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ABSTRACT  

The laboratory environment presents unique and compounded challenges related to ergonomics and safety. 

Technicians and scientists are exposed to repetitive strain injuries from pipetting and microscopy, physical 

fatigue from handling heavy equipment, and significant chemical, biological, and physical hazards. The 

emergence of wearable technology offers a paradigm shift in how these challenges are managed. This paper 

provides a comprehensive analysis of the ergonomic and safety impacts of wearable devices, such as smart 

glasses and exoskeletons, within the laboratory setting. It explores how smart glasses enhance safety awareness 

by providing hands-free access to Safety Data Sheets (SDS), enabling remote expert guidance, and improving 

procedural accuracy, thereby reducing human error. Concurrently, the paper examines the role of exoskeletons 

in mitigating ergonomic risks by providing physical support during tasks like lifting heavy containers or 

maintaining static postures, potentially reducing the incidence of work-related musculoskeletal disorders 

(MSDs). Case study evidence indicates a 15% time saving per test and reduced documentation errors with smart 

glasses, as well as decreased shoulder muscle activity with upper‑body exoskeletons. However, the integration 

of these technologies is not without drawbacks. This analysis also addresses critical challenges, including initial 

cost, cybersecurity vulnerabilities, potential for new forms of distraction, the ergonomic design of the wearables 

themselves, and the need for robust training protocols. The paper concludes that while wearable technology 

holds immense promise for creating safer and more ergonomically sound laboratories, its successful 

implementation requires a careful, risk‑assessed approach that balances technological benefits with pragmatic 

considerations of cost, usability, and human factors. 

Keywords: Wearable Technology, Laboratory Safety, Ergonomics, Smart Glasses, Exoskeletons, Safety Data 

Sheets (SDS), Musculoskeletal Disorders (MSDs), Human Factors. 

INTRODUCTION  

1.1 Ergonomic and Safety Considerations in Laboratory Environments  

Laboratories, encompassing academics, pharmaceuticals, biotechnology, and chemical industries, are vibrant 

environments where innovation and discovery transpire. Nevertheless, they are also settings laden with 

considerable hazards. These risks can be classified into two interrelated domains: safety and ergonomics. Safety 

dangers encompass exposure to poisonous chemicals, pathogenic biological agents, radioactive substances, and 

the risk of fires or explosions (Furr, 2000). Ergonomic hazards, frequently more subtle, arise from the inherent 
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characteristics of laboratory work, extended durations of static postures (e.g., microscopy, biosafety cabinet 

operations), highly repetitive activities (e.g., pipetting, vial capping), and the manual manipulation of heavy or 

cumbersome objects (e.g., gas cylinders, large solvent containers) (Woods & Buckle, 2006). These ergonomic 

stressors are a significant contributor to work-related musculoskeletal diseases (MSDs), resulting in pain, 

absenteeism, and chronic impairment among laboratory staff (David, 2005).  

Historically, the management of these risks has depended on a blend of administrative controls (standard 

operating procedures, training), engineering controls (fume hoods, ergonomic furniture), and personal protective 

equipment (PPE) including lab coats, gloves, and safety glasses. Although effective, these methodologies 

possess constraints. Accessing essential safety information, such as a Safety Data Sheet (SDS), frequently 

necessitates that a technician halt their tasks, remove gloves, and go to a computer terminal, disrupting 

production and potentially elevating exposure risk. Likewise, ergonomic solutions such as adjustable chairs can 

only partially mitigate the strain associated with repetitive, fine-motor activities.  

Figure 1 presents a conceptual framework linking laboratory challenges to wearable interventions and outcomes 

(see end of this section for figure placement). 

 

Figure 1: Conceptual framework linking laboratory challenges to wearable interventions and expected 

outcomes. 

1.2 The Rise of Wearable Technology in Scientific Practice 

The Fourth Industrial Revolution has created a novel category of instruments: wearable technology. Wearables, 

defined as electronic devices that may be worn on the body as accessories or integrated into clothing, such as 

smartwatches, fitness trackers, and smart glasses, are getting progressively advanced (Boulos & Yang, 2013). 

Their potential is being recognized in the industrial and healthcare sectors for activities such as intricate assembly 

and remote patient monitoring. In the laboratory setting, wearable technology offers the potential to address 

deficiencies in conventional safety and ergonomic measures. Wearables can seamlessly incorporate safety and 

ergonomics into the laboratory professional's workflow by delivering real-time, context-sensitive information 

and physical help.  

1.3 Objective and Scope 

This research intends to critically evaluate the ergonomic and safety implications of wearable technology in 

laboratory settings. The primary emphasis will be on two principal groups of devices:  

1. Smart Glasses and Augmented Reality (AR) Headsets: To improve safety awareness and procedural 

precision.  
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2. Exoskeletons: To mitigate physical strain and avert musculoskeletal disorders (MSDs).  

The study will examine the methods by which these technologies enhance results, substantiated by existing 

research and theoretical frameworks. It will offer a comprehensive study by addressing the major problems, 

limitations, and possible adverse effects of their application. The study will ultimately address the incorporation 

of wearables into a comprehensive laboratory safety culture, taking into account elements such as risk 

assessment, training, and prospective technical advancements.  

METHODOLOGY 

This paper employs a narrative review methodology. A structured literature search was conducted using 

PubMed, Scopus, and Google Scholar for the period 2000–2025. Search terms included combinations of: 

“wearable technology” AND “laboratory safety”, “exoskeleton” AND “ergonomics”, “smart glasses” AND 

“laboratory”, “augmented reality” AND “hazard communication”, and “musculoskeletal disorders” AND 

“laboratory workers”. Only peer‑reviewed articles, conference proceedings, and authoritative reports (from 

NIOSH, OSHA, and equivalent bodies) written in English were included. Two case studies were synthesized 

from published pilot implementations (Blair, 2016; Hincapié et al., 2021; de Looze et al., 2016; Theurel & 

Desbrosses, 2019). No primary data collection was performed. Given the lack of studies on laboratory-specific 

wearables, information from industrial ergonomics and healthcare settings was cautiously extrapolated to this 

context, explicitly noting differences in danger profiles, workflow patterns and contamination needs. 

Table 1 (in Section 3.3) summarizes the key technologies identified, and Table 2 (Section 5) maps ergonomic 

risk factors to wearable solutions. 

REVIEW OF LITERATURE  

3.1 Fundamentals of Laboratory Ergonomics  

Laboratory ergonomics is the discipline focused on optimizing workplace design to accommodate the user, 

aiming to reduce musculoskeletal disorders (MSDs) while enhancing productivity and well-being. Principal risk 

factors in laboratories encompass: 

i. Repetition: Repetitive tasks such as pipetting necessitate thousands of repetitions daily, exerting strain 

on the tendons and muscles of the hand, wrist, and shoulder (Björksten et al., 1994). 

ii. Force: The exertion of force while performing operations like opening adhered vial caps or manipulating 

manual micropipettes may lead to harm.  

iii. Awkward Postures: Utilizing biosafety cabinets frequently necessitates high arm positions, resulting in 

shoulder and neck pain. Prolonged use of microscopes is correlated with neck and back pain (Village & 

Trask, 2007).  

iv. Static Postures: Sustaining a stationary position for prolonged durations diminishes blood circulation 

and heightens muscular exhaustion.  

v. Contact Stress: Applying pressure from wrists or forearms on sharp cabinet edges may result in nerve 

compression.  

The economic and human implications of musculoskeletal disorders (MSDs) in laboratories are significant, 

necessitating more effective ergonomic interventions beyond conventional furniture and tool design (David, 

2005).  

3.2 Fundamental Principles of Laboratory Safety  

Laboratory safety is regulated by the hierarchy of controls: elimination, substitution, engineering controls, 

administrative controls, and personal protective equipment (NIOSH, 2015). Figure 2 illustrates where wearable 

technologies fit within this hierarchy. 
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The OSHA Hazard Communication Standard (HCS) requires access to Safety Data Sheets (SDS) for all 

hazardous substances. Prompt accessibility is essential during spills, exposures, or regular usage. Moreover, 

rigorous compliance with complex, multi‑phase procedures is crucial for experimental integrity and staff safety, 

especially when handling biohazards or volatile materials. 

 

Figure 2: Traditional hierarchy of controls (NIOSH) with wearable technology positioned as a bridge between 

engineering and administrative controls. 

3.3 Overview of Relevant Wearable Technologies  

Smart Glasses and AR Headsets (e.g., Google Glass Enterprise Edition, Microsoft HoloLens): Superimpose 

digital information over the user’s visual field, enabling hands‑free interaction (Billinghurst & Starner, 1999). 

Exoskeletons: Passive (springs, counterbalances) or active (motors, batteries). Upper‑body exoskeletons 

support arms and shoulders; back‑support exoskeletons aid lifting (de Looze et al., 2016). 

Wearable Sensors: Posture monitors, heart rate sensors, and environmental detectors. 

Table 1 provides a side‑by‑side comparison of these technologies for laboratory applications. 

Table 1: Summary of Wearable Technologies for Laboratories 

Technology Primary Function Ergonomic Benefit Safety Benefit Key Limitation 

Smart glasses Hands-free info 

display 

Neutral neck posture Real-time SDS 

access 

Distraction, tunnel 

vision 

AR headsets Procedural overlay Reduced head rotation Hazard labeling Cybersickness, cost 

Passive exoskeleton 

(arm/back) 

Load support Reduced muscle fatigue N/A Bulk, fit issues 

Active exoskeleton Powered lifting 

assistance 

Lower spinal load N/A Battery life, high cost 

Wearable sensors 

(posture/HR) 

Biofeedback, 

monitoring 

Posture correction Vital sign alerts Privacy, data security 

ENHANCING SAFETY AWARENESS THROUGH WEARABLE TECHNOLOGY  

4.1. Hands-Free Information Access: Smart Glasses for Safety Protocols and Data Sheets 

One of the most urgent applications of smart glasses is to offer instantaneous, hands-free access to essential 

information. In an emergency, such as a chemical splash or accident, time is of the essence. A technician 

equipped with smart glasses can utilize voice commands to access the pertinent Safety Data Sheet (SDS), 
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displaying decontamination protocols, first-aid instructions, and flammability information directly inside their 

visual field, hence eliminating the need to search for a binder or operate a computer with contaminated gloves 

(Blair, 2016) [See Figure 3 for a visual mockup]. This not only accelerates the reaction but also reduces the 

chance of secondary exposure or contamination. 

 

Figure 3: Smart Glasses Displaying an SDS in Real Time. Illustrative representation of a laboratory technician 

using smart glasses to view an SDS hands‑free while handling a chemical container. 

Smart glasses can present sequential instructions or intricate recipes for regular activities. This is especially 

beneficial for educating new employees or for implementing infrequent yet essential practices where mistakes 

are expensive. Superimposing instructions on the workspace enables the user to concentrate on the equipment 

and materials, hence diminishing cognitive burden and the probability of omitting a step (Hincapié et al., 2021).  

4.2 Applications of Augmented Reality in Hazard Identification and Procedural Support  

In addition to exhibiting text, augmented reality can overlay virtual labels and alerts onto tangible items. A smart 

glass system coupled with laboratory inventory software might, for example, highlight certain chemical bottles 

using color-coded rings (e.g., red for highly dangerous, yellow for reactive) or display expiration dates. It may 

also assist a user in navigating a complex instrument setup by projecting arrows or animations that indicate the 

appropriate connection locations (Makhataeva & Varol, 2020).  

This visual guidance can improve accuracy and minimize errors in processes like as calibration or assembly, 

hence fostering a safer working environment by assuring proper equipment usage.  

4.3. Virtual Collaboration and Professional Support  

Smart glasses facilitate "see-what-I-see" remote cooperation. A young worker encountering an unusual 

instrument malfunction or an unforeseen result can transmit their point-of-view video to a senior colleague or 

equipment specialist situated remotely. The remote expert can annotate the technician's real-world perspective 

with arrows, text, or diagrams to assist them in the troubleshooting process (Gurevich et al., 2015). This 

minimizes downtime, enables just-in-time training, and guarantees that intricate issues are addressed securely 

and accurately without the necessity for the expert's physical presence, which is particularly advantageous in 

high-containment (e.g., BSL-3/4) laboratories or remote field sites.  

4.4 Surveillance of Environmental Parameters and Employee Vital Signs  

Future applications may use wearable sensors with smart glasses or alternative wearables such as smart badges. 

These sensors can detect gas leaks, oxygen deprivation, or elevated radiation levels in the surrounding 
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environment, offering the wearer prompt audio or visual notifications. Moreover, wearables can monitor the 

user's vital signs, including heart rate and body temperature, offering an early alert for heat stress or exposure to 

certain toxicants that induce physiological alterations (Boulos & Yang, 2013). This real-time biomonitoring may 

serve as an effective instrument for safeguarding employees in hazardous settings.  

ENHANCING ERGONOMIC RESULTS USING WEARABLE TECHNOLOGY  

5.1. Exoskeletons for Material Manipulation and Load Assistance  

Manual material handling is a major contributor to lower back injuries in laboratories. Activities such as lifting 

substantial carboys of distilled water, maneuvering gas cylinders, or managing hefty animal feed sacks impose 

significant stress on the spine. Passive back-support exoskeletons, which often employ elastic bands or stiff 

structures to transfer weight from the spine to the legs and hips, can markedly diminish the muscular exertion 

necessary for lifting and bending (Theurel & Desbrosses, 2019). These devices may mitigate compressive 

stresses on the lumbar spine, hence potentially lowering the occurrence of acute injuries and chronic back pain 

among laboratory personnel engaged in these activities. Table 2 maps ergonomic risk factors to specific 

wearable solutions. 

Table 2: Ergonomic Risk Factors and Corresponding Wearable Solutions 

Risk Factor Common Lab Task Wearable Solution Evidence Level 

Static neck posture Microscopy Posture-sensing glasses Moderate (Kim et al., 2019) 

Elevated arms (static) Biosafety cabinet / fume 

hood 

Passive arm exoskeleton Strong (EMG studies, de 

Looze) 

Repetitive pipetting Liquid handling Exoskeletal glove Emerging (Simpson et al., 

2021) 

Heavy lifting Carboy / cylinder handling Back-support exoskeleton Strong (Theurel & 

Desbrosses) 

Prolonged standing Bench work Chairless chair 

(lower-body exo) 

Moderate 

5.2 Wearable Interventions for Repetitive Strain Injuries in Fine Motor Work 

Although hand and finger exoskeletons are relatively rare, innovative solutions seek to mitigate the ergonomic 

challenges posed by repetitive pipetting. Certain proposals entail lightweight, passive exoskeletal gloves 

constructed from flexible materials and designed with appropriate resistance to assist the thumb and finger joints 

during the pipetting movement, thereby diminishing muscle fatigue and mitigating the danger of ailments such 

as tendinitis or carpal tunnel syndrome. Active devices might potentially fully automate the repeating motion, 

although this necessitates flawless interaction with the pipette. The principal ergonomic advantage is the 

diminishment of force and repetition, two critical risk factors for musculoskeletal disorders (Simpson et al., 

2021).  

5.3 Wearable Technologies for Postural Support and Feedback 

Upper-body exoskeletons are particularly pertinent for laboratory tasks performed within biosafety cabinets 

(BSCs) or fume hoods. These duties necessitate that workers maintain their arms in an elevated position for 

prolonged durations, resulting in swift fatigue and shoulder discomfort. Passive arm-support exoskeletons 

employ springs or counterbalances to support arm weight, enabling users to exert less muscular effort and sustain 

a neutral shoulder posture (de Looze et al., 2016). This can prolong the duration a worker can efficiently and 

securely function within a BSC.  

In addition to physical support, certain wearable sensors can deliver haptic feedback which is a subtle vibration 

to notify users when they assume an awkward or high-risk posture, such as extreme neck flexion while observing 

through a microscope. Figure 4 depicts a exoskeleton in use at BSC This biofeedback process facilitates self-

correction and enhances posture awareness, an essential element of ergonomic training (Kim et al., 2019).  
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Figure 4: Upper-Body Exoskeleton Use at a Biosafety Cabinet: Anatomical Illustration of Muscle Activation 

Reduction with a Passive Arm-Support Exoskeleton During BSC Work 

CHALLENGES AND CONSTRAINTS IN WEARABLE TECHNOLOGY ADOPTION 

The incorporation of wearable technology in laboratories is not a cure-all and poses numerous substantial 

obstacles that require resolution.  

6.1 Technological and Financial Limitations in Laboratory Wearable Applications 

The substantial initial expense of sophisticated wearable technology, especially durable AR headsets and active 

exoskeletons, can be a barrier for numerous organizations (Nicolás et al., 2021). Figure 5 presents a risk-benefit 

matrix to guide investment decisions. Moreover, these gadgets necessitate auxiliary infrastructure, including 

software platforms, Wi-Fi connectivity, and IT support. The battery life is a significant limitation; a gadget that 

cannot endure a whole work shift is impractical. The overall cost of ownership, encompassing maintenance, 

software upgrades, and ultimate replacement, must be substantiated by a definitive return on investment reflected 

in diminished injury rates, enhanced efficiency, and reduced errors.  

 

Figure 5: Risk-Benefit Matrix for Wearable Technologies 

Caption: Decision matrix to prioritize wearable investments based on ease of implementation and potential 

safety/ergonomic impact. 
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6.2 Human Factors and Usability Issues  

A technology that is uncomfortable, obtrusive, or cumbersome will be dismissed by its target consumers. Smart 

glasses may induce eye strain and motion sickness, referred to as cybersickness, in certain persons, and may lack 

compatibility with conventional prescription eyewear or other personal protective equipment (Krüger et al., 

2022). Exoskeletons must be accurately tailored to the particular user to ensure efficacy and prevent the 

emergence of pressure spots or unwanted movement restrictions. If a technology is regarded as unwieldy or 

disruptive to intricate activities, laboratory personnel will be hesitant to embrace it. 

A six‑month longitudinal study of 43 logistics workers found that while baseline vision changes were small, 

participants over 40 had 16.1 times higher odds of near‑vision deterioration compared to those under 40 

(Hartmann et al., 2024). The most commonly reported symptoms were eye fatigue (n=32), rubbing (n=25), and 

burning (n=24), leading researchers to recommend pre‑implementation eye examinations for smart glass users. 

Beyond ocular effects, a systematic review of 21 studies on augmented reality smart glasses identified 38 factors 

influencing acceptance, with visual discomfort and privacy risk among the strongest predictors of use 

(Koutromanos & Kazakou, 2023). Furthermore, the mental workload associated with wearable devices remains 

high and constitutes a major barrier to long‑term adoption; as Marchand et al. (2021) concluded, "mental 

workload associated with their use remains high and becomes a major challenge to their ecological use". Worker 

acceptance also depends critically on comfort and ease of use. Baldassarre et al. (2022) found in their systematic 

review of 24 field studies that "comfort and easiness of use are the key factors influencing the user's experience" 

and that exoskeleton effectiveness is highly task‑specific, with dynamic tasks presenting particular challenges. 

People have different requirements for exoskeleton comfort and fit. In field research with logistics workers, de 

Vries et al. (2023) found that even with significant reductions in anterior deltoid muscle activity (13‑39%) and 

upper trapezius (16‑60%), the emotions of workers toward using the shoulder exoskeleton decreased over time, 

raising questions about long‑term suitability. As Kranz et al. (2023) concluded about back‑support exoskeletons, 

"a significant lack of user acceptance" resulted primarily from movement restrictions and discomfort. 

Manufacturers need to consider these user experience factors early in the design process, as they will likely 

determine whether lab personnel adopt or reject the technology. 

6.3 Implications of Data Security and Privacy  

Wearable devices, particularly those equipped with cameras and microphones, accumulate extensive data. This 

elicits significant apprehensions around data security and employee privacy. Video streams from a laboratory 

may encompass proprietary research data or intellectual property. The potential for continuous surveillance of 

employee performance and activities may foster a culture of distrust and provoke ethical dilemmas (Michael & 

Michael, 2013). Stringent cybersecurity protocols and explicit policies regarding data ownership, utilization, and 

storage are essential precondition for deployment.  

6.4 Possibility of Emerging Safety Risks and Distractions  

An inadequately executed wearable device can present additional risks. An exoskeleton with projecting 

components may become entangled with equipment or ignite in a combustible environment. The visual interface 

of smart glasses may have a "tunnel vision" effect, diverting the user's attention from peripheral dangers such as 

a colleague transporting a hot beaker or a spill on the floor (Nicolás et al., 2021). The cognitive load associated 

with using a voice-controlled device may distract from the core job, hence heightening the likelihood of error. 

A comprehensive task-oriented risk assessment is necessary prior to the implementation of any wearable device.  

The relationship between wearable technology and cognitive load presents a more complex picture than simple 

distraction. Extensive evidence suggests that the mental workload associated with wearable assistive devices 

remains high and constitutes a major challenge to ecological use and long‑term adoption (Marchand et al., 2021). 

In dual‑task paradigms, wearing smart glasses has been shown to produce slower responses and worse 

performance in selective attention compared to other display modalities. However, not all cognitive effects are 

negative; Chen et al. (2023) demonstrated that well‑designed wearable devices can augment auditory attention 

and memory by offloading cognitive tasks, thereby freeing up resources for primary activities. This suggests that 

the cognitive impact is highly dependent on task fit, interface design, and user proficiency. Safety‑critical tasks 
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in laboratories may demand simpler, more intuitive wearable interfaces to avoid dangerous distraction or "tunnel 

vision" effects during emergencies. Where laboratory personnel perform multiple simultaneous operations, 

organizations should implement graduated training that builds cognitive fluency before relying on wearables for 

time‑sensitive safety responses. 

CASE ANALYSES AND IMPLEMENTATIONS  

7.1 Case Study 1: Smart Glasses in a Pharmaceutical Quality Control Laboratory  

A major pharmaceutical corporation deployed smart glasses in its quality control laboratory for the examination 

of raw materials. Technicians were mandated to execute a sequence of tests adhering to stringent guidelines and 

record outcomes in a Laboratory Information Management System (LIMS). This formerly required frequent 

head rotation between the bench device and a computer screen, resulting in neck pain and possible transcription 

inaccuracies.  

Post-implementation, technicians utilized smart glasses to observe the test method phases without the need for 

hands-on interaction. They could utilize voice commands to input results straight into the LIMS. The result was 

a 15% saving in time per test and a notable reduction in documentation errors. Anonymized questionnaires 

revealed that technicians experienced reduced neck and ocular tiredness by the day's conclusion. The experiment 

established a definitive correlation between the ergonomic advantage of a neutral head posture and the safety 

benefit of enhanced procedural accuracy, as synthesized from the works of Blair (2016) and Hincapié et al. 

(2021).  

7.2 Case Study 2: Upper-Body Exoskeletons in a Biorepository  

A biobank overseeing thousands of tissue samples preserved in liquid nitrogen freezers experienced a significant 

incidence of shoulder injuries among its personnel. Retrieving boxes of samples from the depths of the freezers 

necessitated extended arm elevation in a frigid environment, creating an ideal scenario for musculoskeletal 

discomfort.  

The facility conducted a trial program utilizing passive upper-body exoskeletons for personnel engaged in 

retrieval duties. The exoskeletons provide gravity assistance to the arms, diminishing the physical exertion 

necessary to elevate them. Following a three-month experiment, EMG data indicated a substantial decrease in 

muscular activity in the trapezius and deltoid muscles. Employees subjectively noted reduced weariness and 

pain. The significant initial investment yielded a favorable cost-benefit analysis, indicating a positive return due 

to decreased workers' compensation claims and related lost-time injuries, as supported by de Looze et al. (2016) 

and Theurel & Desbrosses (2019).  

DISCUSSION 

8.0 Integrating Wearable Technology into Safety Culture  

The effective incorporation of wearable technology into laboratories necessitates more than mere acquisition of 

gadgets. It should be integral to a strategic, human-centered methodology incorporated within the organization's 

comprehensive safety culture.  

8.1 The Function of Risk Evaluation  

A comprehensive risk assessment tailored to the wearable device and the task must be performed prior to 

deployment. This evaluation should inquire:  

i. Does the gadget address a distinctly recognized safety or ergonomic issue?  

ii. What novel hazards does the device present (e.g., entanglement, distraction, cybersecurity)?  

iii. Is the equipment suitable for the laboratory setting (e.g., intrinsically safe for use with combustible 

materials)?  

iv. What is the procedure for cleaning and decontaminating the device?  
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Figure 6: Implementation Roadmap for Laboratory Wearables 

(Recommended phased approach for integrating wearables into laboratory safety culture). 

Table 3: Checklist for Implementing Wearables in a Lab 

Domain Question Yes/No Action if No 

Risk assessment Has a JSA been updated for wearable use?   

Fit & comfort Tested on diverse body types?   

Decontamination Cleanable with lab disinfectants?   

Privacy Policy on video/audio recording?   

Training Module on wearable limitations?   

Emergency Does it obstruct PPE or egress?   

8.2 Training and Change Management 

Employees must receive enough training not only on the utilization of the technology but also on its constraints. 

Change management is essential to surmount resistance. Engaging personnel in the selection and pilot-testing 

process cultivates a sense of ownership and guarantees that the selected solution effectively addresses their 

needs. Training must underscore that wearables serve to enhance human capabilities rather than supplant 

vigilance or essential safety protocols. 

8.3 Prospective Pathways and Innovative Technologies  

The prospects for wearables in laboratory settings are optimistic. Progress in battery technology, miniaturization, 

and artificial intelligence will result in products that are lighter, more powerful, and more intuitive. Prospective 

systems may incorporate:  

i. AI-Enhanced Predictive Safety: Eyewear utilizing computer vision to autonomously recognize chemical 

containers and alert the user of potential incompatible mixtures. 

ii. Advanced Bio-Monitoring: Incorporation of stress and tiredness sensors that recommend micro-breaks 

to avert cognitive mistakes. Recent research confirms that multimodal sensor fusion combining heart 

rate, skin temperature, kinematic data, and electrooculography, enables real‑time, non‑invasive fatigue 
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and stress detection in occupational settings (Papetti et al., 2025; Liang et al., 2024). Scoping review 

evidence indicates that such wearable sensor technologies "significantly contribute to workplace safety 

by providing real‑time, data‑driven insights into environmental hazards and workers' physiological 

status, thus supporting proactive health management" (Taborri et al., 2023). 

iii. Haptic Navigation: Gloves that vibrate subtly to direct a user's hand to the appropriate tool or reagent, 

therefore minimizing search duration and cognitive burden.  

What Laboratory Managers Should Ask Before Buying Wearables 

a. Have we conducted a job safety analysis (JSA) that includes the wearable device? 

b. Is the device comfortable and adjustable for all body types and existing PPE? 

c. Can it be decontaminated with our standard lab disinfectants? 

d. Is there a policy on data privacy, recording, and cybersecurity? 

e. Have we budgeted for training, maintenance, and eventual replacement? 

8.4 Research Gaps and Future Directions  

The scientific community must urgently address the substantial gaps in the evidence base, despite the promise 

of wearable technologies for laboratory ergonomics and safety. 

There are no longitudinal outcome studies. The majority of published evidence comes from short-term pilot 

studies or cross-sectional reviews. There are no long-term prospective studies that have followed rates of injury, 

incidence of MSDs, or safety outcomes for longer than 12 months. This lack hampers comprehension of 

persistent benefits vs novelty effects. 

There are no randomized ergonomic trials. Randomized controlled trials of wearable therapies vs standard 

ergonomic controls or sham devices in laboratory populations have not appeared in the wearable ergonomics 

literature. No randomization means we cannot rule out confounding by user motivation or selection bias.  

Africa laboratory scenario remains unstudied. All published implementations of wearables are from high 

income countries (United States, Germany, Japan, Netherlands). There is limited research on wearable 

technology in African labs where infrastructure, environment and hazards are likely to be very different from 

the West.  

Evidence from low-resource settings is lacking. In general, outside of the African context, there is a lack of 

research on low-cost, durable or repairable wearable solutions that would be appropriate for laboratories with 

limited funds, inconsistent electricity or poor technical support. 

 Flexibility in gender and body-size remains under-explored. Most research on exoskeleton and smart glasses 

use male dominant samples or do not mention anthropometric diversity. there is a serious lack of evidence about 

differences by sex, body size, or disability status in device fit, comfort, and effectiveness, raising equity concerns 

for deployment.  

There are currently no established governance structures for cybersecurity in laboratory wearable 

systems. There are no published research studies that have defined governance standards for laboratory wearable 

data, such as ownership, retention, breach response, or ethical limitations around video/audio recording in 

research situations. This divide brings legal and institutional vulnerabilities.  

Future research should focus on addressing these gaps through multisite collaborative trials, inclusive study 

designs, and context appropriate technology development. 
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Evaluation standardization remains absent. Despite growing interest in wearable laboratory technologies, no 

standardized evaluation framework comparable to industrial exoskeleton assessment protocols exists for 

laboratory environments. Recent work in industrial settings, including ASTM standards for exoskeleton 

ergonomic criteria (ASTM F3474‑25, 2025) and logistic assessment methods, demonstrates that standardization 

is feasible. The Exoworkathlon framework (Steinhilber et al., 2022) offers a prospective study template that 

could be adapted for laboratory exoskeleton evaluation, including task‑specific protocol design, multi‑day 

familiarization periods, and combined biomechanical‑subjective outcome measures. Adapting and validating 

such frameworks for laboratory contexts should be a high research priority. Until standardized protocols emerge, 

cross‑study comparison of wearable effectiveness will remain difficult, and evidence synthesis will be limited 

to narrative integration as seen in this review. 

 

Figure 7: Integrated Wearable Safety-Ergonomics Framework.  

This framework provides conceptual cohesiveness for the range of evidence reviewed in Sections 4 through 7. 

Crucially, the framework notes that wearables alone do not provide any advantage until monitoring promotes 

behavioral correction, whether through user action, automatic feedback or ergonomic support. If an organization 

is integrating wearable technology, it should create interventions that target each level of the framework 

specifically, rather than thinking that simply purchasing the devices will enhance outcomes. 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue V May 2026 

 

 

Page 945 www.rsisinternational.org 

 

 

Table 4. Comparative evaluation framework for wearable technologies in laboratory environments. Cost level: 

=<100; $$ = 100−1,000; $$$ = 1,000−5,000; $$$$ = >$5,000 per unit. Suitability ratings reflect author synthesis 

of available evidence and are context-dependent. 

Technology 
Primary Safety 

Benefit 

Primary 

Ergonomic 

Benefit 

Main Risk / 

Drawback 
Cost Level 

Laboratory 

Suitability 

Smart glasses 

(e.g., Google 

Glass) 

Hands-free SDS 

access, 

emergency 

protocols 

Neutral neck 

posture (reduces 

head rotation) 

Distraction, tunnel 

vision, eyewear 

compatibility 

$$ 

(Moderate-

High) 

High for QC, low for 

wet chemistry 

AR headsets 

(e.g., 

HoloLens) 

Hazard labeling, 

procedural 

overlay 

Reduced head 

movement during 

complex tasks 

Cybersickness, 

high cost, battery 

life 

$$$ (High) 
Moderate (training, 

assembly) 

Passive arm 

exoskeleton 

N/A (no direct 

safety function) 

Shoulder support 

during BSC/hood 

work 

Bulk, fit 

variability, 

cleaning difficulty 

$$ 

(Moderate) 

High for BSC-

intensive labs 

Passive back 

exoskeleton 

Reduces lifting-

related injury risk 

Spinal load 

reduction during 

material handling 

Entanglement 

hazard, heat 

retention 

$$ 

(Moderate) 

Moderate (material-

heavy labs) 

Active 

exoskeleton 

Powered lifting 

assistance 

Maximum load 

reduction 

Battery failure, 

weight, high cost 

$$$$ (Very 

high) 

Low (except 

specialized) 

Posture-

sensing 

wearable 

(haptic) 

Prevents 

ergonomic injury 

accumulation 

Real-time posture 

feedback 

Privacy concerns, 

data security 

$ (Low-

Moderate) 

High (microscopy, 

pipetting) 

Environmental 

sensor badge 

Gas leak, O2, 

radiation alerts 

None (monitoring 

only) 

False alarms, 

calibration needs 

$$ 

(Moderate) 

High 

(chemical/biological 

labs) 

CONCLUSION  

Wearable technology signifies a substantial advancement in laboratory safety and ergonomics. Smart glasses 

and augmented reality systems provide a transformative enhancement in safety awareness by presenting essential 

information contextually and without the need for hands, thus minimizing errors and enhancing emergency 

response. Exoskeletons alleviate the physical requirements of laboratory tasks, offering substantial assistance to 

reduce the likelihood of work-related musculoskeletal problems. The prospective advantages for personal 

welfare and organizational efficacy are considerable.  

9.1 Limitations  

Findings should be interpreted with regard to many methodological limitations of this research. First, this 

research was a narrative review and not a systematic review with PRISMA principles, hence there was no 

published process, no dual independent screening, and no quality assessment of included papers. Therefore, 

significant research may have been inadvertently missed and the synthesis represents the selection and 

interpretation of the authors. Second, the literature base is likely to be subject to publication bias, whereby 

research reporting positive or significant findings are disproportionately more likely to be published than null or 

negative findings. Third, no quantitative summary effect sizes can be presented for any wearable intervention as 

none of the studies was meta-analyzed. Fourth, laboratory-specific datasets are quite scarce. Most of the wearable 

ergonomics studies are from manufacturing, logistics or healthcare environments. Fifth, the research extrapolates 

from industrial settings to lab contexts, recognizing that lab hazard profiles, workflow patterns, and 

contamination requirements differ dramatically. Sixth, there are no established ergonomic outcome 

measurements for wearable therapies, hence no direct comparison across research is possible. Seventh, the case 

studies given are based on published pilot reports, but raw data were not available for independent validation. 
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Finally, while efforts were made to include a broad geographical range of sources, the evidentiary basis remains 

largely North American and European.  

Glossary (Appendix) 

MSD – Musculoskeletal disorder 

SDS – Safety Data Sheet 

AR – Augmented Reality 

BSC – Biosafety Cabinet 

EMG – Electromyography 

LIMS – Laboratory Information Management System 

HCS – Hazard Communication Standard 

NIOSH – National Institute for Occupational Safety and Health 

PPE – Personal Protective Equipment 

BSL – Biosafety Level 
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