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Abstract 

Introduction: The British Army recently introduced single-sex initial training for recruits in an attempt to increase retention and reduce injury rates among women. Since its introduction in 2006, medical discharge rates for women have fallen by 47% and first time pass rates have increased by 3.3% (Bilzon et al., 2007).  Previously, female recruits worked 33% harder than their male counterparts in a mixed-sex platoon during the Common Military Syllabus for Recruits (CMS(R)) (Rayson et al, 2002).  This study aimed to quantify the physical demands of initial training for both sexes in single-sex platoons, and examine whether these physical demands have changed as a result of single-sex training. Methods:  Thirty male and 30 female recruits (mean ± SD: age 19 ± 2 years; height 1.80 ± 0.07 m vs 1.64 ± 0.06 m;  mass 73.8 ± 12.9 kg vs 57.2 ± 6.5 kg, estimated VO2max 45.2 ± 3.5 mL.kg-1min-1 vs 38.4 ± 2.6 mL.kg-1min-1 respectively) were monitored throughout the 14-week CMS(R).  Energy expenditure (EE) was measured using the doubly labelled water technique.  Physical activity was measured using the 3dNXTM tri-axial accelerometer (BioTel, Bristol, UK) and quantified as physical activity counts (PAC).  Cardiovascular strain was measured using the Polar Team SystemTM and reported as percentage of heart rate reserve (%HRR).  Data were collected during waking hours (~06:00 – 21:30) in weeks 1, 2, 6, 9, 13 and 14 of CMS(R).  A best effort 1.5 mile run was performed in weeks 1 and 14.  Results: Average daily EE was lower for female (12.8 ( 1.6 MJ.d-1) than male recruits (17.4 ( 2.0 MJ.d-1, p<0.001), largely due to differences in body mass.  When EE was expressed as Physical Activity Level to reduce the influence of body mass, there was no difference between female (2.2 ± 0.2) and male recruits (2.3 ± 0.2, p=0.20).  Average daily %HRR was similar between female (31 ± 4%) and male recruits (32 ± 5%, p = 0.19).  Average daily PAC was lower for female (131,163 ± 25,097 counts) than male recruits (148,537 ± 30,189 counts), suggesting that male recruits were carrying out more physical activity for the same level of cardiovascular strain.  Female recruits improved their 1.5 mile run time by 9% (12:41 ± 00:40 min:s to 11:27 ± 00:35 min:s, p<0.001) and male recruits by 10% (10:26 ± 00:53 min:s to 9:23 ± 00:29 min:s, p<0.001).  Conclusion: The relative physical demands of CMS(R) for male and female recruits were comparable, as were the relative aerobic fitness gains.  However, the total volume of physical activity undertaken by male recruits, and their fitness levels throughout training, were greater.  A similar proportion of male and female recruits passed out of CMS(R), after achieving the same minimum required fitness standard on lifting, carrying and marching tasks.  This study supports streaming of initial military training by sex, as it standardizes the relative cardiovascular strain experienced by each sex, whilst providing the physiological adaptation needed to become effective soldiers. Further work should establish whether single-sex training would be of benefit during trade-specific continuation training for recruits.
1.0
INTRODUCTION

The basic training common to all British Army recruits is the Common Military Syllabus for Recruits (CMS(R)), carried out over 14 weeks at one of the Army Training Regiments by both males and females.  This is known as Phase 1 training and precedes Phase 2 training during which soldiers carry out more specific training with their chosen Regiment.  Over the last decade there have been many changes to the way males and females are trained and assessed in the British Army.  The introduction of Physical Selection Standards for Recruits (PSS(R)) and ‘gender-free’ training for CMS(R) in 1997 saw for the first time male and female recruits being trained and assessed to a common standard.  However, following the introduction of PSS(R) there was a 9% fall in the number of females recruited into the British Army and overuse injuries among women more than doubled (4.7% to 11.1%) (Gemmell 2000).  Consequently, numerous strategies were adopted in initial training to reduce injury and medical discharge, and by 2002 injury rates among females were down to 7%.  Previous work has found that in a mixed sex platoon during CMS(R), females worked 33% harder than their male counterparts, highlighting a mismatch in aerobic fitness and explaining, in part, the higher injury rate amongst female recruits (Rayson et al. 2002).  This study provided support for the introduction of streaming by sex a) to allow the training programme to be tailored to the ability of the group and b) to ensure that the fitter male recruits were not held back.

In April 2006, the Army Training Regiment (Pirbright) (ATR(P)) introduced the process of ‘gender streaming’, with males and females following largely the same syllabus, but in single-sex platoons.  The intention was that streaming by sex would allow female recruits to train at an intensity that would reduce the incidence of overuse injuries and increase retention throughout training while still achieving the common physical output standards after 14 weeks.  A recent audit of medical discharge (MD) rates during basic training found that in the year following implementation of single-sex training, there was a 47% decrease in MD from overuse injuries in female recruits leading to a 3.3% increase in first time pass rates (Bilzon and Griggs 2008).  However, it remains to be established whether the physical demands of single-sex training are appropriate or comparable in both sexes.  Whilst over-training leads to increased rates of injury and attrition, under-training fails to optimise individual performance and may lead to deficiencies in fitness to undertake Phase 2 training.  

Consequently, this study aimed to quantify the physical demands of initial training for both sexes in single-sex platoons and examine whether male and female recruits are training at an appropriate intensity.

2.0
METHODS

2.1
Study design and participants

This study was conducted throughout the 14-week CMS(R) course at ATR(P) in the United Kingdom that commenced in June 2007. Thirty male recruits from Platoon A and 30 female recruits from Platoon B gave written, informed consent to take part in the study, approved by the Ministry of Defence Research Ethics Committee (MODREC) and the QinetiQ ethics committee.  

Data were collected in four monitoring periods throughout CMS(R) (weeks 1–2, 6, 9 and 13–14).  Stature (Leicester Stadiometer, Seca, Hamburg, Germany), body mass (Alpha 770, Seca, Hamburg, Germany) and body composition using bioelectrical impedance (Bodystat 1500, Bodystat Ltd, Douglas, Isle of Man) were measured on the day prior to the start of monitoring Period 1 (weeks 1–2).  Body mass was measured again at the start and end of each monitoring block.  Aerobic fitness was measured by a Multi Stage Fitness Test (MSFT) in week 1 and improvements in fitness were gauged by a 2.4 km run in weeks 1 and 14.  All participants wore heart rate monitors and accelerometers during waking hours (~06:00–21:30) and continuously during the 5-day field exercise in week 13.  In addition, sixteen recruits from each Platoon took a single dose of doubly labelled water (DLW) at the start of weeks 1 and 13.  
2.2
Energy expenditure, cardiovascular strain and physical activity

Energy expenditure (EE) and total body water were measured using the DLW technique, as described by Westerterp and Saris (1992).  Students were given a single oral dose of DLW (2H218O) the night before the start of the 10-day observation period, after collection of a baseline urine sample.  Urine was subsequently sampled in the morning during days 1–10 of the monitoring period and stored at -5 oC until analysis.  Urine samples were analysed by isotope ratio mass spectrometry with an analytic precision of 0.2 ppm for 2H and 0.4 ppm for 18O.  The value of 0.85 was used for the estimate of the respiratory quotient, based on the consumption of a standard Western Diet (Ainslie et al. 2003).  Total energy expenditure (TEE) was calculated according to Schoeller et al. (1986).  
Heart rate (HR) was recorded every 5 s to measure cardiovascular response using the Polar Team System (Polar Electro, Oy, Finland).  The percentage of heart rate reserve (% HRR) was calculated as the preferred index of cardiovascular strain according to the American College of Sports Medicine (ACSM) (1998).  Resting Heart Rate (HRrest) was calculated as the mean value of the lowest 30-second rolling average during sleep in week 1.  Maximum Heart Rate (HRmax) was measured as the highest value recorded during the MSFT or 1.5 mile run in week 1. 
3dNX™ accelerometers (BioTel Ltd, Bristol, UK) were used to monitor physical activity and to provide an index of stress, or absolute workload experienced by individual recruits.  The device was attached to the participant using an elasticated belt around the waist and accelerometer data were recorded continuously, sampling at 3000 times a minute.  Every minute, physical activity counts (PAC) from the summed x-, y- and z-axes were calculated and the totals were reported as counts per minute.  PAC gives an absolute measure of physical activity and is thought to be unaffected by any other factor such as body size or physical fitness.   

2.3
Data analysis

The results are expressed as mean ( one standard deviation (SD).  Error bars on all figures represent one SD.  Comparative analyses were performed using standard parametric statistics (Analysis of Variance — ANOVA) run on Statistical Package for the Social Sciences (SPSS) v 14.0 for Windows.  Post hoc pair-wise comparisons were made using t-tests or Tukey’s honestly significant differences test.   Statistical significance was set a priori at p<0.05.

3.0
RESULTS

3.1
Participant characteristics and physical fitness

The physical characteristics of the recruits are shown in Table 1.  Female recruits were, on average, significantly smaller and lighter than their male counterparts, had a greater proportion of body fat and were less aerobically fit.  Of the 30 female recruits who started training, 17 passed first time (57%) and of the 30 male recruits who started, 18 successfully passed training first time (60%).  

The 2.4 km run was performed in weeks 1 and 14 of CMS(R).  Females improved by 9% from 12:41 ± 00:40 min:s to 11:27 ± 00:35 min:s (p<0.001) and males improved by 10% from 10:26 ± 00:53 min:s to 9:23 ± 00:29 min:s (p<0.001).  There was no correlation between run time at week 1 and % change for female recruits (r=0.09. p>0.05), but there was a correlation between run time at week 1 and % change for male recruits (r=0.65, p<0.01) with the slower recruits at week 1 improving by the greatest margin.
	
	Male (n=30)
	Female (n=30)

	Age (yr)
	18.9 ± 1.6
	18.6 ± 1.9

	Height (m)
	1.80 ± 0.07
	1.63 ± 0.06*

	Mass (kg)
	73.8 ± 12.9
	57.2 ± 6.5*

	Estimated Fat† (%)
	9.5 ± 4.0
	20.0 ± 3.6*

	2.4 km Run (ADSC††) (min:s)
	10:21 ± 00:57
	12:36 ± 00:40*

	2.4 km Run (Week 1) (min:s)
	10:25 ± 00:50
	13:03 ± 00:54*

	†††Wk 1 VO2max (ml.kg-1.min-1) 
	45.2 ± 3.5
	38.4 ± 2.6

	Maximum Heart Rate (b.min-1) 
	198 ± 10
	206 ± 7*

	Resting Heart Rate (b.min-1)
	49 ± 5
	55 ± 7*

	Heart Rate Reserve (b.min-1)
	151 ± 11
	143 ± 39


Table 1: Physical characteristics of recruits starting CMS(R)
* Different from male recruits (p<0.01)

† Bioelectrical impedance

†† Army Development and Selection Centre

††† Estimated from MSFT 
3.2
Energy expenditure, cardiovascular strain and physical activity

The average daily EE for weeks 1–2 and 13–14 are shown in Figure 1.  The average daily EE over all monitored periods was lower for females (12.8 ( 1.6 MJ.d-1 or 3056 ( 382 kcal.d-1) than males (17.4 ( 2.0 MJ.d-1 or 4171 ( 461 kcal.d-1) (p<0.001).  The individual range in EE was largely a function of body mass for both females (r=0.75; p<0.01) and males (r=0.50; p<0.01).  When average daily EE was expressed as Physical Activity Level (PAL = daily energy expenditure/basal metabolic rate) to reduce the influence of changes in body mass on the results, there was no difference between females (2.2 ± 0.2) and males (2.3 ± 0.2) (p=0.20).  


The mean % HRR for each of the training days monitored is shown in Figure 2.  The average daily % HRR was the same for female (31 ± 4%) and male (32 ± 5%) recruits (p = 0.19).  However, % HRR in week 1 was higher for male recruits (p<0.05) and week 13 was higher for female recruits (p<0.05) than the other sex.  Week 1 had the highest daily % HRR for the females (33 ± 3%), and males (38 ± 0%).  
Overall, male recruits performed more physical activity per day (148,537 ± 30,189) than female recruits (131,163 ± 25,097) (p<0.001).  The highest week in terms of PACs for both sexes was week 6, which included three PT lessons, a drill test and a day on the ranges.  
Figure 1: Energy expenditure of male and female recruits at the start and end of CMS(R)
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Figure 2: Average weekly % HRR for male and female recruits during CMS(R)
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* Average weekly % HRR different for males and females (p<0.05)

4.0
DISCUSSION

This study aimed to quantify the physical demands of initial training for both sexes in single-sex platoons and examine whether male and female recruits were training at an appropriate intensity.  Overall, the physical demands of CMS(R) appeared to be within the capability of the recruits, and the physical demands for males and females were comparable.  A similar proportion of male (60 %) and female (57 %) recruits passed out of CMS(R) first time, following achievement of the same required fitness standards on the physical output tests including a lift, carry and marching tasks.  
Male and female recruits made considerable progress in their aerobic fitness, with improvements of 9% and 10% respectively over 14 weeks, suggesting significant aerobic adaptation to training.  There was no relationship between initial run time and percentage improvement for females, which shows that improvements were variable between recruits of different fitness levels.  This could be due to changes in effort between weeks 1 and 14 or variations in physical preparation prior to starting CMS(R).  Conversely, there was a relationship between initial run time and percentage improvement for males, suggesting that slower recruits improved the most between weeks 1 and 14.

The average daily EE was higher for male recruits than females, although this was probably a function of body mass.  In the group as a whole, male and female recruits maintained their body mass throughout CMS(R), suggesting that, despite some large variations in individual recruits in weight loss and gain, the recruits in general were in energy balance.  Average daily EE was also expressed as Physical Activity Level (PAL) to reduce the influence of body mass on the results.  Bouten et al. (1996) defined categories of activity, where a PAL of less than 1.60 equated to ‘low’, a PAL between 1.60 and 1.85 equated to ‘moderate’, and a PAL of greater than 1.85, as ‘high’.  Using this classification system the mean values of 2.2 and 2.3 for female and male recruits respectively show they that were considerably over the ‘high’ threshold.  There was no difference between male and female recruits, suggesting that both Platoons were carrying out the same intensity of physical activity (relative to their basal metabolic rates) per day during weeks 1, 2, 13 and 14.  

There was no difference in overall average daily % HRR for male or female recruits, with the highest cardiovascular strain for both platoons reported in week 1 of training.  Whilst it is encouraging that both sexes are working at the same intensity despite being trained separately, it is not optimal to their training or health to be working at the highest intensity in week 1.  This seems to be a recurring theme throughout basic training at other ATRs, with cardiovascular strain being higher during the first weeks of training for Officer Cadets at Sandhurst (Bilzon et al. 2006), on the Combined Infantryman’s Course for Foot Guards at Catterick (Carter et al. 2006) and  for recruits during CMS(R) at ATR Winchester (Rayson et al. 2002).  

Analysis of individual weeks shows that male recruits worked at a higher average daily % HRR in week 1 compared to females, suggesting that male recruits either worked harder during physical lessons, or they had to work harder to meet the additional demands of week 1 training, such as during administrative tasks.  Female recruits worked at a higher average daily % HRR than males during the final exercise in week 13.  Although the platoons worked separately throughout the exercise, all recruits regardless of sex were required to carry the same load.  The relatively larger load carried by females (relative to body mass) would have resulted in females working harder.  It also seems that female recruits performed more physical activity during the final exercise, as shown by the PAC.

Daily average PAC was higher for male than female recruits suggesting that males carried out more physical activity per day.  This is despite the fact that both sexes expended the same energy relative to their body size per day (as shown by the PAL data).  However, the PAL data were restricted to weeks 1–2 and 13–14, whereas the PAC data include weeks 6 and 9, which were both higher for male recruits, and resulted in the different results.  A further explanation is that although the amount of physical activity carried out by males and females is the same relative to basal metabolic rate (PAL), different activities could result in different PACs between the sexes. For example, upper body exercise would result in a lower PAC than running because accelerometers do not account for physical activity that solely uses the arms.

In summary, the overall demands of CMS(R) appear to within the capabilities of the recruits who completed CMS(R); they maintain energy balance throughout training and PAL corresponds to a ‘high’, but not excessive, activity level.  Male and female recruits train at the same intensity during CMS(R) as shown by cardiovascular strain and PAL and similar improvement in aerobic fitness for both sexes is further evidence that the recruits are trained at the same relative intensity.  However, following Phase 1 training, male and female recruits embark upon Phase 2 training together in their corps and the effect of bringing both sexes together at this stage on the standard of training and pass rate is unknown.
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