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Abstract

During fire emergencies, firefighters wear personal protective devices (PC) and a self-con-
tained breathing apparatus (S.C.B.A.) to be protected from injuries. The purpose of this
study was to investigate the differences of aerobic level in 197 firefighters (age: 3417 yr;
BMI: 24.4+2.3 kg.m™®), evaluated by a Queen’s College Step field Test (QCST), performed
with and without fire protective garments, and to analyze the differences among age groups
(<25 yr; 26-30 yr, 31-35 yr, 36-40 yr and >40 yr). Variance analysis was applied to assess
differences (p < 0.05) between tests and age groups observed in absolute and weight-
related values, while a correlation was examined between QCST with and without PC+S.C.
B.A. The results have shown that a 13% of firefighters failed to complete the test with PC+S.
C.B.A. and significant differences between QCST performed with and without PC+S.C.B.A.
in absolute (F(1,169) = 42.6, p < 0.0001) and weight-related (F 169) = 339.9, p < 0.0001)
terms. A better correlation has been found in Lemin™" (r=0.67) than in miekg™'emin™" (r=0.54).
Moreover, we found significant differences among age groups both in absolute and weight-
related values. The assessment of maximum oxygen uptake of firefighters in absolute term
can be a useful tool to evaluate the firefighters' cardiovascular strain.

Introduction

Firefighting is one of the most hazardous civilian occupations, implying variable working con-
ditions under time urgency. Several studies [1,2, 3, 4, 5, 6] have shown that the combination of
physical activity and/or exposure to external heat sources causes an increased physiological
and psychological stress.
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During fire emergencies, firefighters wear personal protective devices (PC), composed by a
layered thermal protective clothing (flame resistant outer shell and insulating thermal liner), a
heavy footwear, a helmet, and a self-contained breathing apparatus (S.C.B.A.). Despite PC
+SCBA are a good barrier for the firefighters from thermal radiation, burns, injuries, smoke and
noxious gases these can have negative effects on gait, metabolic and thermal efficiency, fatigue
leading to a significant reduction in work capability and work duration [7, 8, 9, 10, 11, 12, 13].

Among the different parameters the maximum oxygen uptake (VO,,.x) is the most fre-
quent variable taken into account. Cardiovascular strain has been discussed in response to a
real and simulated emergency and during different tasks [7, 8, 14, 15, 16]. In particular, single
firefighters’ activities with PC+ SCBA showed an average VO, of 39.0 ml'’kg "min™" while
climbing stairs, a VO, of 23.4-25.7 ml’kg "'min™ lifting and moving the hose, a VO, of 30.9
mlkg 'min"' controlling a flexible tube and a VO, of 36.6-44.0 ml'’kg "min™' transporting
equipment on the stairs climb [1, 17]. Perroni et al. [8], analyzing simulated emergencies of
Italian firefighters, have shown that the values of VO, remained elevated after 30 min of rest
(VO,: 8.86 + 2.67 ml'kg'l'min'l) compared with basal values (VO,: 4.57 £ 1.07 ml'kg'l'min'l).
Furthermore, it has been shown in firefighters a constant and annual physiological decrease re-
lated to age [18, 19, 20]. For these reasons, numerous studies [21, 22, 23, 24, 25] have suggested
VO,may> 33 ml'kg "'min™', with preferably >45 mlkg"'min™, to successfully complete
rescue activities.

Although the most accurate method to determine the aerobic power of individuals is the di-
rect measurement of VO,,,,, some aspects may limit the applicability of large-scale assess-
ments such as a lot of time to carry out the test, sophisticated and expensive equipment, and
large effort of individuals for the attainment of VO,,,,. In contrast, the field trials are inexpen-
sive, easy to administer and might be best suited to examine large number of firefighters in
minimum time.

Several studies [23, 26, 27, 28, 29] have demonstrated that evaluation of VO,,.x in weight-
related rate (ml kg”' min™) is fundamental for job performance. Given that job performance
could be influenced by body weight, by weigh of PC+SCBA and/or by further weight of supple-
mentary fire device (i.e., operating high pressure hoses, ladders, lifting weights), the purposes
of this study were; 1) analyze the utility of evaluate the maximum oxygen uptake of Italian fire-
fighters recruits in absolute or weight-related terms by a Queen’s College Step field Test
(QCST) (performed with and without wearing fire protective garments), 2) compare the effects
of wearing fire protective garments and 3) analyze the differences among age groups.

Methods
2.1 Participants

One hundred and nineteen-seven male Italian firefighters recruits during the residential Italian
Fire Fighter Corp training course, decided to be evaluated. The subjects had the following gen-
eral baseline characteristics (mean + SD): age 34+7 yr, height 177+6 cm, weight 76.1+8.6 kg,
BMI 24.4+2.3 kgm ™. All subjects were divided into five different age groups, under 25-year-
old (<25 yr), 26- to 30-year-old (26-30 yr), 31- to 35-year-old (31-35 yr), 36- to 40-year-old
(36-40 yr) and over 40 year-old (>40 yr).

2.2 Procedures

The study was approved by the scientific Institutional Review Board of United Hospitals, Uni-
versity Hospital of Foggia with the goal to investigate differences in the aerobic firefighters'
evaluation analyzing the differences among age groups.
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Fitness evaluations were administered in two experimental sessions with a gap of a week in
the middle of the residential Italian Fire Fighter Corp training course (i.e. May-June). The first
session included anthropometric (i.e., weight, height and body mass) evaluation and the aero-
bic power test performed without PC + S.C.B.A (sneakers, socks, shorts and cotton t-shirt),
while the second session aimed to evaluate the aerobic power with European Fire Protection
Agency standard PC + S.C.B.A (EN 531 A, B1, C1, EN 469/97, EN 469/95). Beneath the PC,
the firefighters wore underwear, socks, standard issue cotton station long pants, and a cotton
t-shirt. The total weight of the ensemble was approximately 23 kg.

Given that various studies have shown that maximal heart rate declines with increasing age,
we used age-correction factor of Astrand [30] to compare the results of the aerobic power of
the different age groups estimated by QCST.

All participants were adequately informed about the study and gave their written informed
consent and answered to an exercise/medical history questionnaire (i.e. activity level, educa-
tional background, dietary habits, tobacco smoking and alcohol consumption, and medication
and history of physical activity). Prior to the evaluation, firefighters underwent a standardized
warm-up period lasting 15-minutes, composed of low intensity running followed by strolling
locomotion and stretching of the lower limb muscles. All the experimental tests were per-
formed in the morning (between 9.30 and 11.00am) at 22-24°C and 50-60% relative humidity
to eliminate circadian rhythms, nutrition and climate-related factors.

2.2.1 Anthropometric evaluations. Weight and height were measured in light clothes,
barefoot using an electronic scale to the nearest 0.1 kg and a fixed stadiometer to the nearest
0.1 cm. It was used the Body Mass Index (BMI) to measure weight relative to height and it was
calculated dividing the body mass by height in squared meters (kg/m?).

2.2.2 Aerobic Evaluation. The VO, of firefighters was assessed by the QCST [31] that
showed a significant correlation (r = 0.95) with VO, directly measured on bicycle ergome-
ter [32].

The firefighters were required to perform 3 min of step up and down on a step of 40 cm at a
frequency of 24 stepsmin™'. At the end of the test, heart rate was recorded from 5 to 20 s of the
recovery phase (HRpost exercise)- It was used the following formula to estimate VOjpqx:

VO2max(ml.kg — 1.min — 1) = 111.30 — (0.42 « HRpost exercise).

Then, to obtain the VO,,,., in L'min™ we have calculated:
VO2max(L.min — 1) = (VO2max (ml.kg — 1.min — 1)*body weight (kg))/1000

In this test a lower heart rate after exercise corresponds to a higher estimate VOyax.

2.3 Statistical Analysis

Descriptive statistics (means, standard deviations and ranges) were computed to provide the
physical fitness profile for each measured parameter. Since the data showed a normal distribu-
tion were implemented parametric tests. Throughout the study were selected 0.05 confidence
levels.

Analysis of Variance (ANOVA) was applied to assess differences between tests (with and
without PC+S.C.B.A.) and between age group (<25 yr, 26-30 yr, 31-35 yr, 36-40 yr and >40
yr) observed in absolute and weight-related values. Cohen’s effect sizes (ES) were calculated to
provide meaningful analysis for comparisons among groups. Values ES <0.2, from 0.3 to 0.6,
<1.2 and >1.2 were considered trivial, small, moderate and large [33].

A correlation coefficients (r) was examined between QCST performed by all firefighters
with and without PC+S.C.B.A. and interpreted in accordance with the following scale
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of magnitude [34]: trivial (r < 0.1), small (0.1 <r < 0.3), moderate (0.3 <r < 0.5), large
(0.5 <r<0.7), very large (0.7 < r < 0.9), nearly perfect (r > 0.9) and perfect (r = 1).

Results

Means, standard deviations and statistical differences (p<0.05) of anthropometric and aerobic
profile of the participant to the study are shown in Table 1.

Wearing the PC+S.C.B.A., 26 (13%) of all firefighters failed to complete the test and have
been excluded from the total data analysis (Table 2).

Comparing the average values of weight-related VO, of tests without (VO ;.5 = 48.7
+7.1 ml‘kg'l‘min'l) and with PC+S.C.B.A. (VO,max = 39.9 + 5.4 ml’kg "min™") of all fire-
fighters, we can notice a sharp decrease (22%) between the two. In contrast, the average val-
ues of absolute VO,,,.x evaluated without (VO,ax = 3.7 + 0.6 L'min™') and with PC+S.C.B.
A. (VOsmax = 3.9 + 0.6 L'min™"), we can notice an increase of 6% between test.

In particular, the higher percentage differences were observed between 26-30 yr vs 31-35 yr
and between 36-40 yr vs >40 in test performed with PC+S.C.B.A. both in absolute (9.5% and
5.3%, respectively) and weight related (7.7% and 6.0%, respectively) terms. Test performed

Table 1. Means * standard deviations of anthropometric and aerobic data across age group.

Age group (yr) total

Variables <25 26-30 31-35 36-40 >40

n=28 n=32 n=46 n=32 n=32 n=170

range: 22-25 range: 26-30 range: 31-35 range: 36-40 range: 41-47 range: 22-47

Mean = SD Mean + SD Mean * SD Mean * SD Mean = SD Mean * SD
Weight (kg) 74379 73.8+6.1 74982 77.9+8.7 77.8+9.9 75.6+8.4
High (cm) 178 £ 5 176 £ 6 176 £ 6 178 £5 1776 176 + 1
BMI (kg.m-2) 23.4+20 23.7+1.6 242+2.3 247+2.3 248+2.6 242+2.2
Queen's (ml.kg-1.min-1) 53.3 + 5.9*%# 51.8 + 8.5% 48.9 + 6.5" 46.1+59 437+4.7 487 +7.1
Queen's (L.min-1) 3.9+0.6%% 3.8+0.7" 3.7+0.6 3.6+0.6 3.4+0.6 3.7+0.6
Queen's S.C.B.A. (ml.kg-1.min-1) 42.3 + 3.9%8% 42.7 + 4.8%5% 39.4 + 4.4% 38.1 + 4.3# 35.8+5.4 399+54
Queen's S.C.B.A. (L.min-1) 4.3 +0.5*% 4.2 +0.6*% 3.8+0.5 3.8+0.6 3.6+0.6 3.910.6

* = p<0.05 Vs31-35
§ = p<0.05 Vs36-40
# = p<0.05 V5>40

doi:10.1371/journal.pone.0119757.t001

Table 2. Firefighters (n°), number (n° failed) and percentage (%) of Firefighters who did not complete
the Queen’s College step test with PC+ S.C.B.A.

Age group (yr) Firefighters
n° n° failed % of age group % of total

<25 30 2 7 1

26-30 35 3 9 2

31-35 53 7 13 4

36-40 38 6 16 3

>40 40 8 20 4

Total 196 26 13

doi:10.1371/journal.pone.0119757.t002
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without PC+S.C.B.A. have shown the higher percentage differences between 26-30 yr vs 31-35
yr and between 36-40 yr vs >40 in absolute term (5.2% and 5.5%, respectively), whereas be-
tween 26-30 yr vs 31-35 yr and between 31-35 yr vs 36-40 in weight related values (5.9% and
5.7%, respectively).

VOymax values showed significant differences between QCST performed with and
without PC+S.C.B.A. in absolute (F; ;69) = 42.6, p < 0.0001, ES = 0.19) and weight-related
(F1,169) = 339.9, p < 0.0001, ES = 0.57) terms.

Analysing all subjects, the tests performed with and without PC+S.C.B.A. have shown a bet-
ter correlation coefficient in L min™ (r = 0.67) than in ml kg'1 min™ (r = 0.54). Across age
groups, correlation between tests performed with and without PC+S.C.B.A. observed in abso-
lute and weight-related values showed the same trend: <25 yr (r = 0.66 and r = 0.39, respective-
ly), 26-30 yr (r = 0.71 and r = 0.54, respectively), 31-35 yr (r = 0.61 and r = 0.43, respectively),
36-40 yr (r = 0.60 and r = 0.25, respectively), and >40 yr (r = 0.58 and r = 0.25).

Discussion

The purpose of this preliminary study was to evaluate the maximum oxygen uptake (absolute
and weight-related) of Italian firefighters recruits performed with and without wearing PC+S.
C.B.A. and to analyze the differences among age groups. The main findings of this study were
the statistical differences between tests performed with and without PC+S.C.B.A. in Italian fire-
fighters recruits and a high correlation between test observed in absolute value.

It is generally recognized that VO, is the single best physiological indicator of muscular
capacity for sustained work and that the assessment of VO, can determine workers’ cardio-
vascular health and physical capability required to carry out their duties safely and effectively.
Consequently different exercise protocols are used to determine VO,,,, for assessment of car-
diovascular fitness, prescribed training programs and evaluate his effects on the health in an
occupational setting.

Since the most precise method of measuring VO, is @ maximal laboratory exercise test
and it isn’t always possible to do, we used the QCST as it is recommended as a valid method to
evaluate cardiorespiratory fitness for large numbers of population [30, 35] and the movement
was similar to that used for the job performance of the firefighters (i.e. climbing stairs).

Even if we have found an increased number of firefighters who failed to complete the test
with PC+S.C.B.A.,, they showed the lowest values compared with Perroni et al. [36, 37]. Per-
centage differences between the values recorded with and without PC+S.C.B.A. and observed
in weight-related values, have shown a higher decrease in 31-35 yr (19%) compared with the
other categories (<25 yr = 17%; 26-30 yr = 17%, 36-40 yr = 17% and >40 yr = 18%). In con-
trast, differences between tests observed in absolute terms have demonstrated a higher increase
of values in <25 and 26-30 yr (10% and 11%, respectively) compared with 31-35 yr (3%), 36—
40 yr (6%) and >40 yr (6%). Punakallio et al. [38] have found that the average annual change
aerobic capacity, in male Finnish firefighters (30-44 yrs) at 3- and 13-year follow-ups, was
—1.12% in absolute (L'min"") and —1.33%. in weight-related (ml'kg_l'min_l). A previous study
by Perroni et al. [37] had hypothesized that decreased values of performance and increased
percentage of failure were due to premature muscle fatigue of the lower limbs muscle, caused
by an overload of the musculoskeletal system and thermoregulation, rather than by a deficit of
cardiovascular system. As fatigued muscles can affect lifting techniques and can increase the
risk of injury [39], this is a parameter that has to be taken into account while training pro-
grams. In this direction, Griefahn et al. [40] declare that at the same extra-load the subjects
with elevated body mass (i.e. height and weight) are less affected by the load carried with lower
cardiovascular strain.
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In this study, the aerobic power of all firefighters measured without PC+S.C.B.A. showed
lower absolute (3.7 Vs 4.6 Lmin™) and weight-related (48.7 Vs 58 ml'kg'l‘min‘l) values than
the values investigated by Lindberg et al. [41] on full-time firefighters (mean age: 34 yrs, range:
20-57) by submaximal treadmill running test. In addition, in the same study Lindberg et al.
[41] found a correlation between work tasks and absolute and weight-related VO, ax.

Wearing PC+S.C.B.A., all ranges of age of firefighters were still within the minimum values,
but below the preferable values recommended for the successful completion of a standard res-
cue protocol. Otherwise, absolute VO,,,,., data have shown values in line (2.7-4.0 Lmin™")
with those proposed for firefighters by O’Connell et al. [17] and von Heimburg et al. [26].

Results of all our firefighters were lower than Perroni et al. [36, 37] and, analyzing the aero-
bic values of each age category, than Perroni et al. [37] for 31-35 yrs, 36-40 yrs and >40 yrs.
The firefighters values examined in this investigation are substantially higher than the values
measured by Swank et al. [42] on a cycle ergometer and by Hammer and Heath [43] on a tread-
mill for the same mean age.

Given that various studies [21, 44, 45, 46, 47, 48] have shown a correlation between high lev-
els of fitness and improved job performance during actual firefighting activities and a decreased
risk of injury, a periodic fitness evaluation of firefighters should be done. Although the aim of
the tests is to measure specific physical capacities and evaluate the relation between different
tests, a high number of experiments could be time consuming and may be physically and men-
tally strenuous for the firefighters. A reduction in tests number and the choice of an adequate
test could be useful for the organization of specific and periodic assessment of physical fitness
of firefighters. Given that 1) in this study we have found a large correlation coefficient between
tests performed with and without PC+ S.C.B.A observed in L min! (r = 0.67), 2) Perroni et al.
[8] found the same values as in our test performed with PC+ S.C.B.A. observed in absolute rate
and 3) the absolute VO,,,,,x does not take into account the body weight of subjects and the
heavy PC+S.C.B.A., we suggest that the QCST performed with PC+ S.C.B.A. observed in abso-
lute term can be an useful tool to evaluate the cardiovascular strain of the firefighters.

Conclusion

Our results show that there are significant differences among step tests performed with and
without PC+S.C.B.A., observed in absolute and weight-related rate, and that a simple proce-
dure can be carried out for the evaluation of VO, .« in large number of firefighters. A system-
atic and periodic assessment of fitness level of firefighters with PC+S.C.B.A. (by a correlate
field test) could allow us to create specific training programs and monitor the evolution of the
physical capabilities of firefighters during the job career to perform their occupational activities
safely reducing the risk of injuries. Moreover, the evaluation of VO,,,, observed in L'min™
could facilitate a comparison between the same firefighters and different subjects during a spe-
cific period of physical conditioning,

Acknowledgments

The authors would like to express their gratitude to the Italian Firefighters Corp for the support
in carrying out the experimental sessions.

Author Contributions

Conceived and designed the experiments: FP CB. Performed the experiments: FP LC. Ana-
lyzed the data: FP LG. Contributed reagents/materials/analysis tools: FP CB. Wrote the paper:
FP LG CB.

PLOS ONE | DOI:10.1371/journal.pone.0119757 March 12,2015 6/8



@ PLOS | one

VO2max Evaluation in Firefighters: Differences among Age Group

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

Gledhill N, Jamnik V. Characterization of the physical demands of firefighting. Can J Sport Sci. 1992;
17:207-213. PMID: 1325260

Smith DL, Petruzzello SJ, Chludzinski MA, Reed JJ, Woods JA. Selected hormonal and immunological
responses to strenuous livefire firefighting drills. Ergonomics. 2005; 48(1):55-65. PMID: 15764306

Oldham JA, Schofield S, McAllighan MJ, Winstanley J. An investigation of the validity of ‘simulated’
work-related tasks in relation to ‘real life’ situations in the fire service training environment. Occup Med.
2000; 50:599-607.

Smith DL, Petruzzello SJ, Kramer JM, Misner JE. The effects of different thermal environments on the
physiological and psychological responses of firefighters to a training drill. Ergonomics. 1997; 40
(4):500-510. PMID: 9140209

Williford HN, Duey WJ, Olson MS, Howard R, Wang N. Relationship between firefighting suppression
tasks and physical fithess. Ergonomics. 1999; 42(9):1179-1186. PMID: 10503052

Perroni F, Guidetti L, Cignitti L, Baldari C Psychophysiological Responses of Firefighters to Emergen-
cies: A Review. TOSSJ. 2014a; 7(Suppl-1, M3):8-15.

Perroni F, Tessitore A, Cibelli G, Lupo C, D’Artibale E, Cortis C, et al. Effects of simulated firefighting on
the responses of salivary cortisol, alpha-amylase and psychological variables. Ergonomics. 2009; 52
(4):484—491. doi: 10.1080/00140130802707873 PMID: 19401900

Perroni F, Tessitore A, Cortis C, Lupo C, D’Artibale E, Cignitti L, et al. Energy cost and energy sources
during a simulated firefighting activity. J Strength Cond Res. 2010; 24(12):3457—-3463. doi: 10.1519/
JSC.0b013e3181b2c7ff PMID: 19996788

Qu X, Yeo JC. Effects of load carriage and fatigue on gait characteristics. J Biomech. 2011; 44:1259-
1263. doi: 10.1016/j.jbiomech.2011.02.016 PMID: 21397234

Bakri |, Lee JY, Nakao K, Wakabayashi H, Tochihara Y. Effects of firefighters’ self-contained breathing
apparatus’ weight and its harness design on the physiological and subjective responses. Ergonomics.
2012; 55:782-791. doi: 10.1080/00140139.2012.663506 PMID: 22506725

Barr D, Gregson W, Reilly T. The thermal ergonomics of firefighting reviewed. Appl Ergon. 2010; 41
(1):161-172. doi: 10.1016/j.apergo.2009.07.001 PMID: 19664755

Bilzon JL, Scarpello EG, Smith CV, Ravenhill NA, Rayson M. Characterization of the metabolic demands
of simulated shipboard Royal Navy firefighting tasks. Ergonomics. 2001; 44:766-780. PMID: 11450875

Rodriguez-Marroyoa JA, Villaa JG, Lopez-Satue J, Pernia R, Carballo B, Garcia-Ldépez J, et al. Physi-
cal and thermal strain of firefighters according to the firefighting tactics used to suppress wildfires. Ergo-
nomics. 2011; 54(11):1101-1108. doi: 10.1080/00140139.2011.611895 PMID: 22026953

Eglin C, Coles S, Tipton MJ. Physiological responses of fire-fighter instructors during training exercises.
Ergonomics. 2004; 47(5): 483—-494. PMID: 15204300

Sothmann MS, Saupe K, Jasenof D, Blaney J. Heart rate response of firefighters to actual emergen-
cies. Implications for cardiorespiratory fithess. J Occup Med. 1992; 34(8):797-800. PMID: 1506937

Richmond VL, Rayson MP, Wilkinson DM, Carter JM, Blacker SD. Physical demands of firefighter
search and rescue in ambient environmental conditions. Ergonomics. 2008; 51(7):1023-1031. doi: 10.
1080/00140130801939709 PMID: 18568961

O'Connell ER, Thomas PC, Cady LD, Karwasky RJ. Energy costs of simulated stair climbing as a job
related task in firefighting. J Occup Med. 1986; 28:282-284. PMID: 3701477

Horowitz MR, Montgomery DL. Physiological profile of firefighters compared to norms for the Canadian
population. Can J Public Health. 1993; 84:50-53. PMID: 8500058

Punakallio A, Louhevaara V, Lusa-Moser S, Korhonen O. Work ability and physical fitness of fire fight-
ers in different age groups. In: Seppala P, Luopajarvi T, Nygard C- H, Mattila M, Eds. From experience
to innovation: IEA ‘97 Proceedings of the 13" Triennial Congress of the International Ergonomics Asso-
ciation; 1997 Jun 29-Jul 4, Tampere. Helsinki, Finland: Finnish Institute of Occupational Health.

Saupe K, Sothmann M, Jasenof D. Aging and the fitness of fire fighters: the complex issues involved in
abolishing mandatory retirement ages. Am J Public health. 1991; 81:1192—-1194. PMID: 1951832
Elsner KL, Kolkhorst FW. Metabolic demands of simulated firefighting tasks. Ergonomics. 2008;
51:1418-1425. doi: 10.1080/00140130802120259 PMID: 18802822

National Fire Protection Association. NFPA Association 1500: Standard on Health-Related Fitness Pro-
grams for Fire Figthers. Quincy, MA: National Fire Protection Association; 2007.

Williams-Bell FM, Villar R, Sharratt MT, Hughson RL. Physiological demands of the firefighter Candi-

date Physical Ability Test. Med Sci Sports Exerc. 2009; 41:653—-662. doi: 10.1249/MSS.
0b013e31818ad117 PMID: 19204584

PLOS ONE | DOI:10.1371/journal.pone.0119757 March 12,2015 7/8


http://www.ncbi.nlm.nih.gov/pubmed/1325260
http://www.ncbi.nlm.nih.gov/pubmed/15764306
http://www.ncbi.nlm.nih.gov/pubmed/9140209
http://www.ncbi.nlm.nih.gov/pubmed/10503052
http://dx.doi.org/10.1080/00140130802707873
http://www.ncbi.nlm.nih.gov/pubmed/19401900
http://dx.doi.org/10.1519/JSC.0b013e3181b2c7ff
http://dx.doi.org/10.1519/JSC.0b013e3181b2c7ff
http://www.ncbi.nlm.nih.gov/pubmed/19996788
http://dx.doi.org/10.1016/j.jbiomech.2011.02.016
http://www.ncbi.nlm.nih.gov/pubmed/21397234
http://dx.doi.org/10.1080/00140139.2012.663506
http://www.ncbi.nlm.nih.gov/pubmed/22506725
http://dx.doi.org/10.1016/j.apergo.2009.07.001
http://www.ncbi.nlm.nih.gov/pubmed/19664755
http://www.ncbi.nlm.nih.gov/pubmed/11450875
http://dx.doi.org/10.1080/00140139.2011.611895
http://www.ncbi.nlm.nih.gov/pubmed/22026953
http://www.ncbi.nlm.nih.gov/pubmed/15204300
http://www.ncbi.nlm.nih.gov/pubmed/1506937
http://dx.doi.org/10.1080/00140130801939709
http://dx.doi.org/10.1080/00140130801939709
http://www.ncbi.nlm.nih.gov/pubmed/18568961
http://www.ncbi.nlm.nih.gov/pubmed/3701477
http://www.ncbi.nlm.nih.gov/pubmed/8500058
http://www.ncbi.nlm.nih.gov/pubmed/1951832
http://dx.doi.org/10.1080/00140130802120259
http://www.ncbi.nlm.nih.gov/pubmed/18802822
http://dx.doi.org/10.1249/MSS.0b013e31818ad117
http://dx.doi.org/10.1249/MSS.0b013e31818ad117
http://www.ncbi.nlm.nih.gov/pubmed/19204584

@' PLOS ‘ ONE

VO2max Evaluation in Firefighters: Differences among Age Group

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

von Heimburg ED, Medbg JI, Sandsund M, Reinertsen RE. Performance on a work-simulating firefight-
er test versus approved laboratory tests for firefighters and applicants. Int J Occup Saf Ergon. 2013; 19
(2):227-243. PMID: 23759193

Holmér |, Gavhed D. Classification of metabolic and respiratory demands in fire fighting activity with ex-
treme workloads. Appl Ergon. 2007; 38: 45-52. PMID: 16516136

von Heimburg ED, Rasmussen AK, Medbg JI. Physiological responses of firefighters and performance
predictors during a simulated rescue of hospital patients. Ergonomics. 2006; 49:111-126. PMID:
16484140

Donovan R, Nelson T, Peel J, Lipsey T, Voyles W, Israel RG. Cardiorespiratory fithess and the metabolic
syndrome in firefighters. Occup Med. 2009; 59:487—492. doi: 10.1093/occmed/kqp095 PMID: 19578075

Bilzon JLJ, Scarpello EG, Smith CV, Ravenhill NA, Rayson MP. Characterization of the metabolic demands
of simulated shipboard Royal Navy fire-fighting tasks Ergonomics. 2001; 44(8):766—780. PMID: 11450875

Dreger RW, Petersen SR. Oxygen cost of the CF—DND fire fit test in males and females. Appl Physiol
Nutr Metab. 2007; 32:454—462. PMID: 17510680

Astrand |. Aerobic work capacity in men and women with special reference to age. Acta Physiol Scand
Suppl. 1960; 49(169):1-92. PMID: 13794892

McArdle WD, Katch FI, Pechar GS, Jacobson L, Ruck S. Reliability and interrelationships between
maximal oxygen intake, physical work capacity and step-test scores in college women. Med Sci Sports.
1972; 4:182-186. PMID: 4648576

Chatterjee S, Chatterjee P, Mukherjee PS, Bandyopadhyay A. Validity of Queen’s College step test for
use with young Indian men. Brit J Sports Med. 2004; 38:289-291.

Cohen J (1988) Statistical Power Analysis for the Behavioral Sciences ( 2nd ed). Hillsdale. NJ: Law-
rence Eribaum Associates.

Hopkins W. A new view of statistics. 2013. Available: http://www.sportsci.org/resource/stats/index.html.
Accessed 2014 May 5

Portney LG, Watkins MP. Foundations of Clinical Research: Application to Practice. 3rd edition. Upper
Saddle River, NJ: Pearson Education, Inc., 2009.

Chatterjee S, Chatterjee P, Bandyopadhyay A. Validity of Queen’s College step test for estimation of
maximum oxygen uptake in female students. Indian J Med Res. 2005; 121:32-35. PMID: 15713976

Perroni F, Tessitore A, Lupo C, Cortis C, Cignitti L, Capranica L. Do Italian fire fighting recruits have an
adequate physical fitness profile for fire fighting? Sport Sci Health. 2008; 4:27-32.

Perroni F, Cignitti L, Cortis C, Capranica L. Physical fitness profile of professional Italian firefighters: Dif-
ferences among age groups. Appl Ergon. 2014; 45(3):456—461. doi: 10.1016/j.apergo.2013.06.005
PMID: 23849328

Punakallio A, Lindholm H, Luukkonen R, Lusa S. Lifestyle Factors Predicting Changes in Aerobic Ca-
pacity of Aging Firefighters at 3- and 13-Year Follow-Ups. JOEM. 2012; 54(9):1133—-1141. doi: 10.
1097/JOM.0b013e3182554b11 PMID: 22892548

Trafimov JH, Schipplein OD, Novak GJ, Andersson GBJ. The effects of quadriceps fatigue on the tech-
nique of lifting. Spine. 1993; 18:364—-367. PMID: 8475439

Griefahn B, Kiinemund C, Bréde P. Evaluation of performance and load in simulated rescue tasks for a
novel design SCBA: effect of weight, volume and weight distribution. Appl Ergon. 2003; 34: 157-165.
PMID: 12628573

Lindberg A- S, Oksa J, Gavhed D, Malm C. Field Tests for Evaluating the Aerobic Work Capacity of
Firefighters. PLoS ONE. 2013; 8(7): €68047. doi: 10.1371/journal.pone.0068047 PMID: 23844153

Swank AM, Adams KJ, Barnard KL, Berning JM, Stamford BA. Age-Related Aerobic Power in Volun-
teer Firefighters, A Comparative Analysis J Strength Cond Res. 2000; 14(2):170-174.

Hammer RL, Heath EM. Comparison of aerobic capacity in annually certified and uncertified volunteer
firefighters. J Strength Cond Res. 2013; 27(5): 1435-1440. doi: 10.1519/JSC.0b013e318265aaf7
PMID: 22744416

Michaelides MA, Parpa KM, Thompson J, Brown B. Predicting performance on firefighter’s ability test
from fitness parameters. Res Q Exerc Sport. 2008; 79:468—475. PMID: 19177948

Rhea MR, Alvar BA, Gray R. Physical fitness and job performance of firefighters. J Strength Cond Res.
2004; 18:348-352. PMID: 15142006

Knapik JJ, Sharp MA, Canham-Chervak M, Hauret K, Patton JF, Jones BH. Risk factors for training-
related injuries among men and women in basic combat training. Med Sci Sports Exerc. 2001; 33:946—
954. PMID: 11404660

Mattila VM, Niva M, Kiuru M, Pihlajamaki H. Risk factors for bone stress injuries: A follow-up study of
102, 515 person-years. Med Sci Sports Exerc. 2007; 39:1061-1066. PMID: 17596772

PLOS ONE | DOI:10.1371/journal.pone.0119757 March 12,2015 8/8


http://www.ncbi.nlm.nih.gov/pubmed/23759193
http://www.ncbi.nlm.nih.gov/pubmed/16516136
http://www.ncbi.nlm.nih.gov/pubmed/16484140
http://dx.doi.org/10.1093/occmed/kqp095
http://www.ncbi.nlm.nih.gov/pubmed/19578075
http://www.ncbi.nlm.nih.gov/pubmed/11450875
http://www.ncbi.nlm.nih.gov/pubmed/17510680
http://www.ncbi.nlm.nih.gov/pubmed/13794892
http://www.ncbi.nlm.nih.gov/pubmed/4648576
http://www.sportsci.org/resource/stats/index.html
http://www.ncbi.nlm.nih.gov/pubmed/15713976
http://dx.doi.org/10.1016/j.apergo.2013.06.005
http://www.ncbi.nlm.nih.gov/pubmed/23849328
http://dx.doi.org/10.1097/JOM.0b013e3182554b11
http://dx.doi.org/10.1097/JOM.0b013e3182554b11
http://www.ncbi.nlm.nih.gov/pubmed/22892548
http://www.ncbi.nlm.nih.gov/pubmed/8475439
http://www.ncbi.nlm.nih.gov/pubmed/12628573
http://dx.doi.org/10.1371/journal.pone.0068047
http://www.ncbi.nlm.nih.gov/pubmed/23844153
http://dx.doi.org/10.1519/JSC.0b013e318265aaf7
http://www.ncbi.nlm.nih.gov/pubmed/22744416
http://www.ncbi.nlm.nih.gov/pubmed/19177948
http://www.ncbi.nlm.nih.gov/pubmed/15142006
http://www.ncbi.nlm.nih.gov/pubmed/11404660
http://www.ncbi.nlm.nih.gov/pubmed/17596772

