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SUMMARY

Physiological differences between men and women have been the main obstacle in integrating female soldiers in combat units. The present study was conducted in the Israeli Defense Forces (IDF) in order to evaluate whether gender differences in certain anthropometric and physical fitness parameters that are relevant to military task performance can be lessened after a 4-month gender integrated basic training (BT) period. At the end of the 4-month BT, an average increase in body weight was evident in female recruits, whereas a decrease in body weight and in BMI was revealed in their male counterparts. Although in both sexes a decrease in percent body fat was evident, the overall difference in percent body fat between the groups increased by 9%. During BT, females significantly improved their scores in field and laboratory aerobic tests, while the males improved significantly only in the field fitness test (IDF-PT). A significant gap in physical fitness between males and females still existed after BT, although fitness did slightly improve in the women. These results draw attention to three practical issues that require further investigation: 1) improving the pre-recruitment sorting process to try and bridge the inherent physiological differences between the genders; 2) instituting a pre-BT course for females as a possible help in further narrowing gender differences of physical capacity; and 3) using an assignment dependent basic selection regime, independent of gender, in order to decrease physical fitness differences between the battalion's soldiers.
INTRODUCTION

Integrating women into combat professions that have been male-dominated in the past has become a main issue in the Israeli Defense Forces (IDF), as well as a matter of discussion in armed forces worldwide [1]. In the US Army, policies regarding acceptable roles and suitable job assignments for women have been updated to encompass the demographic shift in female recruitment [1]. Over a thirty-year period, the percentage of females in US Army military forces has increased from 1.6% in 1972 to 15% in 2001 [2, 3], and this trend is projected to increase in the near future to 20% [1]. In Israel, military service is mandatory for both males and females, and the percentage of female involvement reaches approximately 30% of the total military force. 

Physiological differences in women such as lower muscle mass, higher fat percentage, lower aerobic and anaerobic capacity, higher susceptibility to stress fracture and other musculoskeletal injuries, which previously had excluded them from most combat duties, have been shown to improve with proper training regimens [4]. One study, in which both genders participated in a similar 8-week training program, revealed a substantial decrease in the difference between men and women in aerobic power [5]. In addition, other studies have shown a reduction in body fat percentage (%BF) of up to 7.1% along with an increase in total weight when comparing weight and lean body mass (LBM) after proper physical training. These results denote a significant increase in muscle tissue [6, 7]. 



Military standards in combat units have been set for male soldiers. Therefore the question arises whether female soldiers can adapt to these physical demands with the implementation of proper military-relevant training programs. For example, women have been shown to be more susceptible to overuse injuries such as stress fractures when compared to males engaged in similar activities [8]. Stress fracture, an overuse injury to bone, is one of the most common and potentially debilitating overuse injuries seen in military recruits. Stress fractures develop when unaccustomed mechanical loading promotes initiation of microdamage at sites of accelerated bone remodeling. This injury occurs much more frequently in women than men, even when performing the same prescribed physical activities. Some studies have shown a stress fracture incidence ranging from 12% to 30% among female army recruits in comparison with only 7-10% amongst the male recruits [4, 9]. However, despite the high incidence of injury among female soldiers, Knapik et al. showed that a carefully controlled physical training program resulted with a lower overall injury rate in basic combat training [10]. 



In a previous study, Yanovich et al investigated the changes in physical fitness of male and female soldiers following a 4-month BT course in a unit that was comprised of a vast majority of female soldiers (70%) [11]. In that unit all soldiers, regardless of their gender, served under the same environmental conditions and participated equally in all combat duties: e.g. patrols, pursuits, ambushes and surveillance. Physical requirements for both female and male soldiers were supposed to be equal. It was reported that the physiological advantage of male soldiers was lowered by almost 4% during BT, but the overall gender differences were still evident in favor of the males, indicating a 20% aerobic and 25% anaerobic advantage over their female counterparts. The purpose of this study was to further evaluate whether gender differences in anthropometric and physical fitness parameters relevant to military task performance could be narrowed after a 4-month period of gender integrated BT.
MATERIALS AND METHODS

The procedures performed in the present study corresponded to the protocol of the IDF Medical Corps Type Protocols for Human Research Studies. Approval was also granted by the Surgeon General's Human Subjects Research Review Board in accordance with the 1964 Helsinki declaration. 
Subjects. 137 new recruits (109 females and 28 males; 19±1 yr) enrolled in a 4-month BT course in a gender integrated combat infantry battalion of the IDF. Prior to participating in the study, all participants were briefed by the study investigators on the nature and purpose of the study. Each participant then read and signed an informed consent form before testing began.  


Anthropometric measurements. Baseline measures were recorded twice - first within 3 days of arrival to the recruit training camp (pre BT) and then upon completion of the four-month training program (post BT). Measurements included body weight, height, percent body fat, and body mass index (BMI). Percent body fat was estimated according to Durnin and Rahaman [12] from a 4-site skin fold thickness (biceps, triceps, subscapula, and suprailiac) using Lange skin fold. Body fat percentage was calculated according to Siri [13]. 


Laboratory tests – 1) Determination of anaerobic fitness using the Wingate test (WAnT) performed on a cycle ergometer, in an all-out 30-second cycling bout using the Bar-or protocol [14]. Resistance was proportional to 8.5% of body weight and each subject was measured for average anaerobic capacity over 30 sec (W/kg). 2) Lower extremity force and power, assessed using the Leonardo Ground Reaction Force Platform (GRFP) (Orthometrix, Inc., White Plains, NY) whereby each subject performed three jumps on two legs as high as possible. 


IDF-PT Test. The IDF's physical fitness test (IDF-PT) - a 3-part test consisting of a 2-km run (time) and the number of repetitive push-ups and sit-ups performed until exhaustion or until the subjects stop for more than 2 seconds. Each result from the three parts of the test was converted to a 100-point score according to a specific gender oriented scale, and consisted of: 70% for the 2-km run, 15% for the push-ups and 15% for the sit-ups. The passing score was set to 55 points out of the maximal possible 100 points according the IDF's regulations.
Statistical analysis
Repeated measures ANOVA was used in order to compare between sample means of the male and female groups pre and post BT (α<0.05). Fisher post hoc tests were used to further analyze significant interactions.  For the box plot analysis we used two-sample Kolmogorov-Smirnov test (KS) [15] in order to compare the results and to determine whether the two genders distributions differ in the fitness tests. 

The material and methods are presented in greater detail elsewhere [11].
RESULTS

Data analysis comparing the anthropometric measurements taken at recruitment of both the women and men revealed that, on average, females were 6.9% shorter, weighed 12.8% less, had 2.9% higher BMI, and their percent body fat was 64.4% higher than the males. During the 4-month BT, an average increase in body weight (0.7kg) was evident in the female group as depicted in Figure 1. BMI and percent body fat decreased by 0.8% and 3.5%, respectively (Figures 2-3). In the male group, there was a 5.9% decrease in body fat, but this was accompanied by an average decrease of 0.8kg in body weight and 1.4 kg/m2 in BMI. Upon completion of the training program, there was an increase in the body weight of the women, as well as a reduction in their body fat percentage. This combined to contribute to a 2.6% increase in lean body mass (LBM). There was no statistical significance to intra-gender anthropometric changes between pre and post BT. Although a decrease in percent body fat was noted in both groups, the differences between the genders increased from 64.4% to 73.6% (p<0.05).
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Figure 1: Body weight measurements (mean+SD) pre and post a 4-month basic
 training (BT) regimen taken from 109 females and 28 males.
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Figure 2: The BMI measurements (mean+SD) pre and post a 4-month basic
       training (BT) regimen taken from 109 females and 28 males.
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Figure 3: Body fat percentage (mean+SD) pre and post a 4-month basic 
             training regimen measured from 109 females and 28 males.
Table 1: Laboratory and PT test results (mean±SD) pre and post 4-month basic training regimen.

	
	Females

(n=108)
	Males

(n=28)
	Females/Males 
Diff. (%)†

	Phase

(in BT)
	pre
	post
	pre
	post
	pre
	post

	GRFP
Two-leg Force/kg (N/kg)
	46.1±9.2
	42.7±7.2
	49.9±12.9
	44.6±8.3
	-7.6
	-4.3

	WAnT

Average Power
(W/kg)
	4.85±0.90
	4.89±0.80
	6.79±0.90
	6.59±2.30
	-28.6+
	-25.8+

	PT 
(score)
	56.9±12.1
	71.9±15.2*
	55.2±10.1
	69.6±11.1*
	Not comparable§


*Denotes significance between pre and post BT, p<0.05

+Denotes significant gender differences, p<0.05

†Female/Male % Difference = (Female-Male)/Male x 100

§Not comparable since the PT scoring scales are gender oriented 

Based on the WAnT results, anaerobic ability did not improve throughout BT. While females maintained their anaerobic fitness, there was a decrease in male anaerobic fitness (although not statistically significant) by an average of 0.2W/kg. The differences in anaerobic fitness between females and males were 28% and 26%, pre and post BT, respectively (p<0.05) as shown in Figure 4. 
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Figure 4: Distribution of anaerobic average power (W/kg) results pre and post a 4-month
               basic training regimen measured from 109 females and 28 males (* p<0.0001). 

The boxes in the plot represent 50% of the subjects. In the boxes: mid-line= Median, bottom line= 1st quartile (Q1), upper line= 3rd quartile (Q3).


Figure 5: Distribution of the two-leg force (N/kg) results pre and post a 4-month 
        basic training regimen measured from 109 females and 28 males.

The boxes in the plot represent 50% of the subjects. In the boxes: mid-line= Median, bottom line= 1st quartile (Q1), upper line= 3rd quartile (Q3). The KS analysis presented in Figs. 4-6 is depicted by a box figure whereby the exterior lines represent the variable range between 0-100 percents, while the 25-75 percentiles are shown as a box. The dots in these figures symbolize individuals who are more than 2.5 SD away from the mean value. The asymptotic p value for the KS test was considered at 0.0001 level. Although not statistically significant, the lower extremity two-leg force production showed a tendency to decrease in both groups during BT, (49.9±12.9N/kg to 44.6±8.3N/kg in males and 46.1±9.2N/kg to 42.7±7.2N/kg in females) as shown in Table 1 and Figure 5. The slightly lower decrease in the women (8%) as compared to the men (11%) was also not statistically significant.
Analysis of the results of the IDF-PT, which consisted of sit ups, push ups, and a 2-km run, revealed that there was no significant difference in the final IDF-PT scores (Figure 6). To note, although there were significant differences between genders in the results of the push-ups and the 2-km run, the conversion of the different parts of the IDF-PT test into two gender-oriented point scales resulted in a lack of differences between males and females in the final IDF-PT score. However, at the beginning of BT, 40% of the males and 43.9% of their female counterparts failed to pass the IDF-PT test (under 55 points) whereas at the end of BT, only 19% of the males and 2.8% of the females failed the test.

Figure 6: Distribution of Lower extremity force (N/kg) results pre and post a 4-month basic training 
                 regimen measured from 109 females and 28 males.

DISCUSSION

This study further evaluated gender differences in physical fitness parameters before and after BT in an infantry battalion consisting of a gender integrated company based on a majority of 70% women. The Army Ground Forces Headquarters, according to the unit assignments, dictated this gender ratio in the battalion. The uniqueness of this unit, which requires equal participation in the same combat assignments under the same combat conditions for both men and women, enables the study of the differences in their physical capabilities.  The 4-month BT could not bridge these differences. 

The results presented in this study concur with those presented by the U.S. Army Research Institute for Behavioral and Social Sciences findings [16] and our previous report [11], both of which showed improvement in the physical abilities of female soldiers in comparison to their male counterparts of the same integrated unit. 

It appears obvious that physical fitness programs would more likely benefit the women since they initially have a lower aerobic capacity than men. In a previous study we showed that males had 22% higher aerobic fitness, 28.6% higher anaerobic fitness, and 13.1% higher upper extremity endurance than females [11]. Initial testing at the beginning of BT placed the top scoring females at the lower percentage of the males. For example, only 25% of the females scored equivalent to the lower 5% of their male counterparts in the VO2max test; the slowest male ran faster than 75% of the females in the IDF-PT test; and 90% of the females achieved a total score similar to the lower 5% of the males. Even though the differences between the males and females slightly lessened through the 4-month BT, this low overlapping remained throughout the training. However, the physical ability gaps in this unique unit were reduced since tasks were performed as an integrated unit according to each soldier's physical abilities.
Similar studies have shown that due to stronger physical abilities, males have a distinct physiological advantage over females [11, 17, 18]. Gender differences result not only from the basic physiological differences such as a higher body fat percentage of 64.4% in females, but also as a result of life styles before recruitment, where males are generally more physically active [19, 20].  

As a result of an insufficient anaerobic training program during the 4-month BT, gender differences in anaerobic measures, which narrowed by 3%, were not associated with the greater improvement in the women's abilities, but rather to a decrease in the anaerobic capability of the.
Improving fitness to meet the demands of military operations requires a training program built on known guidelines and principles, such as overload, specificity and variety [21]. The program must also be stimulating and challenging. In the specific battalion of this study, the physical demands for both male and female soldiers were equal. Therefore, since the fitness of the male soldiers was higher than the females at baseline, the female soldiers were more likely to benefit from the training. The training program itself was not strenuous or challenging enough for the male soldiers. Previous studies have also recorded this observation whereby the performance of female soldiers who trained in gender integrated units was greatly improved over the performance of female soldiers training in all female units [16].
In conclusion, basic physiological differences between genders were still evident even after a gender integrated training program, even though this program should generally improve most fitness elements in both male and female recruits. Females demonstrated marginally higher improvement in aerobic capacity. As mentioned in our previous study [11], only a small overlap in physical abilities was shown at the beginning of BT, indicating great differences in physical fitness between the genders. These results draw attention to three practical issues that require further investigation: 1) how to improve the pre-recruitment sorting process to better bridge the inherent physiological differences between the genders; 2) should a pre-BT course for females be instituted as a possible help in further narrowing gender differences in physical capacity; and 3) would an assignment dependent basic selection regime, independent of gender, be valuable in decreasing the physical fitness differences between the battalion's soldiers.
DISCLAIMER

The views and opinions expressed in this presentation are those of the author(s) and do not reflect official policy or position of the Department of the Army, Department of Defense, the U.S. Government, the Israeli Defense Forces Medical Corps, or the State of Israel.
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