

where ti represents the time taken by the tissue to return to its initial shape, in seconds, and tm denotes the time
taken to reach the maximum displacement, in seconds.

2.6 Thermal Recovery Analysis

To quantify post-cooling rewarming of the APB muscle, the Thermal Recovery Ratio (TRR) which shows the
recovery percentage was calculated according to Eq. 5:

TRR =
Tt − Tcold

Tbaseline − Tcold
× 100 (5)

where Tbaseline is the pre-cooling temperature, Tcold is the minimum temperature recorded after cooling, and Tt is
the temperature at a given recovery time point. Tbaseline and Tcold were confirmed to be unequal in all participants.

Additional recovery metrics were also determined:
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• Absolute temperature drop:
∆Tcool = Tbaseline − Tcold (6)

• Recovery rate:

Rate =
Tt − Tcold

t− tcold
(7)

Correlation analyses were subsequently performed between thermal recovery metrics and APB biomechanical
properties to investigate potential relationships between vascular recovery and muscle mechanical properties.

3. Results and Discussion

3.1 Thermal Recovery of the APB Muscle Following Cold Stress

The APB muscle exhibited a characteristic thermal recovery pattern following the cold-stress protocol. Immedi-
ately after hand immersion in cold water, a marked reduction in skin temperature was observed in all participants. Progres-
sive rewarming occurred during the subsequent recovery period, with temperature values gradually approaching baseline
levels at 10, 15, and 20 minutes. The mean APB temperature at each measurement time point is presented in figure 2
a. Error bars represent standard deviation. As expected, the lowest temperature was recorded at the first post-cooling
measurement, followed by a continuous increase during recovery. Similar thermal recovery behaviour has previously
been reported in dynamic infrared thermography studies investigating peripheral vascular responses after cold exposure
[11, 12, 13].

Cold exposure produced a clear reduction in APB temperature, with an average decrease of 6.61 ± 4.56◦C from
baseline, indicating that the applied cold stress induced a measurable thermal disturbance in the muscle region as shown
in Table 1 below. Following cold exposure, the APB temperature gradually recovered toward baseline conditions, reaching
29.56%, 48.48%, and 66.85% recovery at 10, 15, and 20 minutes, respectively.

The recovery rate was highest during the early recovery phase (0.34 ± 0.38 ◦C/min at 10 minutes) and pro-
gressively decreased over time, suggesting a rapid initial thermal response followed by a slower stabilization phase. The
variability observed between participants, reflected by the standard deviations, highlights individual differences in ther-
moregulatory responses, local blood perfusion, and heat dissipation following cold stress.

Table 1. Thermal response and recovery metrics following cold stress.

Parameter Mean ± SD
∆Tcool (° C) 6.61 ± 4.56
Recovery at 10 min (%) 29.56 ± 35.02
Recovery at 15 min (%) 48.48 ± 46.09
Recovery at 20 min (%) 66.85 ± 31.48
Recovery rate at 10 min (° C/min) 0.34 ± 0.38
Recovery rate at 15 min (° C/min) 0.30 ± 0.23
Recovery rate at 20 min (° C/min) 0.26 ± 0.16

The average TRR increased progressively throughout the observation period, indicating restoration of tissue tem-
perature toward pre-cooling conditions. Figure 3 a illustrates the normalized recovery percentage, allowing direct compari-
son between participants despite differences in baseline temperature.

The thermal recovery profile suggests that the APB region possesses sufficient microvascular responsiveness to
restore local temperature following transient cold exposure. Recovery kinetics may reflect the combined effects of reactive
vasodilation, restoration of blood perfusion, and heat transfer from surrounding tissues.

3.2 Inter-Subject Variability in Thermal Recovery

Although all participants demonstrated temperature recovery over time, noticeable inter-subject variability was
observed. Most participants showed rapid temperature restoration after the first 10 minutes of recovery, whereas a smaller
number demonstrated slower rewarming rates. Such variability has previously been reported in healthy populations and
may be influenced by individual differences in peripheral circulation, tissue composition, autonomic regulation, and local
vascular responsiveness [12]. To further visualize data distribution, boxplots of APB temperature at each time point are
shown in figure 2 b. The spread of values decreased progressively as temperatures approached baseline conditions.

Quantitative recovery analysis showed progressive restoration of APB temperature, reaching approximately 67%
recovery by 20 minutes. The recovery rate was higher during the early recovery phase and decreased over time, indicating
a rapid initial thermal response followed by slower stabilization toward baseline temperature. Negative recovery values
observed in some participants indicate that temperature at certain recovery points remained below the initial post-cooling
level or showed delayed recovery dynamics.
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Fig. 2. APB muscle response after cold stress. (a) Mean temperature at baseline and during recovery (5, 10, 15, and 20
min). Points show mean values, and error bars indicate standard deviation. (b) Temperature distribution over time. Boxes

show the interquartile range, center lines show the median, crosses indicate the mean, and dots mark outliers.

3.3 Changes in Myotonometric Parameters During Recovery

Cold exposure induced measurable variations in the biomechanical properties of the APB muscle. Myotonometric
assessment demonstrated individual differences in stiffness and other mechanical parameters during the recovery period
following cold stress. The observed changes indicate that the mechanical response of the muscle did not remain constant
after cooling, reflecting the transient effects of reduced tissue temperature on muscle viscoelastic behaviour and passive
mechanical properties.

The recovery phase was characterized by gradual restoration of the physiological state, although the magnitude
of change varied among participants. This variability may be associated with individual differences in tissue composition,
local blood flow regulation, and baseline biomechanical characteristics. Myotonometry provides a non-invasive approach
for detecting changes in superficial muscle mechanical properties and has been reported as a reliable method for assessing
muscle stiffness and viscoelastic responses [9, 20, 8].

3.4 Relationship Between Thermal and Mechanical Recovery

The association between thermal recovery and APB mechanical behaviour was investigated using Pearson corre-
lation analysis between the recovered APB temperature and the myotonometric parameters measured during the recovery
phase. A significant moderate positive correlation was observed between APB temperature and muscle stiffness (r = 0.52,
p = 0.01), indicating that participants with greater restoration of temperature after cold stress tended to demonstrate higher
stiffness values. Furthermore, a significant negative correlation was observed between APB temperature and logarithmic
decrement (D) (r = −0.61, p = 0.003). Since logarithmic decrement represents tissue damping characteristics and vis-
coelastic behaviour, this relationship suggests that greater thermal recovery was associated with reduced damping of the
muscle tissue.

The remaining myotonometric parameters, including tone, relaxation time, and creep, demonstrated weaker asso-
ciations with recovered temperature and did not show statistical significance. These findings suggest that thermal recovery
measured using infrared thermography may reflect specific aspects of muscle mechanical recovery following cold stress.
Representative scatter plots are shown in Figure 4, and correlation coefficients with corresponding significance levels are
summarized in Table 2.

3.5 Implications and Study Significance

The present study demonstrates the feasibility of combining infrared thermography and myotonometry for assess-
ing APB muscle responses to localized cold stress. Infrared thermography provides a non-contact assessment of thermal
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Fig. 3. Thermal recovery characteristics of the APB muscle following cold stress. (a) Percentage thermal recovery relative
to the baseline temperature. (b) Recovery rate during the post-cooling period.

Table 2. Pearson correlation between recovered APB temperature and myotonometric parameters following cold stress.

Parameter Pearson (r) p-value
OF 0.31 0.17
LD -0.61 0.003
DS 0.52 0.01
RT -0.43 0.05

recovery and microvascular function, while myotonometry offers quantitative information regarding muscle mechanical be-
haviour. The multimodal approach enables simultaneous investigation of vascular and biomechanical recovery processes
within the same anatomical region. Such information may be valuable for future studies involving hand disorders, pe-
ripheral neuropathies, repetitive strain injuries, vascular dysfunction, and median nerve pathologies such as carpal tunnel
syndrome. Although the present work was conducted in a healthy cohort, the methodology establishes a baseline frame-
work for future investigations involving patient populations. The generated recovery profiles may serve as reference data
for identifying abnormal thermal or mechanical responses associated with disease.

3.6 Limitations

There are some limitations to this work. Firstly, the number of subjects used in the study was small, and all subjects
were healthy individuals, which limits the generalizability of this research. Secondly, the experiment was conducted only
on the APB muscle; therefore, this does not imply similar effects in other muscles.

In addition, individual variations in skin properties, subcutaneous tissue thickness, local blood perfusion, and
thermoregulatory responses may have contributed to variability in infrared thermography measurements. Although the
combined use of thermography and myotonometry demonstrated associations between thermal recovery and mechanical
properties, this does not establish causal relationships.

Studies with larger sample sizes, repeated measurements, and populations with altered neuromuscular or vas-
cular function are needed to further validate the potential of combined infrared thermography and myotonometry for the
non-invasive assessment of muscle recovery.

4. Conclusion

This study investigated the thermal and biomechanical responses of the APB muscle by applying cold stress and
using IR imaging and myotonometry. The combined approach enabled non-invasive evaluation of temperature recovery
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Fig. 4. Correlation between recovered APB temperature and myotonometric properties after cold stress. (a) Mean
temperature vs DS (b) Mean temperature vs LD

and changes in muscle mechanical properties during the post-cooling period. Cold exposure resulted in a clear reduc-
tion in APB temperature, followed by gradual recovery toward baseline levels over the observation period. Quantitative
thermal recovery analysis demonstrated progressive rewarming after cold stress, while myotonometric measurements re-
vealed individual variations in muscle mechanical responses. A significant association was observed between recovered
APB temperature and myotonometric parameters, indicating that thermal restoration was related to changes in muscle
mechanical behaviour following cooling.

These findings suggest that infrared thermography and myotonometry provide complementary information for
evaluating localized physiological responses to cold stress. Thermography enables monitoring of dynamic temperature
changes, while myotonometry provides quantitative assessment of tissue mechanical properties, allowing a broader char-
acterization of recovery responses.

It is also observed that IR thermography combined with myotonometry could provide a non-invasive approach to
characterizing APB muscle responses. As establishing baseline characteristics in healthy individuals is crucial for early
diagnosis, this study appears to be clinically useful.
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