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Abstract 

The physical capacity of emergency care practitioners (ECPs) plays a key role in 
their ability to carry out rescue and life-saving duties.  Irrespective of the emergency 
scenario males and females are expected to be able to do the same tasks. This study 
assessed the differences in physical work capacity of male and female emergency care 
students (ECSs). Twenty males and 18 female students participated in the study. All 
mean anthropometric and physiological values between males and females were 
significantly different (p<0.05) with the exception of BMI, while in the performance 
assessments the females only outperformed males in sit-ups. In terms of cardio-
respiratory measures the females demonstrated a congruency ratio of 76.21 compared to 
males, more specifically relative VO2 max (ml.kg.min-1) males = 47.91 (±7.76) versus 
females = 37.26 (±6.85). Males were significantly stronger than females (p<0.01) in all 
measured strength parameters and females achieved a congruency ratio of 64.03 
compared to males. In conclusion these findings demonstrate that the mean performance 
characteristics of male and female ECS are significantly different. Exercise and 
conditioning intervention strategies need to be considered and implemented to ensure, 
where possible, that applicants are able to achieve the minimum physiological, fitness 
and strength profiles that enable them to competently execute their emergency care 
work. 

Keywords:  Emergency care students, physical performance, work  

1 Introduction 

There appears to be a lack of research that has sought to understand the anthropometric, 
physiological and strength characteristics of male and female Emergency Care 
Practitioners (ECPs) and/or similar professions whose primary purpose is to save lives. 
ECPs are expected to perform their rescue and life-saving duties in a variety of 
potentially arduous situations, including remote mountainous terrains, water and sea 
situations, townships, as well as extricating victims from motor vehicle accidents. 
Moreover males and females are expected to do the same tasks. Such circumstances 
necessitate that ECPs should be characterised by physical performance characteristics 
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that allow them to conduct their jobs efficaciously in the varied and challenging 
circumstances in which emergency rescue situations occur.   

A key physical characteristic that impacts on the ability of an ECP to do their work 
successfully is their strength and their ability to apply ‘force’. There are many instances 
where an ECP will be required to exert relatively high levels of force in order to do their 
work; a good example of this would be operating the hydraulic cutters and spreaders 
which can weigh between 12-23 kg, and which have to be statically held, often in 
difficult postures during the extrication of a person from a motor vehicle. Several 
studies have suggested that muscular strength may be important for performance during 
fire-fighting (Blizon et al., 2002; Rhea et al., 2004; Sothmann et al., 2004; Fogleman 
and Bhojani, 2005). 

Moreover, the minimum levels of cardio respiratory and muscular fitness of fire-fighters 
involved in/out smoke-diving tasks, have been formulated by Punakallio et al. (1999) 
who state that the maximal oxygen consumption of an operative fire-fighter should be at 
least 3 l.min-1 or 36 ml.kg.min-1. At these levels, the authors assert that there is base line 
limits for the maximal oxygen consumption of fire-fighters to enable them to tackle 
unpredictable situations without obvious risk for overstrain, disorders or illnesses.  

Considering the above it is apparent that aerobic fitness and strength attributes are likely 
to be a key performance factor for Emergency Care Practitioners (ECPs). However the 
question is, can the job be modified to match the physical attributes of the ECP or does 
the ECP have to possess the strength and aerobic capabilities that enable them to 
perform the job safely and effectively? 

Sluitter and Frings-Dresen (2007) state that it is not possible to decrease heavy work 
exposure and the type of energetic demands that are encountered by fire fighters when 
entering a burning building.  Lavender et al. (2000) emphasise that ergonomics (human 
factors) design efforts to reduce the exposure of fire-fighters to hazardous lifting 
conditions associated with the performance of emergency rescue functions have been 
minimal. This implies that many tasks which characterise emergency rescue work are 
largely unalterable. This can lead to injuries whilst at work. It has been well 
documented that there exists a strong association between exposure to heavy lifting and 
forceful movements and the development of low-back pain (Anderson, 1997; Bernard, 
1997). Hogya and Ellis (1990) reported high rates of back injury in a study of 
emergency medical care personnel, and in another study Rodgers (1998) found a high 
prevalence of early retirement due to health problems among ambulance personnel. 

This problem is exacerbated by inequalities in strength between males and females.  On 
average the strength superiority of men over women for the upper body is 50% and for 
the lower body 30% (McArdle et al., 1996). According to Astrand and Rodahl (1986) it 
is important to be aware that women are generally smaller than men and their aerobic 
and strength capacity is also lower. More specifically women have a lower VO2 max 
than men and usually have a higher percentage body fat. They also have less 
haemoglobin than men. The cardiac output per litre of oxygen uptake is higher in 
women than in men. For a woman the heart must therefore pump more oxygenated 
blood than a man to deliver 1 litre of oxygen to the tissues (Bridger, 1995). It has been 



Ergonomics SA, 2008, 20 (2) 
ISSN Number : 1010-2728 

 5

well established that prolonged fire-fighting exposures demand a relatively high level of 
aerobic fitness (O’Conell et al., 1986; Gledhill and Jamnick, 1992).  

Physiological and physical fitness determinations during pre-employment and on 
employment examinations, may be based on the ability of an individual to perform 
required tasks, or in terms of their ability to perform them without jeopardizing one’s 
own health or that of others. However, this type of screening may be at odds with the 
application and implementation of equity based legislation. 

In South Africa the Employment Equity Act Applies to all employers and workers and 
protects workers and job seekers from unfair discrimination, and also provides a 
framework for implementing affirmative action. In South Africa the Employment 
Equity Act applies to all employers, workers and job applicants, but not members of the 
National Defence Force (NDF); National Intelligence Agency (NIA); and South African 
Secret Service (SASA). 

Thus decisions about suitability for work in ‘life-saving professions’ should, in an ideal 
world, be based on a body of evidence concerning ‘fitness for duty and/or workability’. 
‘Workability’ is understood to include such determinants as health status, bodily 
capacities, sickness absence, accidents, and task performance in which productivity is 
embedded (Sluiter and Frings-Dresen, 2007). It is apparent that when issues of national 
security are at stake the principle of fitness for duty and/or workability takes precedence 
over equity legislative requirements. According to Blizon et al. (2002) physical tests and 
standards have historically been used by many organisations to assess the capability of 
personnel for demanding occupations, and this is particularly true in military 
organizations where it is widely acknowledged that individual physical capability may 
directly influence combat effectiveness. 

There are a number of professions where ‘fitness for duty and/or workability’ are key 
issues, including the emergency rescue and paramedic professions, yet they are 
presently subject to the determining elements of equity legislation, and are therefore not 
exempted as in the case of members of NDF, NIA and SASA. However, while modern 
legislation and occupational environment legislation usually dictate that the demands of 
the workplace should be adapted to the employee, it is notable that a fire-fighter must 
adapt to the scene of the fire (Heimburg et al., 2006). It is argued in this paper that other 
emergency rescue practitioners are typically exposed to similar situations where they 
must adapt to the demands of the task, because their primary job is to save lives.  

The candid purpose of worker selection and placement programs for ECPs and related 
emergency rescue professions is to ensure where ever possible that jobs which expose 
workers to heavy physical loads identify and exclude (and protect) individuals who are 
deficient in the required strength capabilities, irrespective of their gender.  

Therefore, one needs to be better informed of the typical ‘physical performance 
differences’ that characterise men and women, so that decisions can be made about the 
potential and actual suitability for personnel engaged in the emergency rescue 
professions as well as solutions that are compliant with employment equity. 
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2 Methodology 

Twenty male and 18 female students from the Cape Peninsula University of Technology 
Emergency Medical Care Programme participated in this study. The participants 
voluntarily took part in two levels of testing, namely:  

• Standard assessment and pre-selection tests used in South Africa to ascertain the 
physical readiness of applicants for the Emergency Care Programme; 

• Additional and more sophisticated evaluations such as respiratory measures to 
provide more comprehensive and direct data on performance characteristics.  
 

The participants were apparently free of any orthopaedic conditions or injuries and 
completed an informed consent form, following an explanation of the procedures and 
possible risks. Participants underwent an exercise participation risk screening by means 
of a questionnaire (PAR-Q).  Participants were excluded if they exhibited any contra-
indications for exercise testing as cited by ACSM pre-exclusion criteria. The research 
proposal, along with detailed description of the methodology which included 
documentation pertaining informed consent and the right of subjects to withdraw at any 
stage, was approved by the Faculty of Business Ethics Committee.  

2.1 Anthropometry 
Body mass was determined on a calibrated medical scale to the nearest 100 grams.  
Participants were barefoot and dressed in shorts and a T-shirt.  Stature was measured to 
the nearest 1 millimetre, with a standard stadiometer. Skinfold thickness of the triceps, 
subscapula, supra iliac, abdominale, thigh and calf was determined according to the 
method of Carter (1982), using a Harpenden calliper. Measurements were performed 
before any exercise.  The MOGAP skinfold method was used to calculate percentage 
body fat (Carter, 1982). 

2.2 Blood pressure and resting heart rate 
Subjects were seated in a quiet environment for 10 minutes; thereafter resting brachial 
blood pressure (Korotkoff Phase I and IV) was measured and recorded by means of 
audible sphygmomanometry using a calibrated mercury column sphygmomanometer 
with an appropriately sized cuff.  Resting heart rate was measured using a heart rate 
monitor (Polar® S625X, Kempele, Finland). 

2.3 VO2 max 
The VO2 max was determined by a gas analyzer (COSMED Quark b2, Italy) and 
performed on a treadmill (Technogym® Runrace). Before each test gas analyzers were 
calibrated with gas mixtures of known concentrations.  Participants were habituated on 
the treadmill. After a warm up period of three minutes at 5 km.h-1, participants started 
running at 8km/h. The speed increased by 1 km.h-1 every three minutes until either the 
participant chose to terminate exercise and/or the criteria for establishing a VO2 max 
were met, including a plateau in oxygen uptake, a final respiratory exchange ratio of 
greater than 1.1 and a final heart rate of within 10 bpm of the individual’s age predicted 
maximum heart rate.  The participants were encouraged to continue for as long as 
possible.  During the test oxygen consumption (VO2), heart rate (HR), carbon dioxide 
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production (CO2), maximum ventilation (VE) and respiratory exchange ratio (RER) 
were measured.  

2.4 Blood lactate 
Blood lactate was measured before exercise and one minute after the VO2 max by 
means of a BIOSEN C_line, Sport glucose and lactate analyzer (manufactured by EKF 
diagnostic) requiring a lancet puncture of a fingertip to obtain a small sample of 
peripheral blood which was analyzed immediately after the test. 

2.5 Fitness-Muscular endurance 
Muscular endurance was tested by the number of sit ups completed in one minute and 
the number of press ups completed in one minute.  

2.6 Maximum isokinetic voluntary contraction 
Although there is a wide variety of possible and viable isokinetic test protocols, the 
current protocol included essential components like warm-up, rest periods, test velocity, 
number of repetitions, encouragement, visual feedback and precise positioning of the 
subject, as described by Perrin (1993).  Quadriceps and hamstring maximal voluntary 
muscle contraction was recorded using a Biodex dynamometer.  After a warm up of 10 
repetitions at 50% of maximum exertion at a testing speed of 60o/sec, each subject 
performed three maximal voluntary contractions on each leg. Peak power (watts), 
average power (watts) and peak torque (Nm) were measured. 

2.7 One repetition maximum (1RM) 
The participants warmed up on a treadmill for 10 minutes, and did stretching exercises.  

2.7.1 The leg press test was carried out on a leg press machine (Genesis ©) with a 
movement range of 90 degrees at the knee from flexion to full extension. The 
participant lay prone. 

2.7.2 The bench press was performed in a Smith Machine. During the bench press 
exercise the participant lay prone on their back, with the Olympic bar aligned with the 
sternum, the grip width was required to be 80 cm.  After the stretching exercises the 
participant engaged in a stepwise increase in weight, in order to derive a test weight for 
the estimation of 1RM, this involved the participant carrying out 5-10 repetitions of this 
near maximal weight to predict 1RM.The 1RM was estimated by the equation: m1RM = 
mn/(0.985 – 0.025n) for 2 ≤ n ≤ 10 where m1RM is the 1RM-mass and mn is the 
maximum mass that can be lifted n times. This equation is derived from Wathan (1994). 

2.8 Statistical analysis 
The anthropometric, physiological and physical fitness data were subjected to 
descriptive statistical analysis, as well One way-ANOVAS and t-tests at 95% 
confidence (p<0.05) and at 99% confidence (p<0.01) to establish if significant 
differences existed between male and female ECP performance. Congruence ratios 
between male and female participants were calculated to provide an indication of 
disparity between the groups. 
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3 Results  

The anthropometric characteristics in terms of means and standard deviations, along 
with level of significance between male and female Emergency Care students are 
represented in Table 1. The male and female ECS were similar in age, however, the 
males were taller and heavier in mass, but were characterised by a lower percentage 
body fat than females. 

Table 1. Mean anthropometric characteristics of male (n=20) and female (n=18) 
Emergency Care students. 
(standard deviations in parentheses) 

Anthropometric  
Measures 

Males (n=20) 
Mean  SD 

Females (n=18) 
Mean  SD 

*=p.05 
**=p.01 

Age (years) 22.8 (3.6) 21.1 (1.8)  

Stature (metres) 1.8 (0.08) 1.63 (0.1) ** 

Mass (kg) 73.9 (14.3) 62.7 (9.6) ** 

% Body fat 13.19 (7.9) 25.68 (6.1) ** 

Body Mass Index 22.76 (3.2) 23.3 (2.7)  

Waist circumference (mm) 812.6 (96) 756.4 (86) * 

Hip circumference (mm) 979.5 (91) 1010.5 (80)  

Thigh circumference (mm) 475.8 (67) 519.3 (30)  

Waist-to-hip ratio 0.83 (0.04) 0.75 (0.03) * 

 

A summary of the physiological and fitness results are presented in Table 2 which 
indicates that in some of the key measures of physical work capacity, males on average 
scored significantly higher, notably in terms of their absolute and relative VO2 max, 
along with an overall superior MET value.  

A summary of the strength and isokinetic scores are represented in Table 3. Perhaps the 
most salient observation is the superior strength scores of males over females, which is 
significant at p<.01 in every measured parameter.  
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Table 2. Mean physiological and fitness characteristics of male (n=20) and female 
(n=18) Emergency Care students.  
(standard deviations are in parentheses and congruency ratio (♀÷♂ x 100)) 

Physiological variables 
Males (n=20) 

Mean  SD 
Females (n=18) 

Mean  SD 
*=p.05 
**=p.01 

Congruency 
ratio 

Absolute VO2  (l min-1) 3.5 (0.6) 2.3 (0.5) ** 59.7 
Relative VO2 (m1kgmin-1) 47.9 (7.8) 37.3 (6.9) ** 77.8 

VE (1min-1) 127.6 (2) 81.9 (17.3) ** 84.2 
Frequency (breathsmin-1) 54.9 (5.8) 46.2 (8.3) ** 84.2 

RER (O2/CO2) 1.26 (0.1) 1.1 (0.1) ** 77.3 
METS 13.7 (2.2) 10.6 (1.2) ** 77.3 

Systolic BP (mmHg) 125.9 (14.9) 114.2 (19.9) * 90.6 
Diastolic BP (mmHg) 81.2 (8.9) 73.1 (12.8) * 89.9 

Resting HR (beatsmin-1) 68.5 (9.7) 73.2 (15.5)  106.8 
Maximal HR (beatsmin-1) 194.8 (7.8) 184.2 (20.5) * 94.6 
Recovery HR (beatsmin-1) 165.1 (14.0) 155.1 (17)  93.9 

Peak lactate (mmoll-1) 11.4 (4.3) 8.8 (3.0) ** 77.4 

Fitness variables     

Press ups (press ups-min-1) 38.7 (13.9) 31.5 (9.6)  81.5 
Sit ups (press ups-min-1) 35.6 (5.9) 46.7 (8.9) ** 131.4 

Vertical jump (cm) 48.3 (10.2) 33.2 (5.6) ** 68.8 

 

 

Table 3. Mean strength and isokinetic expression characteristics of male (n=20) 
and female (n=18) Emergency Care students. 
(standard deviations are in parentheses, and congruency ratio (♀÷♂ x 100)) 

Strength  
Expression 
Measures 

Males (n=20) 
Mean  SD 

Females (n=18) 
Mean  SD 

*=p.05 
**=p.01 

Congruency ratio 

Peak torque leg 
extension (Nm) 

222.12 (52.84) 139.06 (33.140 ** 
62.6 

Peak torque leg 
flexion (Nm) 

116.05 (32.15) 72.33 (15.12) ** 
62.3 

Total work leg 
extension (J) 

505.21 (175) 335.6 (93.32) ** 
66.4 

Total work leg 
flexion (J) 

307 (111.4) 193.97 (53.36) ** 
** 

Mean power leg 
extension (W) 

124.9 (38.67) 85.26 (23.62) ** 
68.3 

Mean power leg 
flexion (W) 73.55 (23.9) 48.65 (12.53 ** 

66.1 

1RM bench press 
(kg) 

55.5 (18.77) 26.6 (7.66) ** 
47.9 

1RM leg press 
(kg) 

195.25 (38.09) 147.22 (22.96) ** 
75.4 
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4 Discussion 

The mean volume of oxygen consumption, absolute and relative results (males  
3.5 l.min-1 and 47.91 ml.kg.min-1; females 2.32 l.min-1 and 37.26 ml.kg.min-1) were 
comparable to those reported by Barnekow et al. (2004) for ambulance personnel (males 
3.6 l.min-1 and 43.3 ml.kg.min-1; females 2.6 l.min-1 and 38 ml.kg.min-1). As was 
indicated earlier in this paper previous studies have suggested that the maximal oxygen 
consumption of an operative fire fighter should be at least 3 l.min-1 or 36 ml.kg.min-1. 
This level was established to allow a certain margin in the maximal oxygen 
consumption of a fire-fighter to tackle what are described as unpredictable situations 
without obvious risk for over-strain, disorders or illnesses (Punakallio et al., 2005). 
However, more recent research by Heimburg et al. (2006) suggests that during rescue 
situations that absolute VO2 was as high as 3.7 l.min-1, and furthermore that large heavy 
fire-fighters with a high VO2 max (in absolute terms) carried out tasks more quickly 
than smaller fire-fighters did. The authors go on to say that the data suggests that a 
minimum VO2 max standard for a fire-fighter applicant should be no less than 4l.min-1. 
Given that ECPs are often confronted by similar situations, in other words having to 
wear protective clothing, carry and use heavy equipment, as well as recover and carry 
people, cognisance should be taken of the conclusions of research in allied disciplines, 
such as fire-fighting. It would appear that the average female ECS VO2 consumption is 
significantly below the levels that would enable them to deal with what Punakallio 
describes as ‘unpredictable situations’. In fact, of the female ECS, only one subject 
achieved an absolute VO2 of above the recommendation of 3 l.min-1. In terms of 
absolute VO2 females demonstrated a congruency ratio of 60% compared to males, 
implying a 40% decrement in aerobic capacity. It was of concern that not only did the 
female data compare unfavourably with requirements of fire fighters, but only three of 
the male ECS (out of 20 tested) managed an absolute VO2 of above 4 l.min-1 as 
recommended by Heimburg et al. (2006). 

It would appear that males were significantly better in terms of their anaerobic 
metabolism, as reflected by higher mean peak lactate, when compared to female ECS. 
The ability to generate and tolerate higher levels of blood lactate during exercise and 
work is according to Mann (2007) indicative of an enhanced ability to utilise the 
anaerobic metabolism, based on the assertions by Brooks (2000) concerning the ‘lactate 
shuttle’. This enhanced anaerobic capacity of the male ECS to perform ‘heavy work’ is 
also reflected in their significantly higher RER during the treadmill protocol to elicit 
VO2 max. 

Vertical jump performance was also on average significantly higher for the male ECS 
with a mean score of 48.33 cm compared the female score of 33.23 cm. This would 
imply that males have the capacity to generate more power than females and it is 
speculated that this increased ability to exert force would be an advantage in many 
situations encountered by ECPs during rescue situations. 

It was interesting to note that female ECS outperformed males in terms of sit-ups, 
scoring 46.7 in a minute compared to males who managed only 37.55. One can only 
speculate as to why this superiority exists, which may be related to the fact that many of 
the females attend fitness and dance classes, where core stability and abdominal 
exercises are a central component of the regime, this would include such activities as 
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Pilates. Furthermore, the females had a lower body mass, and this may have facilitated 
an improved score when compared the heavier males. 

The mean isokinetic peak torque knee extension and flexion scores in the present study 
(males extension 222.12 Nm and flexion 116.05 Nm; females extension 139.06 Nm and 
flexion 72.33 Nm) were comparable to those reported by Barnekow et al. (2004) for 
ambulance personnel (males extension 192 Nm and flexion 104 Nm; females extension 
135 Nm and flexion 71 Nm). 

If one were to sum all of the strength data results and average the difference between 
males and females, it would indicate that females were only able to express 64% of the 
force compared to males. This is congruent with findings of Astrand and Rodahl (1986) 
who indicated that such strength discrepancies between males and females are well 
documented. It does however raise concerns over the ability of women to successfully 
perform tasks in which strength is a key component during an emergency rescue 
situation. This would be most apparent in lifting tasks, such as stretcher bearing, and 
using heavy hydraulic tools like the cutters or spreaders. Therefore serious consideration 
must be given to the notion that females who wish to enter the ECP programme should 
achieve stipulated bench mark standards for strength performance in order to enter the 
programme. If however, they fall below these standards, then it is suggested that they 
should engage in a structured and progressive resistance training programme, because it 
has been demonstrated that such an intervention of 6 months duration significantly 
diminished the initial gender/sex differences in physical performance capabilities, 
including military relevant occupational tasks (Kraemer et al., 2000).  These training 
programmes should be made available by the institutions offering the ECP programme. 

The results suggest that due to the physical demands imposed on ECPs and similar 
professionals in the field of rescue and life saving, that physiological, physical fitness 
and strength performance characteristics of the applicants are recognized as key factors 
in terms of their ability to perform ECP tasks, and therefore that pre-selection processes 
need to be cognizant of these determinants. 

Secondly, due to the variability in physiological, fitness and strength levels of the 
applicants (especially between males and females) that exercise and conditioning, as 
well as resistance training intervention strategies need to be considered and 
implemented to ensure where possible that applicants are able to achieve the minimum 
physiological, fitness and strength profiles that enable them to competently execute their 
ECP work, without jeopardizing their own lives or those others during emergency 
rescue operations. 

Finally ECS and/or qualified ECPs should be subjected to periodic physiological, 
fitness and strength assessments and review; and they should also be aware that 
adherence to a well structured and progressive fitness and strength training regime is 
likely to evoke improvements over time that will facilitate achieving the necessary 
standards (Kraemer et al., 2000).  



Ergonomics SA, 2008, 20 (2) 
ISSN Number : 1010-2728 

 12 

5 Conclusion 

In conclusion, the present data provide an indication of the physiological, fitness and 
strength characteristics of ECS. The data suggests that there are significant differences 
between male and female ECS in key areas such as aerobic capacity and strength 
expression which are likely to impact on their ability to execute their tasks in a safe and 
efficacious manner. It is therefore imperative that pre-selection criteria include a 
comprehensive and valid physical test procedure which determines the suitability of an 
applicant to enter the Emergency Care Programme. Applicants who fall below the 
standardized entrance criteria should in future engage in relevant exercise interventions 
to facilitate an improvement in their physiological, fitness and strength scores to achieve 
the recognized levels, before being accepted back into the programme.  

This study demonstrated that female cardio-respiratory parameters having a congruency 
ratio of only 76% compared to male scores (female performance decrement of 24%); 
and female collective strength scores indicated a congruency ratio of only 64% 
compared to males (female performance decrement of 36%). It is therefore 
recommended that ECPs (and allied rescue and life-saving professions) take cognizance 
of these findings and those elicited by similar studies and ensure that policies and 
procedures are developed that allow for optimal selection criteria to be enacted, and 
where appropriate physical training interventions to ensue fitness for work.  

Furthermore it is suggested that serious re-evaluation of aspects of equity legislation is 
considered in light of the present findings (and similar studies), especially in professions 
whose principle objective is to rescue and save lives. Thus it is tentatively proposed that 
ECPs and similar emergency/life saving professions be exempted from the present 
dictates of equity legislation, and that more focus be placed on issues of ‘fitness for duty 
and/or workability’ as a rationale for pre-selection criterion, as well as a factor for 
continued operational service in the profession.  
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