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Abstract

This paper explores the use of infrared thermography to analyze body heat distribution patterns in cyclists,
evaluating its potential contribution to professional bike fitting. Seven participants completed a standardized 15-minute
cycling exercise, during and after which thermographic images were captured. The goal was to detect temperature
asymmetries or irregularities that may indicate discomfort, poor posture, or injuries. The thermal data revealed visible
patterns, particularly in the knees, upper back, and hands, reflecting uneven load distribution, muscular imbalance, or
inflammation. Specifically, cases of trapezius overcompensation and saddle friction were identified. Despite the small
sample size, the study demonstrates that thermography holds potential as a non-invasive supplementary tool in cycling
ergonomics and injury prevention.

1. Introduction

Cycling is an elite and recreational sport characterized by high physiological demands coupled with strictly constrained,
highly repetitive movement patterns. During a typical training session or race, a cyclist executes thousands of pedal
revolutions while maintaining a virtually static torso posture. In this biomechanically sensitive context, achieving an optimal
interface between the rider's anatomy and the bicycle's geometry is paramount. This optimization process is known as bike
fitting: the systematic, data-driven adjustment of bicycle components, such as saddle height, stem length, handlebar reach,
and cleat positioning to align with the individual's anthropometry, flexibility, and riding style. A professionally executed bike
fit minimizes the risk of overuse injuries, enhances rider comfort, and maximizes metabolic efficiency and power output.

Despite recent technological advancements within the discipline, including three-dimensional motion capture systems,
dynamic saddle pressure mapping, and wireless force-sensing pedals the day-to-day practice of bike fitting still relies
heavily on visual interpretation and subjective feedback. This introduces significant limitations. Subtle biomechanical
imbalances, such as asymmetric muscle activation, uneven pressure distribution across the primary contact points (saddle,
handlebars, pedals), or early physiological signs of localized fatigue, are frequently imperceptible to the naked eye or
through purely kinematic data. When these latent stressors remain undetected over prolonged periods, they can culminate
in chronic pain, tissue overload, or acute musculoskeletal injuries. Consequently, there is a clear imperative for an
objective, non-invasive diagnostic methodology capable of mapping the physiological impact of a specific riding posture
directly onto the athlete’s body.

Infrared thermography (IRT) emerges as an innovative and highly promising solution to bridge this gap. As a non-contact,
real-time imaging modality, thermography visualizes and quantifies temperature variations across the skin surface. Within
sports science and clinical diagnostics, it has been robustly established that these cutaneous thermal patterns correlate
directly with underlying physiological mechanisms, such as localized blood perfusion, metabolic activity, muscular fatigue,
and inflammatory responses. Thermal hotspots or pronounced left-right asymmetries within a thermogram serve as highly
sensitive indicators of muscular compensation, excessive mechanical friction, or micro-trauma. Although thermography
has been increasingly adopted for injury screening and monitoring post-exercise recovery, its systematic integration as an
active feedback mechanism within the bike fitting process has not yet been thoroughly or rigorously investigated.

This study aims to address this research gap by evaluating the diagnostic utility of infrared thermography as an objective
tool within standard bike fitting protocols. The central research question is: To what extent can thermography provide
physiological insight to detect asymmetries, discomfort, and impending injuries during a bike fit? To investigate this, a
strictly standardized measurement and conditioning protocol was developed to record the thermal response of vital
anatomical regions and mechanical contact points before, during, and after a controlled cycling intervention. Furthermore,
computer vision algorithms utilizing Python were implemented for image post-processing and automated Region of Interest
(ROI) extraction, including deep learning-based joint tracking. By fusing objective thermal data with subjective localized
pain ratings, this paper demonstrates that thermography not only exposes existing biomechanical asymmetries but is also
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capable of identifying pre-symptomatic tissue stress. Ultimately, this research contributes to a more personalized,
preventative, and scientifically validated paradigm in modern bike fitting. [1].

2. Materials and Methods

2.1 Environmental Control, measurement protocol and Instrumentation Setup

To rigorously evaluate the diagnostic utility of infrared thermography within the bike fitting paradigm, a controlled and
structured experimental setup was established. This framework was specifically designed to mitigate confounding environ-
mental variables and standardize data acquisition across a diverse cohort of seven cyclists. By maintaining a strictly reg-
ulated environment and utilizing a continuous narrative approach without relying on itemized lists, the methodology priori-
tizes high reproducibility and scientific continuity.

All experimental procedures were executed within a dedicated indoor laboratory where microclimatic stability was managed
to satisfy the stringent requirements of infrared thermal imaging. The ambient room temperature was held constant be-
tween 20°C and 22°C, complemented by a relative humidity range maintained between 40% and 60%. To eliminate arti-
factual radiation and external thermal interference, electronic devices and highly reflective metallic surfaces were entirely
removed from the field of view, while illumination was restricted exclusively to diffuse natural light.

The primary sensor utilized for high-resolution cutaneous thermal data acquisition was a calibrated FLIR A655sc infrared
camera. This specialized instrument was securely rigidly mounted to a professional tripod and precisely positioned at
predetermined distances and orthogonal angles relative to the participant, varying dynamically based on individual anthro-
pometry and the specific anatomical region of interest. The FLIR camera was interfaced directly with a dedicated computing
workstation running FLIR Research Studio software, which managed real-time data streaming, digital acquisition, and initial
frame validation. The mechanical workload was standardized using a Wahoo KICKR Core smart indoor electronic trainer,
which allowed for precise resistance control and mechanical consistency. Simultaneously, physiological exertion was mon-
itored via wireless heart rate sensors paired to the central data acquisition system. The used measurement setup is visu-
alized in Figure 1.

2.2 Participant Preparation and Acclimatization

To prevent superficial physiological distortions from biasing the baseline skin temperature profiles, participants were sub-
jected to rigorous pre-experimental constraints. Subjects were required to abstain completely from consuming nicotine,
alcohol, or caffeine, and were forbidden from applying topical cosmetics, lotions, or skincare formulations within a prede-
fined time window prior to testing. Furthermore, candidates presenting acute illnesses, extensive skin conditions, or sys-
temic pathologies capable of altering local vascular perfusion were excluded from participation. Upon entering the labora-
tory environment, each participant underwent a mandatory ten-minute passive equilibration and acclimation phase to allow
their skin temperature to stabilize to the ambient room conditions. During this static interval, baseline demographic and
anthropometric parameters including age, biological sex, body mass, stature, and resting cardiovascular metrics were
recorded alongside a preliminary baseline Pain Perception Questionnaire.

2.3 Exercise Protocol and Multi-Angle Data Acquisition

The standardized exercise intervention commenced immediately following the acclimatization period and consisted of a
continuous fifteen-minute cycling bout. The mechanical resistance on the Wahoo smart trainer was dynamically regulated
to maintain each participant's physiological intensity strictly within their individualized heart rate Zone 2, ensuring an aerobic
state that induces measurable metabolic heat production without generating extreme systemic distress. The session was
divided temporally to facilitate multi-angle thermographic profiling. The first ten minutes of active pedaling were recorded
from an anterior perspective. At the ten-minute mark, the exercise was briefly interrupted to safely rotate the entire cyclist-
trainer configuration, enabling the final five minutes of the active cycling intervention to be imaged from a posterior trajec-
tory. Throughout the active cycling trial, subjective localized discomfort and regional thermal sensations were captured at
a high temporal resolution by administering the pain perception metric every two minutes.
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Fig. 1. Front (a) and back (b) IR measurement setup, (c) Screenshot of continuous front IR measurement.

Thermal snapshots were captured systematically across eight predefined measurement orientations to map critical biome-
chanical contact points and primary locomotive muscle groups. Full-body anterior and posterior captures were taken in a
stationary, standing position immediately prior to the warm-up and immediately following the cessation of the trial. Dynamic
captures were continuously recorded during active pedaling from both front and rear angles. Additionally, localized, close-
up thermal frames focused heavily on injury-prone joints and anatomical zones highly vulnerable to asymmetric loading,
specifically targeting the patellar regions, the lumbar spine, the calves, and the trapezius muscles. To evaluate direct
mechanical heat transfer and friction effects induced by the rider’s posture, the physical interfaces of the bicycle, specifically
the saddle surface and the handlebar hoods, were imaged using infrared thermography immediately upon the participant
dismounting. To eliminate artificial heat accumulation resulting from localized pressure or post-exercise skin-to-skin con-
tact, participants remained in a standardized standing position throughout the post-exercise recovery phase while the final
diagnostic thermal captures were completed.

2.4 Detailed Analysis of Use Cases: Diagnostic Application of Infrared Thermography

The implementation of infrared thermography (IRT) within a bike fitting protocol serves several distinct diagnostic objec-
tives. These use cases are categorized based on their primary application: the identification of postural compensation, the
objective quantification of mechanical friction, and the pre-symptomatic screening of musculoskeletal stress.

Use Case 1: Detection of Postural Compensation and Asymmetric Loading

The primary diagnostic application of IRT is the identification of asymmetric postural compensations that occur when a
cyclist attempts to alleviate discomfort or stabilize an unbalanced position. In many instances, the root cause of an injury
is not located at the site of the reported pain, but rather at a distal point in the kinematic chain. For example, a cyclist
experiencing discomfort in the left hand often exhibits a thermal signature indicating excessive weight distribution on the
left handlebar hood. Thermographic analysis (Figure 2) reveals that this is frequently a compensatory mechanism for an
underlying pelvic tilt or a leg-length discrepancy. The resulting thermal profile on the saddle typically shows a severe left-
to-right imbalance, forcing the upper body to adopt a bracing posture. The trapezius muscles, in particular, serve as "ther-
mal barometers" for this compensation; the muscle on the side opposite to the pelvic tilt often displays a significantly
elevated temperature due to chronic hyperactivation. By mapping these localized hotspots against the saddle pressure
footprint, the bike fitter can verify if the upper-body tension is indeed a byproduct of lower-body asymmetry, allowing for
targeted correction through cleat shimming or saddle height adjustments.
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Fig. 2. Thermal images of participant 1.

Use Case 2: Predictive Screening for Pre-symptomatic Musculoskeletal Stress

Perhaps the most high-value use case for IRT is the detection of tissue stress before it manifests as clinical pain. Traditional
fitters rely on the athlete’s verbal report of pain, which often occurs only when tissue damage has already reached a critical
threshold. Thermographic imaging offers a proactive alternative by capturing micro-thermal anomalies in poorly vascular-
ized tissues, such as the popliteal fossa (behind the knee) or the patellar ligament. A localized thermal "spike" in the
popliteal region, even in the absence of perceived pain, is a highly sensitive indicator of tendon over-strain. During our
experimental trials, we observed that asymptomatic participants with high-intensity focal hotspots in the popliteal zone
were often identified to have poor pedal-stroke mechanics, leading to excessive lateral knee travel. By identifying these
"thermal precursors" early, the bike fitter can adjust the cleat rotation (float) or the stance width, thereby preventing the
transition from sub-clinical stress to chronic overuse injuries such as tendonitis.
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Fig. 3. IR measurement of musculoskeletal stress after exercise.

3. Results and Discussion

The experimental evaluation demonstrates that infrared thermography (IRT) successfully uncovers physiological and bio-
mechanical anomalies. By pairing quantitative skin surface temperature measurements with localized pain and discomfort
feedback, this section outlines how thermal asymmetries and specific left-to-right variations serve as objective clinical
indicators of postural discomfort, uncoordinated muscle activation, and impending tissue injuries. A useful capability of
infrared imaging within the discussed protocol is the detection of asymmetric muscle engagement and unaligned pressure
distributions across the bike's touchpoints, specifically the saddle and also the handlebars. Healthy, biomechanically bal-
anced cycling postures are structurally characterized by symmetrical cutaneous heat dissipation. However, notable devia-
tions were recorded among several participants, demonstrating how upper-body adjustments directly correlate with un-
optimized lower-body positions.

In Figure 3, a healthy female amateur cyclist with a pronounced thermal hotspot was visualized over the left portion of the
trapezius muscle in the post-exercise state, displaying a high temperature elevation compared to the contralateral side.
This upper-body thermal asymmetry coincided with a highly skewed heat footprint on the bicycle saddle (Figure 2). The
localized thermal transfer onto the saddle was concentrated almost exclusively on its left side, indicating that the rider was
leaning away from her right side. Consequently, this structural compensation caused the left shoulder and upper back to
brace and work significantly harder to stabilize the torso. This postural adaptation cascaded down to the handlebars, where
an elevated thermal footprint was captured on the right hood. This observation perfectly correlates with the participant's
subjective medical complaint of experiencing "drooping fingers" (neurological paresthesia due to localized pressure) in her
right hand during training. A matching compensatory loop was identified in Participant 3 (male, advanced), who exhibited
an asymmetric thermal configuration concentrated on the left side of the saddle. To keep the pelvis stable despite an
uneven saddle contact, his right upper arm and the right portion of the trapezius muscle were forced to stabilize the upper
body dynamically, leading to an increased cutaneous heat signature on the right shoulder quadrant. From a bike fitting
perspective, these findings illustrate how IRT can pinpoint structural issues such as a leg-length discrepancy or pelvic tilt
that could potentially be mitigated through the precise application of orthotic interventions, such as installing a shoe shim
beneath the left cleat.

Conversely, Participant 4 (female, beginner) served as an experimental baseline for a highly balanced posture. Her post-
exercise thermal captures showed an evenly distributed thermal pattern across both sides of the back, mirroring an identical
left-to-right symmetry across the sit bone zones on the saddle surface. Nevertheless, her saddle thermogram revealed a
distinct thermal anomaly: high-intensity heat accumulation restricted to the narrow, forward lateral margins of the saddle
nose. By executing a cross-validation check with traditional video captures, it was verified that the participant's pelvic
alignment remained stable across the rear platform of the saddle rather than slipping forward. This objective thermal sig-
nature was therefore classified not as pressure-induced heat transfer, but rather as persistent mechanical skin friction
generated by the inner thighs rubbing against the wide profile of the saddle nose during the pedaling cycle. This outcome
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showcases the high precision of IRT in distinguishing between direct vertical loading and lateral frictional stress, guiding
the fitter toward a targeted hardware recommendation, such as switching to a narrower saddle contour.
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Fig. 4. Thermal measurements on back side (a), saddle (b), left and right (c) hand after exercise.
4. Monitoring Discomfort and Fatigue: discussion and Limitations

To obtain a comprehensive overview of the cyclist's physical strain, the measurement protocol integrated objective
thermographic data with continuous subjective feedback. Throughout the standardized 15-minute cycling session, a Pain
Perception Questionnaire (PPQ) was administered every two minutes. This questionnaire enabled participants to report
their real-time perception of discomfort and thermal sensations (warmth or coldness) in specific body regions. The
integration of these subjective scores is essential for correlating observed thermal patterns, such as hotspots in the
trapezius or temperature variations in the hands with actual physical complaints like numbness or muscle fatigue. Through
this monitoring approach, biomechanical inefficiencies manifesting as asymmetrical heat accumulation could be directly
linked to the rider's perceived comfort levels. This methodology allows a bike fitter to make adjustments based not only on
visual data but also on the physiological precursors to fatigue and potential injury.

The integration of the Pain Perception Questionnaire (PPQ) with infrared thermography yielded several significant findings,
demonstrating that subjective discomfort often has a measurable physiological footprint. A direct correlation was observed
between elevated PPQ scores and localized thermal anomalies. For instance, participants reporting "stiffness" or "fatigue"
in the lower back exhibited increased thermal variability (higher standard deviation) across the erector spinae. This sug-
gests that emerging muscle fatigue leads to inconsistent motor unit recruitment, which manifests as irregular heat distribu-
tion. In participants reporting "numbness" or "tingling" in the hands, thermal imaging revealed a significant temperature
drop in the distal phalanges (fingertips) compared to the rest of the hand. This objective evidence of ischemia, likely caused
by excessive pressure on the ulnar or median nerves, allows for precise adjustments to handlebar ergonomics.

While active muscles generally increase in temperature, prolonged exertion in some participants triggered a localized
cooling effect due to evaporation (sweating). Discomfort reported in the PPQ often coincided with areas where sweat could
not evaporate efficiently (e.g., under the chamois or restrictive clothing), appearing as persistent heat concentrations.
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Fig. 5. Participant 5, healthy knees.
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With respect to diagnostic thresholds for Intervention, based on the monitoring of seven participants the following
clinical thresholds were identified. A normal physiological response is identified by symmetrical temperature increases of
up to 1.5 °C in activated muscles (e.g., quadriceps) without a corresponding increase in PPQ pain scores. As shown in
Figure 5.12, healthy, non-inflamed knee joints do not heat up during exercise. In Figure 5, we observe that the quadriceps
muscles do warm up, while the knee itself remains relatively cool. More importantly, the average temperature measured
across the knee surface differs by only 0.2°C between the left and right knee. Patthological indicators are bilateral asym-
metries exceeding 0.5°C in the upper back or shoulders, coupled with a PPQ score of 3 or higher. Such findings serve as
immediate indicators for bike-fit interventions, such as adjusting handlebar reach or saddle setback. By correlating subjec-
tive feedback with real-time thermal data, this study demonstrates that thermography can objectify the cyclist's internal
state, transforming vague reports of "discomfort" into actionable, data-driven ergonomic refinements.

The experimental results confirm that quantitative infrared thermography (IRT) can expose subclinical physiological
anomalies that remain undetected during traditional kinematic bike fitting. While 3D motion capture identifies joint angles,
IRT visualizes the actual metabolic cost and friction profiles. However, several confounding factors must be addressed for
standardization. Variations in individual body composition (body fat percentage) heavily influenced the thermal patterns,
as subcutaneous fat acts as an insulator, damping the underlying muscular thermal gradients in less-trained subjects.
Additionally, sweat evaporation during high-intensity zones introduces significant artifacts, which justifies limiting the
protocol to a controlled 15-minute Zone 2 exertion.

5. Conclusion

This study explored the use of thermography as a novel tool to enhance the bike fitting process by objectively identifying
asymmetries, discomfort, and injuries in cyclists. The developed measurement protocol and data analysis approach ena-
bled the consistent capture and interpretation of thermal patterns across participants. The findings show that healthy joints,
such as non-inflamed knees, exhibit minimal temperature changes after exercise, while localized hotspots can indicate
tissue irritation or existing injuries. Participants who reported injuries displayed thermal anomalies in expected regions,
supporting the diagnostic potential of thermography. Interestingly, the presence of a thermal hotspot in an asymptomatic
participant suggests that thermography may also be useful for early detection of injuries before clinical symptoms arise.
This pilot study demonstrates that infrared thermography objectively quantifies biomechanical asymmetries and early tis-
sue inflammation. Healthy joints exhibited minimal thermal variance, whereas an inflamed knee showed a significant devi-
ation, exceeding the 0.3°C monitoring threshold. Localized popliteal hotspots in asymptomatic and rehabilitating partici-
pants correlated with subclinical tissue irritation. The standardized protocol, utilizing a FLIR A655sc camera (<30 mK sen-
sitivity) during 15-minute Zone 2 exertion, yielded reproducible thermal data. The results confirm that thermography pro-
vides critical, quantifiable metric specifically identifying temperature differentials >0.5°C to guide preventive bike fitting
interventions. In conclusion, thermography offers valuable, objective insights for bike fitting practices and injury prevention,
although further development, particularly in automation, is needed for widespread application
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