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Abstract

Manual stair transport of bariatric patients imposes substantial physical demands on fire-
fighters. This study evaluated the effects of manikin weight and transport direction on
physiological responses during simulated stair transport. Twelve male professional fire-
fighters, organised into three four-person teams, transported a bariatric (215.5 kg) and
a standard-weight (85 kg) manikin up and down a staircase. Pulse rate and respiratory
rate were measured before and immediately after transport, with pulse rate reassessed
after one minute of recovery. Perceived exertion was assessed using the Borg scale. Data
were analysed using two-way repeated-measures analysis of variance (ANOVA) and paired
comparisons. Manikin type significantly affected changes in pulse rate and respiratory
rate and short-term pulse rate recovery. Transport direction significantly affected pulse
rate change and recovery, but not respiratory rate change. The mean increase in pulse
rate was greater during upward than downward bariatric transport (48.17 + 16.94 versus
25.83 £ 22.96 beats/min; p = 0.044). Borg scores indicated high perceived exertion in both
directions, without a statistically significant difference between them. These findings sup-
port combined physiological and perceived-exertion monitoring in firefighter training and
the development of safer bariatric transport procedures.

Keywords: bariatric patient; firefighters; physiological workload; patient transport; simulation;
occupational safety

1. Introduction

Obesity represents a complex medical and social problem with a multifactorial na-
ture. Its development is determined by the interaction of genetic predisposition, lifestyle,
psychosocial factors, and the environment. According to the World Health Organization
(WHO), overweight is defined as a body mass index (BMI) of >25 kg/m?, whereas obesity
is defined as a BMI of >30 kg/m? [1,2]. Obesity may complicate the provision of first
aid, prolong the response time of emergency services, and require specialised technical
equipment and personnel [3].

The transport of patients with obesity presents significant challenges in both prehospital
and hospital care due to increased physical, anatomical, and logistical demands. In patients
with severe obesity, standard transport equipment and procedures may be inadequate,
potentially compromising the safety of both patients and rescue personnel [4-6].

The transport of patients with obesity may involve various technical, personnel-related,
and logistical challenges that can prolong patient evacuation and transfer to a healthcare
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facility. Technical barriers include limitations in the load capacity and dimensions of
transport equipment, restricted access to elevators, narrow doorways, and insufficient
staircase width. Personnel-related challenges include the need for additional responders,
increased physical workload, a higher risk of musculoskeletal injuries, and insufficient
specialised training. Logistical challenges involve the availability of appropriate transport
equipment, the costs associated with specialised stretchers and lifting devices, and the need
for coordinated transport procedures. These factors may compromise transport efficiency
and increase the physical demands placed on emergency responders [7-9].

In Slovakia, when Emergency Medical Services are unable to transport a patient with
obesity independently, and the patient’s life or health is at risk, assistance may be requested
from the Fire and Rescue Service in accordance with the applicable legal framework [10,11].

Technical rescue operations involving the transport of obese patients may lead to
a significant prolongation of intervention time, particularly when specialised equipment or
alarger number of responders is required. For firefighters and emergency medical personnel,
these incidents represent a high physical and psychological workload and are associated
with an increased risk of musculoskeletal injuries during manual patient handling [12-14].

During firefighting operations, manual handling represents an important occupational
safety concern, particularly during rescue activities involving heavy loads. In Slovakia, man-
ual handling is regulated by Government Regulation No. 281/2006 Coll. on the minimum
safety and health requirements for manual handling of loads. Annex 2 specifies maximum
permissible load weights according to workers’ age, sex, and handling conditions. For
men aged 18-29 years, these limits are 50 kg under favourable conditions and 40 kg under
unfavourable conditions for the specified manual handling tasks, with lower limits applying
to older age groups [15]. However, these values cannot be directly interpreted as permissi-
ble patient weights during coordinated multi-person transport, where load distribution,
working posture, environmental conditions, and task duration must also be considered.

At the European Union level, Council Directive 90/269/EEC establishes minimum
requirements for the prevention and assessment of risks associated with manual handling
but does not specify a uniform maximum permissible load weight [16]. In Germany,
manual handling risks are assessed using task-specific methods that consider load weight,
working posture, handling frequency, and other relevant factors [17]. Similarly, in the
United Kingdom, the Manual Handling Operations Regulations 1992 do not prescribe
a fixed maximum weight but require employers to assess and reduce the risk of injury [18].

In the United States, the Occupational Safety and Health Administration (OSHA) does
not establish a general maximum permissible lifting weight [19]. However, the National
Institute for Occupational Safety and Health (NIOSH) provides the Revised NIOSH Lifting
Equation, which estimates recommended weight limits based on factors such as lifting
frequency, load position, asymmetry, and handling conditions. Its reference load constant of
23 kg (511b) is used for ergonomic risk assessment and does not represent a legally binding
lifting limit [20]. These international approaches highlight the importance of evaluating
the physical demands of bariatric patient transport, particularly when heavy loads must be
handled in confined spaces or on staircases.

The transport of a bariatric patient is not only a logistical and organisational chal-
lenge but also represents a significant physical workload for members of the transport
team. Increased patient body weight leads to increased physical load, higher muscular
demands, and the need for greater cooperation among responding personnel. The physical
demands of transport increase further when handling patients in confined spaces and when
using staircases, where the cardiovascular and respiratory systems are subjected to greater
strain [4,13]. Horn et al. [21] investigated core temperature and pulse rate responses during
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repeated firefighting activities, highlighting the physiological demands associated with
physically strenuous firefighting tasks.

Manual handling of bariatric patients presents significant ergonomic and occupational
safety challenges. Cowley and Leggett [7] examined manual handling risks associated
with bariatric patient care and transport, highlighting the importance of appropriate han-
dling procedures and equipment. Similarly, Sinden et al. [22], in a qualitative study of
female firefighters, identified physical demands and occupational challenges associated
with firefighting activities. These findings emphasise the importance of considering not
only patient body weight but also handling techniques, transport duration, the number of
personnel involved, the availability of technical equipment, and environmental conditions
when planning rescue operations.

Cienki [23] highlighted the importance of material and technical resources during
incidents involving bariatric patients and emphasised that the lack of specialised trans-
port devices, lifting equipment, and appropriate logistical procedures increases the risk
of injuries among rescuers. Similar conclusions were reported by Cowley and Leggett [7],
who emphasised the importance of ergonomic procedures, the availability of appropriate
equipment, and professional training for personnel involved in handling bariatric patients.
The importance of simulation-based training in improving emergency personnel prepared-
ness was demonstrated by Gable et al. [13], who reported significant improvements in
participants’ knowledge and self-reported confidence following an educational programme
focused on bariatric patient care and transport. Gable and Duncan [24] subsequently de-
scribed the use of simulation to identify operational challenges and improve fire department
standard operating procedures for bariatric patient extrication. These studies highlight
the potential of simulation as a tool for improving preparedness and refining operational
procedures, although they did not directly quantify firefighters” physiological responses
during manual stair transport.

The transport of patients with extreme obesity in emergency medical services was
examined by Wissuwa and Puchstein [8], who emphasised the importance of specialised
transport equipment, adequate infrastructure, and early operational planning. Their find-
ings highlight the need for coordinated preparation, appropriate technical resources, and
cooperation among emergency responders to ensure safe patient transport.

During firefighting operations, the rescue of bariatric patients represents a particular
challenge due to limited working space, the need for technical extrication, and the high
physical demands placed on the responding team. Hunt [25] described tactical procedures
for rescuing bariatric fire victims, including the use of specialised harnesses, winches, pulley
systems, and alternative evacuation routes. The findings of available studies indicate the
need for a multidisciplinary approach combining technical preparedness, simulation-based
training, organisational planning, and protection of responders’ health.

Objective assessment of the physiological response of emergency responders makes
it possible to better characterise the actual physical demands of these activities. Relevant
indicators include changes in pulse rate, blood pressure, peripheral oxygen saturation,
respiratory rate, and subjective assessment of perceived exertion using the Borg Rating of
Perceived Exertion (RPE) scale. The combination of objective and subjective parameters
provides a more comprehensive picture of the physical workload experienced by rescue
personnel and enables the identification of high-risk situations from the perspective of
responder safety [21,26,27].

Previous research has highlighted the importance of evaluating physiological and
biomechanical demands during rescue operations involving stair evacuation. Lavender
et al. [28] investigated the physical demands placed on firefighters using hand-carried stair
descent devices, assessing pulse rate, muscle activity, and perceived exertion. Their find-
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ings demonstrated that the characteristics of evacuation equipment and the positioning of
rescuers can influence physical workload during stair transport. Furthermore, recent devel-
opments in wearable and wireless physiological monitoring technologies offer opportunities
for continuous assessment of physical strain in occupational settings. Bustos et al. [29],
in a systematic review, highlighted the potential of physiological monitoring systems for
assessing occupational workload, including physically demanding activities performed by
firefighters. Such technologies may support the identification of excessive physiological
strain; however, their reliability and practical applicability under real emergency conditions
require further evaluation.

Statistical and Practical Background of the Issue

Obesity remains a significant public health concern in both the European Union and
Slovakia. According to Eurostat, 16.3% of adults in the European Union were classified
as obese in 2025 [30]. In Slovakia, an obesity prevalence of 16.8% was reported for 2022
based on Eurostat data, while a separate national healthcare report indicated a prevalence
of 19.4% among adults [31]. These figures originate from different reporting periods and
sources and should therefore not be interpreted as directly comparable estimates.

The transport of patients with extreme obesity may exceed the personnel and technical
capabilities of standard prehospital care, requiring cooperation between Emergency Medical
Services and the Fire and Rescue Service. In such cases, firefighters may be requested
to provide assistance with patient transport, particularly when additional personnel or
specialised equipment are needed. Figure 1 presents the annual number of requests from
Emergency Medical Services for firefighter assistance with the transport of obese patients
in Slovakia between 2020 and 2024.
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Figure 1. Number of cases requiring firefighter assistance with the transport of obese patients in
Slovakia between 2020 and 2024 [32].

Figure 1 illustrates the annual number of requests from Emergency Medical Services
for firefighter assistance with the transport of obese patients in Slovakia between 2020 and
2024. The highest number of requests was recorded in 2022 (184), followed by a decrease to
166 in 2023 and 149 in 2024. These data indicate a declining trend in the number of requests
for firefighter assistance between 2022 and 2024.

The Slovak Fire and Rescue Service has established general tactical and methodological
procedures addressing the rescue of persons (Methodological Sheet No. 7), the risk of
physical exhaustion (Methodological Sheet No. 120), and joint operations with Emergency
Medical Services (Methodological Sheet No. 150). However, the examined publicly avail-
able collection of tactical and methodological procedures does not include a dedicated
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document specifically addressing the transport of patients with obesity. This indicates a gap
in the publicly accessible methodological guidance and supports the need for experimental
evidence to inform the development of more specific recommendations for safe bariatric
patient transport [33].

Despite the recognised physical demands of bariatric patient transport, experimental
evidence on the physiological responses of firefighters during manual stair transport remains
limited [13,24,28]. In particular, the combined effects of transported load weight and
transport direction on cardiovascular and respiratory responses under realistic spatial
conditions have not been sufficiently investigated. The scientific contribution of this study
lies in comparing the physiological responses of the same firefighters during the simulated
transport of a bariatric manikin weighing 215.5 kg and a standard-weight manikin weighing
approximately 85 kg, both upstairs and downstairs. The study integrates cardiovascular
and respiratory measurements, perceived exertion, and short-term post-transport recovery,
providing a comprehensive assessment of the physiological workload associated with
different transport conditions.

Therefore, the aim of this study was to evaluate the physiological responses of fire-
fighters according to manikin type and transport direction under controlled experimental
conditions. The findings may provide a scientific basis for developing more specific recom-
mendations concerning occupational safety, personnel requirements, transport planning,
and practical training for the transport of bariatric patients.

2. Methods

An experimental repeated-measures study was conducted in a building of the Univer-
sity of Zilina, Slovakia, to evaluate firefighters’ physiological responses during the simulated
stair transport of standard-weight and bariatric manikins. The experiment was performed
under standardized conditions and involved transporting the manikins both upstairs and
downstairs over five floors. The transport route followed the main staircase between the
ground floor (1st floor) and the sixth above-ground floor. The staircase consisted of six floors
with intermediate landings. Each flight of stairs comprised ten steps. The dimensions of
each step were: width 106 cm, depth 30 cm, and height 15 cm. The length of one flight of
stairs was 354 cm. The dimensions of each landing were 150 x 267 cm. The total staircase
width was 106 cm, and the distance from the handrail to the opposite wall was 125 cm.

The transport tasks were performed under normal indoor conditions during regular
building operation. The staircase contained furnishings typical of the building’s everyday
use, reflecting the actual operating conditions of the facility. The total transport route
measured approximately 65.4 m and included 100 stair steps with a total vertical elevation
of approximately 15.0 m. The technical parameters and dimensions of the staircase and
transport route are presented in Table 1.

The experiment involved 12 members of the Slovak Fire and Rescue Corps (professional
firefighters) who were attending periodic professional training as part of their occupational
duties at the time of the study. All participants were actively performing their occupa-
tional duties and were not on medical leave at the time of the experiment. Their ability
to participate in physically demanding activities was therefore assumed based on their
active professional status. No additional medical examinations were performed specifically
for this study, and no additional inclusion or exclusion criteria related to age, body mass
index (BMI), or physical fitness were established. They were divided into four-member
groups according to their physical fitness and body mass index (BMI). Before inclusion in
the study, all participants signed an informed consent form for the processing of personal
data and consented to participation in the experiment, including photographic and video
recording. Each group completed a series of transport tasks in both directions. Physiological
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parameters were recorded before transport (M1), immediately after transport (M2), and
one minute after completion of transport (M3). Transport time and subjective perception of
exertion using the Borg Rating of Perceived Exertion scale were also recorded. The Borg scale
ranges from 6 (no exertion) to 20 (maximal exertion) and allows participants to subjectively
assess the intensity of physical exertion. Higher scores indicate greater perceived physical
exertion [34]. Recovery breaks were provided between individual transport tasks to allow
participants to recover from the preceding physical exertion. These recovery periods were
distinct from spontaneous rest breaks taken during the transport of both the bariatric and
standard-weight manikins in both directions. Participants independently decided when to
take these breaks based on their perceived physical exertion and fatigue. The duration of
spontaneous breaks was not recorded separately. Physiological changes in the participants
were recorded by healthcare professionals (registered nurses and paramedics).

Table 1. Basic technical parameters of the transport route.

Parameter Value
Number of floors 6
Transport route Ground floor (1st floor) < 6th floor
Horizontal section before the staircase 10.0 m
Horizontal section after the staircase 50m
Number of stair flights 10
Number of steps per flight 10
Total number of steps 100
Step dimensions (width x depth x height) 106 x 30 x 15 cm
Length of one stair flight 354 cm
Landing dimensions 150 x 267 cm
Staircase width 106 cm
Distance from handrail to wall 125 cm
Total vertical elevation 15.0 m
Total transport route length 65.4m

The experiment was designed as a multifactorial repeated-measures study. The in-
fluence of two experimental factors on the physiological response of the participants was
evaluated: (1) the type of transported manikin (standard-weight or bariatric) and (2) the
transport direction (upstairs or downstairs). The dependent variables were pulse rate,
systolic and diastolic blood pressure, peripheral oxygen saturation, respiratory rate, body
temperature, and subjective perception of exertion assessed using the Borg Rating of Per-
ceived Exertion scale.

2.1. Standardization of Experimental Conditions

All transport tasks were performed according to a predefined protocol under con-
trolled and comparable experimental conditions. Standardization included the use of the
same staircase and transport route, consistent manikin weights for the corresponding trans-
port conditions, four-member transport teams, and a uniform physiological measurement
procedure. The manikins were transported in a lying position throughout the experi-
ment, ensuring comparable positioning during individual transport tasks. Physiological
parameters were recorded at three predefined measurement points: before transport (M1),
immediately after transport (M2), and one minute after completion of transport (M3).

The experiment was conducted in an indoor environment under comparable ambi-
ent temperature conditions and normal visibility. The transported manikins simulated
patients of different body weights but did not fully reproduce the anatomical, physiological,
or behavioural characteristics of living patients. The experiment did not simulate a life-
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threatening situation, fire, or other emergency incident. Consequently, the transport tasks
were performed without the additional operational and psychological demands associated
with actual emergency interventions.

Participants wore standardized working clothing (duty uniforms) and performed
all tasks without helmets while wearing protective work gloves. During the testing day,
the consumption of alcohol, caffeinated beverages, and other psychoactive substances was
prohibited. Drinking water and refreshments were available throughout the experiment.
Before testing, all participants received instructions regarding the experimental procedure,
safety rules, and the method used for subjective assessment of perceived exertion.

2.2. Characteristics of the Transported Manikins

Two types of manikins representing different patient weight categories were used in
the experiment. The standard-weight manikin (Ruth Lee Duty Training Manikin, model
RLNB80, Ruth Lee Ltd., Corwen, UK) had a nominal weight of 80 kg, which increased to ap-
proximately 85 kg with the addition of firefighting protective clothing and equipment [35].
The bariatric manikin was custom-built and simulated a patient weighing 215.5 kg. The
manikins were maintained in an identical position during all transport tasks to ensure stan-
dardized loading conditions. The characteristics of the transported manikins are presented
in Table 2.

Table 2. Characteristics of the transported manikins.

Parameter Standard-Weight Manikin Bariatric Manikin
Weight 85 kg 2155 kg
Height 183 cm 230 cm
Type Simulated patient Simulated patient
Joints Flexible Flexible
Construction Polyester Concrete, hay, sawdust
Position during transport Fixed (standardized) Fixed (standardized)
Manufacturer Ruth Lee Custom-built

2.3. Technical Equipment

Standardized measuring instruments and equipment were used to collect anthropo-
metric and physiological data. Arterial blood pressure was measured using an automatic
blood pressure monitor (Veroval Compact BPU22, HARTMANN, Heidenheim, Germany).
Peripheral oxygen saturation (SpO,) and pulse rate were recorded using a pulse oximeter
(Contec CMS50D, Contec Medical Systems Co., Ltd., Qinhuangdao, China). Body tem-
perature was measured using a non-contact infrared forehead thermometer (LIVSANE
FDIR-V22, PXG Pharma GmbH, Heidenheim, Germany) [36].

2.4. Termination of the Experiment

The experiment was terminated after approximately 4 h of transport tasks due to
cumulative physical fatigue of the participants.

The decision to terminate the experiment was made jointly by the organizing team and
the healthcare personnel. The primary reason was the marked increase in physical fatigue
among the participants and the need to ensure their safety while minimizing the risk of
health complications.

2.5. Statistical Analysis

The collected data were processed using Statistica 10.0 software (TIBCO Software, Palo
Alto, CA, USA) and JASP version 0.96.0.0 (University of Amsterdam, The Netherlands).
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Descriptive statistics were used to summarize the basic characteristics of the evaluated vari-
ables, including calculation of the arithmetic mean, standard deviation, median, and range.

Repeated-measures analysis of variance (ANOVA) was used to assess the effects of
manikin type and transport direction on the measured physiological parameters. The
F-statistic was used to evaluate the effects of the experimental factors, while effect sizes
were expressed using partial eta-squared (np?). Values of approximately 0.01, 0.06, and
0.14 were interpreted as small, medium, and large effects, respectively, serving as general
guidelines rather than strict classification criteria [37].

Spearman’s rank correlation analysis was used to examine relationships between
participants’ individual characteristics and physiological responses during bariatric manikin
transport. Correlations were assessed separately for upward and downward transport and
for differences between the two directions. The strength of correlations was interpreted
using the absolute value of Spearman’s rho: 0.00-0.19 (very weak), 0.20-0.39 (weak),
0.40-0.59 (moderate), 0.60-0.79 (strong), and 0.80-1.00 (very strong).

Paired Student’s t-tests and Wilcoxon signed-rank tests were used to compare changes
in pulse rate, respiratory rate, and Borg scores between transport directions. Normality
of paired differences was assessed using the Shapiro-Wilk test. Cohen’s d was used to
quantify the effect size of paired comparisons, with absolute values of approximately 0.20,
0.50, and 0.80 indicating small, medium, and large effects, respectively.

Statistical significance was evaluated at « = 0.05. Correlation analyses were considered
exploratory, and their p-values were not adjusted for multiple comparisons.

3. Results

All participants were male and underwent baseline anthropometric and physiological
measurements before the beginning of the experiment.

Table 3 presents the basic characteristics of the study population, including age, body
height, body weight, body mass index (BMI), A Body Shape Index (ABSI), waist circum-
ference, and baseline physiological parameters. The obtained data represent the baseline
values of the individual participants before the experimental transport tasks and serve as
a reference for the subsequent evaluation of changes in physiological parameters during
the experiment.

Table 3. Baseline anthropometric and physiological characteristics of the participants (n = 12).

Variable Mean + SD Min Max
Age (years) 33.6+7.4 24 46
Body height (cm) 182.8 £ 5.0 174 191
Body weight (kg) 95.0 + 16.9 75.0 140.0
Waist circumference (cm) 99.7 £ 11.6 80 125
BMI (kg/m?) 284143 224 40.0
ABSI 0.1 0.1 0.1
Systolic blood pressure 1423 + 13.2 120 165
(mmHg)
Diastolic blood pressure 85.8 + 92 74 107
(mmHg)
Pulse rate (bpm) 774+ 148 63 118
Penpherfﬂ ongen 975+12 95 99
saturation (%)
Respiratory rate
(breaths/min) 138+ 1.9 11 16
Body temperature (°C) 36.8+ 0.5 36.1 37.8
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3.1. Changes in Physiological Parameters According to Manikin Type and Transport Direction

Descriptive analysis was performed to evaluate physiological responses during the
simulated transport of bariatric and standard-weight manikins in both directions. Systolic
and diastolic blood pressure, pulse rate, peripheral oxygen saturation (SpO,), respiratory
rate, and body temperature were assessed before transport (M1), immediately after trans-
port (M2), and one minute after transport (M3). The descriptive statistics for all four
experimental conditions are presented in Table 4.

Table 4. Descriptive statistics of physiological parameters according to manikin type, transport
direction, and measurement time (n = 12).

Mamlfm Parameter Measurement n Mean Median Minimum Maximum SD
Direction
M1 12 13992  135.00 110.00 176.00 19.37
Systolic blood M2 12 14783 14500 120.00 200.00 23.04
pressure (mmHg)
M3 12 13508 13250 115.00 160.00 12.17
M1 12 8417 83.50 70.00 106.00 9.52
Diastolic blood M2 12 8400 8150 73.00 100.00 9.18
pressure (mmHg)
M3 12 7942 79.00 68.00 100.00 8.61
M1 12 8217 81.50 66.00 97.00 9.07
Pulse rate (bpm) M2 12 13033 13550 103.00 148.00 15.50
Bariatri M3 12 10025  99.00 81.00 122.00 11.83
ariatric
Upstairs M1 12 96.83 97.00 95.00 98.00 1.03
Peripheral oxygen M2 12 9658  97.00 94.00 98.00 1.44
saturation (SpO,, %)
M3 12 9650 96.50 92.00 99.00 2.07
M1 12 1650 16.00 12.00 22.00 2.84
Respiratory rate M2 12 2533 2400 16.00 36.00 6.53
(breaths/min)
M3 12 2008 19.50 15.00 27.00 3.85
M1 12 3640 36.35 35.70 37.20 0.47
Body t‘éf}gfrawre M2 12 3640 3635 36.10 36.80 0.26
M3 12 3654 36.40 36.10 37.80 0.44
M1 12 12767 12850 96.00 155.00 16.39
Systolic blood M2 12 15358  149.00 120.00 190.00 19.79
pressure (mmHg)
M3 12 14175  141.00 128.00 162.00 10.11
M1 12 8158 78.50 69.00 110.00 12.01
Diastolic blood M2 12 8408  82.00 70.00 107.00 10.64
pressure (mmHg)
Bariatric M3 12 8450 84.50 70.00 100.00 731
Downstairs M1 12 84.17 82.50 61.00 130.00 21.75
Pulse rate (bpm) M2 12 11000 112,50 77.00 143.00 18.09
M3 12 9092 88.00 76.00 136.00 16.12
M1 12 97.00 97.00 96.00 98.00 0.85
Peripheral oxygen M2 12 9542 9550 91.00 98.00 1.93
saturation (SpO,, %)
M3 12 9642 96.50 95.00 98.00 1.08
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Table 4. Cont.
Mamlfm Parameter Measurement n Mean Median Minimum Maximum SD
Direction
M1 12 15.58 15.00 12.00 24.00 3.34
Respiratory rate M2 12 2808 28.50 20.00 36.00 535
(breaths/min)
M3 12 23.08 23.00 18.00 28.00 3.85
M1 12 36.48 36.55 35.80 36.80 0.30
Body te(ﬂncp)eramre M2 12 3639 36.40 35.50 37.30 0.56
M3 12 36.17 36.20 35.40 37.00 0.53
M1 12 13050  127.00 110.00 195.00 23.67
Systolic blood M2 12 14642  143.00 120.00 195.00 21.96
pressure (mmHg)
M3 12 13617  136.50 120.00 160.00 12.57
M1 12 79.08 80.00 60.00 100.00 10.93
Diastolic blood M2 12 85.58 86.00 70.00 103.00 8.23
pressure (mmHg)
M3 12 84.17 81.50 60.00 112.00 13.76
M1 12 91.33 92.00 74.00 114.00 11.99
Pulse rate (bpm) M2 12 96.75 95.50 75.00 124.00 14.88
Standard- M3 12 8958 8750 7400 120.00 12.94
weight
Downstairs M1 12 96.58 97.00 94.00 98.00 1.38
Peripheral oxygen M2 12 9667 9600 96.00 99.00 0.98
saturation (SpO,, %)
M3 12 96.58 96.50 94.00 99.00 1.44
M1 12 15.17 15.00 10.00 24.00 4.37
Respiratory rate M2 12 21.67 22.00 12.00 28.00 5.43
(breaths/min)
M3 12 17.83 18.00 13.00 24.00 3.49
M1 12 36.54 36.55 36.20 36.80 0.16
Body t‘éﬂ“cf’)erature M2 12 3607 3600 34.90 37.40 0.67
M3 12 36.18 36.15 35.00 37.20 0.56
M1 12 13242  130.00 117.00 160.00 11.95
Systolic blood M2 12 14617 14150 110.00 205.00 24.75
pressure (mmHg)
M3 12 13092  126.50 110.00 170.00 18.95
M1 12 81.08 80.50 70.00 96.00 6.97
pggﬁ;’é‘gﬁﬁ;ﬁg) M2 12 8517 8650 60.00 110.00 13.86
Standard- M3 12 7833  80.00 67.00 90.00 6.67
weight
Upstairs M1 12 84.75 81.50 66.00 111.00 13.48
Pulse rate (bpm) M2 12 11008  105.50 88.00 150.00 16.40
M3 12 91.58 92.00 67.00 116.00 11.96
M1 12 95.75 96.00 93.00 99.00 1.66
Peripheral oxygen M2 12 9633 9650 91.00 99.00 227
saturation (SpO,, %)
M3 12 96.00 96.50 92.00 99.00 2.22
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Table 4. Cont.

Manikin

. . Parameter Measurement n Mean Median Minimum Maximum SD
Direction
M1 12 1542 15.00 12.00 20.00 2.19
Respiratory rate M2 12 2042 20.00 16.00 28.00 3.85
(breaths/min)
M3 12 1675 16.00 14.00 20.00 2.18
M1 12 3655 36.45 35.00 37.70 0.74
Body te(f‘CF’)eramre M2 12 3636 36.35 35.60 37.10 0.34
M3 12 3640 36.40 35.60 37.10 033

The most pronounced physiological changes were observed in pulse rate and respi-
ratory rate. During upward transport of the bariatric manikin, mean pulse rate increased
from 82.17 £ 9.07 bpm before transport to 130.33 £ 15.50 bpm immediately after transport.
After one minute of recovery, it decreased to 100.25 & 11.83 bpm but remained above the
baseline value. This condition was associated with the greatest mean pulse rate increase
among the four experimental conditions.

Respiratory rate increased following transport under all experimental conditions. The
highest mean respiratory rate after transport was observed during downward transport
of the bariatric manikin, increasing from 15.58 + 3.34 to 28.08 + 5.35 breaths/min. After
one minute, respiratory rate decreased to 23.08 + 3.85 breaths/min but remained elevated
compared with baseline. These findings demonstrate that the greatest cardiovascular and
respiratory responses were not observed under the same transport condition.

Systolic blood pressure increased following transport under all experimental condi-
tions. The highest mean post-transport value was recorded during downward transport
of the bariatric manikin (153.58 + 19.79 mmHg). Changes in diastolic blood pressure
were less pronounced and varied across transport conditions. Peripheral oxygen saturation
generally remained within a relatively narrow range, although the greatest mean decrease
was recorded during downward transport of the bariatric manikin (from 97.00 £ 0.85% to
95.42 + 1.93%). Body temperature showed relatively small changes across the experimen-
tal conditions.

During upward transport of the bariatric manikin, all three four-member teams took
spontaneous short rest breaks on the staircase landings. These breaks were not predefined
in the experimental protocol but were initiated by participants in response to perceived
physical exertion and fatigue. Their occurrence demonstrates that continuous manual
transport was not maintained throughout this demanding task and represents an important
consideration when interpreting the physiological measurements.

Overall, the descriptive results indicate that the physiological response varied according
to manikin type, transport direction, and the parameter assessed. Upward transport of the
bariatric manikin was associated with the greatest increase in pulse rate, whereas downward
transport of the same manikin produced the greatest increase in respiratory rate. These
observations provide a basis for the subsequent analysis of physiological changes and the
statistical evaluation of the effects of manikin type and transport direction.

3.2. Subjective Assessment of Physical Exertion Using the Borg Rating of Perceived Exertion Scale

The Borg Rating of Perceived Exertion (RPE) scale was used to assess participants’
subjective perception of physical exertion immediately after each transport task. This
assessment complemented the objectively measured physiological parameters and provided
additional information on perceived physical workload according to manikin type and
transport direction. The descriptive results are presented in Table 5.
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Table 5. Subjective assessment of physical exertion using the Borg Rating of Perceived Exertion
(RPE) scale.

Manikin Type Fg;ﬂzgzg n Mean Median Minimum  Maximum SD
Bariatric Downstairs 12 16.42 15.50 12 20 2.43
manikin Upstairs 12 17.17 17.00 15 20 1.85
Standard- Downstairs 12 8.00 7.00 6 13 2.34

weight manikin Upstairs 12 8.58 8.50 6 14 2.19

The results demonstrated substantially higher perceived exertion during transport
of the bariatric manikin than during transport of the standard-weight manikin in both
directions. The highest mean Borg score was recorded during upward transport of the
bariatric manikin (17.17 £ 1.85), followed by downward transport (16.42 + 2.43). In contrast,
considerably lower scores were recorded during transport of the standard-weight manikin,
with mean values of 8.00 and 8.58 for downward and upward transport, respectively.

Although mean Borg scores were slightly higher during upward transport for both
manikin types, the differences between transport directions were relatively small compared
with those observed between manikin types. These descriptive findings indicate that
participants consistently perceived the transport of the heavier manikin as more physically
demanding, regardless of transport direction.

From a scientific perspective, the subjective assessment provides complementary in-
formation to the objective physiological measurements and demonstrates differences in
perceived exertion associated with the two transport loads. The combined evaluation of
subjective and physiological responses may contribute to a more comprehensive assessment
of physical workload during simulated bariatric patient transport. From an operational
perspective, the Borg scale may serve as a simple supplementary tool during firefighter
training to support the recognition of perceived physical strain and fatigue. Its use alongside
objective physiological indicators may help inform decisions regarding rest periods and
personnel rotation during physically demanding transport operations.

3.3. Physiological Response to Transport-Related Workload

To evaluate the physiological response to transport-related workload, changes in the
monitored parameters were calculated from measurements obtained before transport (M1),
immediately after transport (M2), and one minute after transport (M3). While Table 4
presents the absolute physiological values, Table 6 summarizes the calculated changes
according to manikin type and transport direction. Changes in pulse rate, respiratory rate,
blood pressure, peripheral oxygen saturation, and body temperature were calculated as
M2 — M1. Pulse rate recovery was expressed as M3—M2, while residual pulse rate change
was calculated as M3—M1.

The greatest mean increase in pulse rate was observed during upward transport of
the bariatric manikin (48.17 £+ 16.94 bpm), whereas the smallest increase occurred dur-
ing downward transport of the standard-weight manikin (5.42 + 9.10 bpm). Pulse rate
increases were greater during transport of the bariatric manikin than during transport of
the standard-weight manikin in both directions. These descriptive findings indicate greater
cardiovascular demands associated with the heavier transported load, particularly during
upward stair transport.
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Table 6. Changes in physiological parameters following transport-related workload according to
manikin type and transport direction.

gf;lndsir,:g; Physiological Parameter Mean Median Min Max SD
A Pulse rate (bpm) 25.83 27.00 —22.00 58.00 22.96
A Respiratory rate (breaths/min) 12.50 11.00 2.00 22.00 6.22
A Systolic BP (mmHg) 25.92 22.50 —-3.00 63.00 18.68
Bariatric A Diastolic BP (mmHg) 2.50 4.00 —13.00 15.00 10.10
downstairs A SpO, (%) ~1.58 ~1.00 ~7.00 2.00 231
A Temperature (°C) —0.09 —0.20 -1.10 1.20 0.72
Pulse rate recovery (bpm) —19.08 —16.00 —39.00 3.00 13.45
Residual pulse rate change (bpm) 6.75 13.50 —53.00 27.00 20.46
A Pulse rate (bpm) 542 5.50 —5.00 30.00 9.10
A Respiratory rate (breaths/min) 6.50 9.00 —10.00 16.00 8.46
A Systolic BP (mmHg) 15.92 18.00 —58.00 85.00 34.42
Standard A Diastolic BP (mmHg) 6.50 9.00 —23.00 32.00 12.92
downstairs A SpO, (%) 0.08 0.00 —2.00 2.00 1.31
A Temperature (°C) —0.48 —0.60 —1.50 0.80 0.61
Pulse rate recovery (bpm) -7.17 —4.50 —25.00 3.00 9.06
Residual pulse rate change (bpm) -1.75 0.50 —16.00 6.00 7.26
A Pulse rate (bpm) 48.17 46.50 19.00 77.00 16.94
A Respiratory rate (breaths/min) 8.83 8.00 —2.00 21.00 6.91
A Systolic BP (mmHg) 7.92 2.00 —12.00 72.00 22.71
Bariatric A Diastolic BP (mmHg) -0.17 1.00 —20.00 13.00 8.26
upstairs A SpO, (%) —0.25 0.00 —4.00 3.00 1.96
A Temperature (°C) 0.00 —0.05 —0.40 0.50 0.33
Pulse rate recovery (bpm) —30.08 —29.00 —58.00 —11.00 13.63
Residual pulse rate change (bpm) 18.08 13.00 5.00 50.00 12.21
A Pulse rate (bpm) 25.33 23.50 2.00 52.00 16.82
A Respiratory rate (breaths/min) 5.00 4.50 -1.00 12.00 4.99
A Systolic BP (mmHg) 13.75 13.00 —35.00 81.00 28.43
Standard A Diastolic BP (mmHg) 4.08 3.50 —12.00 26.00 10.45
upstairs A SpO, (%) 0.58 1.00 —6.00 5.00 2.84
A Temperature (°C) —0.19 —0.15 -1.30 1.40 0.86
Pulse rate recovery (bpm) —18.50 —16.00 —50.00 —1.00 14.55
Residual pulse rate change (bpm) 6.83 3.50 -5.00 28.00 10.45

In contrast, the greatest mean increase in respiratory rate was recorded during down-
ward transport of the bariatric manikin (12.50 + 6.22 breaths/min). This difference between
the conditions producing the greatest pulse rate and respiratory rate changes indicates
that the two physiological responses did not follow identical patterns. Changes in blood
pressure, peripheral oxygen saturation, and body temperature also varied across trans-
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port conditions, although the most pronounced relative differences were observed in the
cardiovascular and respiratory responses.

Figure 2 illustrates the mean changes in pulse rate according to manikin type and trans-
port direction, highlighting the greater cardiovascular response associated with upward
transport of the bariatric manikin.

10 1

o -
-54 -
101 M Bariatric manikin (downstairs)
M Standard-weight manikin (downstairs)
_15 g
W Bariatric manikin (upstairs)
=201 Standard-weight manikin (upstairs)
_25 4
_30 -

Manikin type and transport direction

Pulse rate change (bpm)

Figure 2. Changes in participants’ pulse rate following transport according to manikin type and
transport direction.

During the first minute after transport, mean pulse rate decreased under all four exper-
imental conditions. The greatest decrease was observed following upward transport of the
bariatric manikin (—30.08 + 13.63 bpm). Nevertheless, pulse rate remained elevated relative
to baseline, with a mean residual increase of 18.08 bpm. Figure 3 illustrates differences in
short-term pulse rate recovery according to manikin type and transport direction.

60 -

50 4 —
3 r .
S 40 1 m Standard-weight manikin
g (downstairs)
E @ Bariatric manikin (downstairs)

30 1
; I Bariatric manikin (upstairs)
2 Standard-weight manikin
3 (upstairs)
E 20 1
a

10 - 1

0 -

Manikin type and transport direction

Figure 3. Pulse rate recovery during the one-minute recovery period following transport-related
workload according to manikin type and transport direction.

The scientific contribution of these findings lies in quantifying both the immediate
physiological response to transport and the remaining pulse rate elevation after a defined
recovery period. The results demonstrate that a pronounced decrease in pulse rate during
recovery does not necessarily indicate a return to baseline. From an operational perspective,
these findings highlight the importance of considering residual physiological strain when
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assessing fatigue and planning rest periods or personnel rotation during physically de-
manding bariatric patient transport. However, the present measurements do not establish
an optimal recovery duration or specific physiological thresholds for safe continuation
of transport.

3.4. Effect of Manikin Type and Transport Direction on the Physiological Response

Two-way repeated-measures analysis of variance (ANOVA) was performed to evaluate
the effects of manikin type and transport direction on pulse rate change, respiratory rate
change, and pulse rate recovery. The analysis demonstrated statistically significant effects of
both experimental factors on pulse rate change and pulse rate recovery, whereas respiratory
rate change was significantly influenced only by manikin type. No statistically significant
interactions between manikin type and transport direction were identified for any of the
evaluated parameters (Table 7).

Table 7. Results of the two-way repeated-measures ANOVA for the monitored physiological parameters.

Variable Effect F 4 1p2 Conclusion
Manikin 28.27 <0.001 0.720 Statistically significant
effect
A Pulse Transport direction 19.79 <0.001 0.643 Statistically significant
rate effect

Manikin x Transport

direction 0.033 0.859 0.003 No significant effect
Manikin 5.038 0.046 0.314 Statistically significant
effect
A Respiratory rate Transport direction 1.151 0.306 0.095 No significant effect
Manikin x Transport 0.693 0.423 0.059 No significant effect
direction
Manikin 17.94 0.001 0.620 Statistically significant
effect
Pulse Transport direction 7.800 0.017 0.415 Statistically significant
rate recovery effect
Manikin x Transport 0.002 0.967 1.655 x 1074 No significant effect

direction

The greatest mean increase in pulse rate was recorded during upward transport of
the bariatric manikin (48.17 + 16.94 bpm), compared with 25.83 + 22.96 bpm during
downward transport. In contrast, the greatest mean increase in respiratory rate was observed
during downward transport of the bariatric manikin (12.50 & 6.22 breaths/min). Although
respiratory rate changes differed descriptively between transport directions, the direction
effect was not statistically significant. These findings indicate that cardiovascular and
respiratory responses did not exhibit identical patterns across the experimental conditions.

During the first minute following transport, the greatest decrease in pulse rate was
observed after upward transport of the bariatric manikin (—30.08 + 13.63 bpm). However,
the residual pulse rate remained elevated relative to baseline, with a mean difference of
18.08 bpm. Thus, the greater reduction during recovery should not be interpreted as
complete physiological recovery, but rather in the context of the substantial preceding
increase in pulse rate.

Figure 4a illustrates changes in pulse rate according to manikin type and transport
direction, demonstrating a greater response during transport of the bariatric manikin.
Figure 4b presents respiratory rate changes, with higher mean increases during transport
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of the bariatric manikin in both directions. Figure 4c shows pulse rate recovery, with the
greatest decrease observed following upward transport of the bariatric manikin.

Manikin Manikin Manikin
70 1 _ 151 0
Q Bariatric £ O Bariatric Q Bariatric
—_ 60 1 @ Standard — weight % @ Standard — weight ’g @ Standard - weight
£ 501 = 2 _10 -
a =1 2
2 £ 10 1 =
< 40 & g
2 5 s
E 30 s § -20 1
2020 1 [ 2
> 2 54 &
10 = [
< a o -30
0 1 3 2
~ &
10— < od — -40- T 1
Upward  Downward Upward  Downward Upward  Downward
Direction Direction Direction
a) b) <)

Figure 4. Mean changes according to manikin type and transport direction: (a) pulse rate (APR),
(b) respiratory rate (ARR), and (c) pulse rate recovery after 1 min.

The scientific contribution of these findings lies in the experimental differentiation
of the effects of transported load and transport direction on firefighters’ physiological re-
sponses during manual stair transport. The results demonstrate that the influence of these
factors varies according to the physiological parameter assessed. While both manikin type
and transport direction significantly influenced pulse rate change and recovery, respira-
tory rate change was significantly affected only by manikin type. This finding highlights
the importance of assessing multiple physiological indicators to characterize the physical
demands of bariatric patient transport more comprehensively.

From an operational perspective, the pronounced pulse rate increase during upward
transport and the incomplete return toward baseline after one minute of recovery highlight
the need to consider cumulative physical workload during rescue operations. Monitoring
signs of fatigue, coordinating transport teams, allowing rest periods, and rotating personnel
when necessary may help manage physical demands during bariatric patient transport.
The findings provide an experimental basis for further research aimed at establishing
evidence-based recommendations for workload assessment and safer transport procedures.

3.5. Correlation Analysis of Individual Characteristics

Spearman’s rank correlation analysis was performed to examine relationships between
firefighters’ individual characteristics, baseline physiological parameters, and responses
during bariatric manikin transport. The analysis included age, body mass index (BMI),
A Body Shape Index (ABSI), baseline pulse rate, and baseline respiratory rate. Relationships
were evaluated separately for upward and downward transport among all 12 participants
from the three four-person teams (Table 8).

During downward transport of the bariatric manikin, statistically significant negative
correlations were identified between baseline pulse rate and subsequent pulse rate change
and between baseline respiratory rate and subsequent respiratory rate change. Participants
with higher pre-transport physiological values tended to exhibit smaller increases in the
corresponding parameters.

During upward transport, a positive correlation was identified between baseline respi-
ratory rate and perceived exertion assessed using the Borg scale. Participants with higher
respiratory rates before transport tended to report greater perceived physical exertion after
completing the task. No statistically significant correlations were identified between age,
BMI, or ABSI and changes in pulse rate, respiratory rate, or Borg scores.
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Table 8. Spearman’s correlations between individual characteristics, baseline physiological parameters,
and responses during bariatric manikin transport (n = 12).

Individual Character-

istic/Baseline Physiological Downstairs p Downstairs p Upstairs p Upstairs p
Response
Parameter
Age A Pulse rate —0.021 0.948 0.320 0.311
Age A Respiratory rate 0.111 0.732 0.290 0.360
Age Borg score 0.038 0.906 —0.545 0.067
BMI A Pulse rate 0.217 0.499 0.434 0.158
BMI A Respiratory rate 0.123 0.704 0.226 0.480
BMI Borg score —0.138 0.669 -0.138 0.668
ABSI A Pulse rate 0.091 0.778 0.358 0.253
ABSI A Respiratory rate 0.019 0.953 —0.072 0.823
ABSI Borg score 0.311 0.325 -0.419 0.175
Baseline pulse rate A Pulse rate —0.669 0.017 —0.344 0.274
Baseline pulse rate Borg score 0.571 0.052 0.096 0.767
Baseh“erizpmtory A Respiratory rate —0.588 0.044 —0.357 0.255
Baseline respiratory Borg score 0.070 0.828 0.580 0.048

rate

From a scientific perspective, these findings contribute to understanding individual
differences in physiological responses during bariatric manikin transport. The results
demonstrate that the relationships between pre-transport physiological parameters and
subsequent responses differ according to transport direction and the physiological indicator
assessed. They also highlight the complementary value of subjective exertion assessment in
characterising transport-related workload.

From an operational perspective, the findings support the inclusion of individual
physiological measurements and perceived exertion assessments in firefighter training.
Monitoring pulse rate, respiratory rate, and subjective workload may contribute to identi-
fying physically demanding transport conditions and improving decisions regarding task
organisation, rest periods, and personnel rotation.

An additional Spearman correlation analysis examined relationships between individ-
ual characteristics and direction-dependent differences in physiological responses during
bariatric manikin transport. Differences were calculated as the response during upward
transport minus the corresponding response during downward transport (Table 9).

A statistically significant positive correlation was identified between direction-dependent
differences in pulse rate and respiratory rate changes (Spearman’s tho = 0.610; p = 0.035).
Participants exhibiting greater differences in pulse rate responses between upward and
downward transport also tended to demonstrate greater differences in respiratory rate
responses. No statistically significant correlations were identified between age, BMI, ABS],
or the selected baseline physiological parameters and direction-dependent differences in
pulse rate, respiratory rate, or Borg scores. Furthermore, differences in perceived exertion
assessed using the Borg scale were not significantly associated with differences in pulse
rate or respiratory rate responses.

From a scientific perspective, these analyses extend the assessment of physiologi-
cal workload by examining relationships between individual responses to upward and
downward bariatric manikin transport. The observed positive correlation between direction-
dependent changes in pulse rate and respiratory rate provides additional evidence of an
association between cardiovascular and respiratory responses. The absence of statistically
significant correlations involving Borg score differences indicates that changes in subjective
perceived exertion did not demonstrate corresponding associations with the measured
physiological differences in this experiment.
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Table 9. Spearman’s correlations between individual characteristics and differences in physiological
responses between bariatric manikin transport upstairs and downstairs (Bariatric Up—Bariatric Down;
n=12).

Ind1v1dua}l A Pulse Rate A Respiratory . Borg
Characteris- , , Difference
. . Spearman’s p-Value Spearman’s p-Value , p-Value
tic/Baseline Spearman’s
Rho Rho
Parameter Rho
Age 0.266 0.404 0.134 0.677 —0.301 0.342
BMI 0.147 0.648 0.109 0.736 0.015 0.964
ABSI 0.162 0.616 —0.118 0.715 —0.358 0.253
Baself;fepmse 0.494 0.103 0.060 0.853 ~0.477 0.117
Baseline 0.275 0.387 0.416 0.179 ~0.104 0.749
respiratory rate
Difference in
pulse rate — — 0.610 0.035 0.044 0.893
change
Difference in
respiratory rate — — — — 0.097 0.764

change

From an operational perspective, the results highlight the value of combining objec-
tive physiological measurements with subjective assessments of physical exertion when
evaluating firefighters’ workload. Monitoring pulse rate, respiratory rate, and Borg scores
during practical training may provide complementary information for assessing trans-
port demands and supporting decisions concerning team organisation, rest periods, and
personnel rotation.

3.6. Paired Comparison of Physiological Responses Between Transport Directions

Paired comparisons were performed to evaluate differences in pulse rate change, res-
piratory rate change, and perceived exertion between upward and downward transport
of the bariatric manikin. The paired Student’s t-test and Wilcoxon signed-rank test were
used to assess direction-dependent differences within the same participants. The results
are presented in Table 10.

Table 10. Paired comparison of physiological responses during upward and downward bariatric
manikin transport (n = 12).

Parameter

Downstairs, Upstairs, Paired t-Test,

Cohen’s d Wilcoxon Test,

Mean £ SD Mean * SD p p

A Pulse rate
(beats/min)
A Respiratory
rate
(breaths/min)
Borg score

25.83 +22.96 48.17 + 16.94 0.044 —0.658 0.045

12.50 + 6.22 8.83 £6.91 0.146 0.451 0.169

16.42 +2.43 1717 £ 1.85 0.433 —0.235 0.561

A statistically significant difference in pulse rate change was identified between trans-
port directions. The mean increase in pulse rate was greater during upward transport
than during downward transport. This finding provides additional evidence of the greater
cardiovascular demands associated with transporting the bariatric manikin upstairs.

Respiratory rate change was descriptively higher during downward transport than
during upward transport; however, the available paired comparison did not demonstrate
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a statistically significant difference between directions. Perceived exertion assessed using the
Borg scale was also descriptively higher during upward transport than during downward
transport. Nevertheless, this difference was not statistically significant according to the
paired Student’s t-test or the Wilcoxon signed-rank test.

From a scientific perspective, these paired analyses complement the repeated-measures
ANOVA by providing a focused comparison of physiological responses between transport
directions under the bariatric loading condition. The findings indicate that the statisti-
cally significant difference in pulse rate change was not accompanied by corresponding
statistically significant differences in respiratory rate change or perceived exertion. This high-
lights the importance of combining objective physiological measurements with subjective
assessments to obtain a more comprehensive understanding of transport-related workload.

From an operational perspective, the greater increase in pulse rate during upward
transport highlights the importance of considering transport direction when assessing
firefighters” physical workload. At the same time, the relatively high Borg scores recorded
during both transport directions indicate substantial perceived exertion regardless of direc-
tion. Monitoring physiological responses together with perceived fatigue may therefore
provide useful supplementary information when planning rest periods, coordinating trans-
port teams, and considering personnel rotation during physically demanding bariatric
patient transport.

4. Discussion

Transport of bariatric patients represents a major physical, logistical, and organiza-
tional challenge for fire and rescue services. The present study evaluated the physiological
response of firefighters during the simulated stair transport of a bariatric and a standard-
weight manikin. The results demonstrated that transport of the bariatric manikin imposed
a significantly greater physiological workload, as evidenced by larger increases in pulse
rate and respiratory rate, as well as more pronounced pulse rate recovery. Furthermore,
two-way repeated-measures ANOVA confirmed significant effects of manikin type on pulse
rate change, respiratory rate change, and pulse rate recovery, while transport direction
significantly affected pulse rate change and pulse rate recovery.

The greatest increase in pulse rate was observed during upward transport of the
bariatric manikin, reflecting the cardiovascular demands associated with moving a heavy
load against gravity. However, the increase in respiratory rate was greater during downward
transport, indicating that the physiological responses differed according to the parameter
assessed. Both directions were also associated with high perceived exertion, as demonstrated
by the mean Borg scores of 17.17 during upward transport and 16.42 during downward
transport. These findings highlight the multidimensional nature of physical workload
during bariatric patient transport. Cienki [23] described challenges reported by emergency
medical service providers when managing patients with severe obesity, while Wifluwa and
Puchstein [8] highlighted the logistical and physical demands associated with transporting
patients with extreme body weight.

The ANOVA results indicated that manikin type was a major determinant of physio-
logical workload. The interaction between manikin type and transport direction was not
statistically significant, suggesting that the effect of manikin weight on the measured physi-
ological responses did not differ significantly between upward and downward transport.

The paired analysis confirmed a significantly greater increase in pulse rate during
upward than downward transport of the bariatric manikin. In contrast, the directional
differences in respiratory rate change and Borg scores were not statistically significant.
These findings indicate that the cardiovascular response was more sensitive to transport
direction than the other two indicators in the present experiment. Velasco et al. [38] reported
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increased physiological demands during stair ascent while carrying an additional load,
whereas Smith et al. [39] examined cardiac strain during simulated high-rise firefighting.
Although the loading conditions differed from the present experiment, both studies provide
relevant context for understanding the cardiovascular demands of upward movement.

The correlation analyses identified a positive association between direction-dependent
differences in pulse rate and respiratory rate changes. Furthermore, baseline respiratory rate
was positively correlated with perceived exertion during upward transport of the bariatric
manikin. No statistically significant associations were identified between age, BMI, or ABSI
and the investigated physiological changes or Borg scores. These findings demonstrate the
value of assessing physiological responses and perceived exertion alongside individual
characteristics. From an operational perspective, combining pulse rate, respiratory rate, and
subjective workload assessments may support the evaluation of physical demands during
firefighter training and inform the organisation of physically demanding transport tasks.

An important observation was the occurrence of spontaneous rest breaks during
transport tasks, particularly during the upward transport of the bariatric manikin. Although
these pauses were not predefined in the experimental protocol, participants initiated them
based on their perceived physical exertion and fatigue. This finding highlights the physical
demands and practical limitations associated with the manual handling of patients with
high body weight. It is also consistent with the recommendations of Gable and Duncan [24]
and Hunt [25], who emphasised the importance of careful operational planning, appropriate
technical equipment, and coordinated rescue procedures during bariatric patient extrication.

In addition to physiological workload, the manual transport of bariatric patients may
impose considerable biomechanical demands on firefighters. Carrying heavy loads on
staircases requires sustained muscular effort, postural stability, and coordinated movement
among team members. Restricted space, changes in direction on landings, and uneven
load distribution may increase mechanical loading on the lower back, shoulders, and
upper limbs. Lavender et al. [40] investigated the biomechanical demands associated
with strenuous patient-handling tasks performed by paramedics. Subsequent studies by
Lavender et al. [28] and Mehta et al. [41] examined the physical demands of stair-descent
devices, highlighting the importance of evacuation equipment and task-specific handling
conditions. Furthermore, Galinsky et al. [42] investigated musculoskeletal health in relation
to bariatric patient handling among healthcare workers, emphasizing the relevance of
appropriate handling practices and equipment.

The biomechanical risks associated with bariatric patient transport should also be
considered in relation to established ergonomic assessment methods. The Revised National
Institute for Occupational Safety and Health (NIOSH) Lifting Equation (RNLE) provides
a framework for evaluating risks associated with manual lifting [20]. However, its direct
application to the present experiment is limited because transporting a 215.5 kg bariatric
manikin by four firefighters involved prolonged carrying, stair climbing and descending,
restricted spaces, and coordinated team handling. McClean et al. [43] highlighted muscu-
loskeletal risks associated with bariatric patient handling, while ISO/TR 12296:2012 provides
relevant ergonomic guidance for manual patient handling [44]. The NIOSH Applications
Manual also recognizes the need to consider metabolic demands during activities involving
substantial carrying, walking, and climbing [20].

In the present experiment, the transport of the 215.5 kg bariatric manikin imposed
substantial physiological demands on the participants. However, biomechanical parameters
such as trunk posture, joint loading, and muscle activation were not directly measured.
Consequently, the results do not allow the quantification of musculoskeletal injury risk.
Future research incorporating electromyography and motion analysis could provide a more
comprehensive understanding of biomechanical loading during bariatric patient transport.
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An additional limitation of the study is that all 12 participants were male firefighters.
Therefore, the findings cannot be directly generalized to female firefighters or to more
diverse firefighter populations. Differences in individual physical characteristics and fitness
levels may influence physiological responses during physically demanding transport tasks.
Future studies should include both male and female firefighters and larger, more diverse
samples to improve the generalizability of the findings.

An additional limitation of the present study is that the experiment was conducted
under normal visibility conditions without smoke exposure or the use of self-contained
breathing apparatus (SCBA). During actual fire emergencies, smoke and reduced visibility
may complicate spatial orientation, communication, and coordination among members of
the transport team, potentially prolonging rescue operations and increasing physical and
psychological demands. Furthermore, the use of SCBA may impose additional physiological
strain due to the weight of the equipment and the increased demands associated with
movement while wearing respiratory protection. Transporting a bariatric patient under such
conditions may also present technical and organisational challenges related to providing
appropriate respiratory protection for the patient, particularly in confined spaces and during
rescue operations on staircases. These factors were not evaluated in the present experiment
and should be addressed in future studies conducted under appropriately controlled and
safe conditions.

Recent advances in wireless sensor technologies offer additional opportunities for
monitoring firefighters’ physiological parameters during physically demanding rescue
operations. Continuous monitoring of heart rate and respiratory rate could provide real-
time information on physiological strain during bariatric patient transport, including periods
of peak exertion and recovery. Unlike the measurements obtained before and after transport
in the present study, such systems could support decisions regarding rest breaks, personnel
rotation, and the early identification of excessive physiological strain. Pinnelli et al. [45]
demonstrated the feasibility of monitoring firefighters’” heart rate and respiratory rate
using wearable sensors during simulated firefighting activities, while Appelle et al. [46]
investigated the integration of wireless physiological and environmental monitoring to
assess firefighters’ physical strain and wellbeing. Future studies should therefore investigate
the applicability and reliability of these technologies during bariatric patient transport,
particularly in restricted spaces and during intensive physical movement.

From an operational perspective, the findings support the importance of regular
simulation-based training, ergonomic transport procedures, and the availability of suit-
able technical equipment. Particular attention should be given to coordinated teamwork,
appropriate distribution of physical demands among responders, and the organisation of
transport tasks according to the available personnel and environmental conditions. These
measures may contribute to reducing excessive physical strain and improving occupational
safety during the transport of patients with high body weight.

5. Conclusions

The present study demonstrated that simulated stair transport of a bariatric manikin
weighing 215.5 kg imposed greater physiological demands on firefighters than transport
of a standard-weight manikin. Two-way repeated-measures ANOVA identified significant
effects of manikin type on pulse rate change, respiratory rate change, and pulse rate recovery.
Transport direction significantly affected pulse rate change and recovery, whereas its effect
on respiratory rate change was not statistically significant.

The greatest mean increase in pulse rate was recorded during upward transport of
the bariatric manikin (48.17 + 16.94 beats/min), compared with downward transport
(25.83 £ 22.96 beats/min). This difference was statistically significant (paired Student’s

https://doi.org/10.3390/safety12060143


https://doi.org/10.3390/safety12060143

Safety 2026, 12, 143

22 of 25

t-test, p = 0.044). In contrast, respiratory rate increased more during downward transport
of the bariatric manikin. Perceived exertion assessed using the Borg scale was high in
both directions, with mean scores of 17.17 during upward transport and 16.42 during
downward transport, although the difference was not statistically significant (p = 0.433).
These findings demonstrate that cardiovascular, respiratory, and subjective responses did
not follow identical patterns across transport conditions.

The correlation analyses identified a positive association between direction-dependent
differences in pulse rate and respiratory rate changes (Spearman’s rtho = 0.610; p = 0.035).
A positive correlation was also identified between baseline respiratory rate and Borg scores
during upward transport (rtho = 0.580; p = 0.048). No statistically significant associations
were identified between age, BMI, or ABSI and the investigated physiological changes or
perceived exertion. These results provide additional information about the relationships be-
tween physiological responses and subjective workload during bariatric manikin transport.

The main scientific contribution of this study lies in the experimental quantification of
physiological responses associated with transported manikin weight and transport direction
during manual stair transport. The combined assessment of immediate pulse rate and
respiratory rate changes, short-term pulse rate recovery, and perceived exertion provides
a comprehensive characterization of the physical demands associated with this activity.
Although pulse rate decreased during the first minute following upward transport of
the bariatric manikin, it remained elevated relative to pre-transport values, indicating
incomplete short-term recovery.

From an operational perspective, the findings support the importance of considering
transported weight, transport direction, and physiological responses when organising
physically demanding rescue operations. Appropriate transport equipment, coordinated
teamwork, adequate personnel availability, and monitoring of physical strain and perceived
exertion may contribute to safer bariatric patient transport. The results also support the
inclusion of realistic bariatric transport scenarios in firefighter training, with particular
emphasis on recognising fatigue and coordinating physically demanding tasks.

The study involved 12 male participants organised into three four-person teams. Spon-
taneous rest breaks occurred during transport, particularly during upward transport of
the bariatric manikin, and the experiment was terminated after approximately four hours
because of cumulative fatigue. Biomechanical loading was not directly measured, and
non-contact body temperature measurements may have been influenced by perspiration.
The correlation analyses were exploratory and did not include adjustments for multiple
comparisons. Furthermore, the experiment was conducted under normal visibility con-
ditions without smoke exposure or self-contained breathing apparatus (SCBA). Future
research should investigate larger and more diverse samples, different transport team sizes
and devices, biomechanical responses, and reduced-visibility conditions with appropri-
ate respiratory protection. Given the limitations of the Revised NIOSH Lifting Equation
(RNLE) for stair transport, future research should include task-specific biomechanical as-
sessments. Wearable wireless sensors could also support real-time physiological monitoring
and safer organisation of bariatric patient transport. Such research may contribute to the
development of evidence-based procedures for improving firefighter safety during bariatric
patient transport.
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