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ABSTRACT 
International Journal of Exercise Science 7(2) : 140-151, 2014. Strength, when 
considering gender and race, provides a basis for training, hiring, and retention for police 
officers. The purpose of this study is to identify muscular strength differences among racial 
groups from initial-recruit to in-service tests. Strength variables included bench press, bench 
press/lean mass and bench press/body mass. Scores were retrieved for the 1990 to 1995 recruit 
classes and were paired to the 2006 in-service fitness log. Sample included 309 officers: 30 females 
(13 black, 17 white) and 279 males (41 black, 238 white).  Mean age of recruit was 24.6 ± 3.4 years 
and for in-service was 37.1 ± 3.7 years. Time between tests was 12.5 ± 2.0 years. Bench press 
strength significantly increased for all gender and racial groups. Black males were significantly 
stronger in bench press at initial-recruit and at in-service than white males. All racial and gender 
groups increased in bench press/lean mass, however, the increase in white females was not 
significant. No differences were found between black and white females in all strength variables 
at both testing periods. Black males were significantly stronger than white males in bench 
press/body mass only at the initial-recruit test. White males showed a significant increase in 
bench press/body mass over time, but they did not reach the strength level of the black males at 
in-service.  Police departments, with a properly designed physical fitness program, can expect to 
see increases in strength of personnel over the first half of their careers; however, there are 
gender and racial differences. 
 
KEY WORDS: Bench press, police, longitudinal study, body weight, race 
differences 
 

INTRODUCTION 
 
Muscular strength is a critical factor in the 
health and job performance of police 
officers.  Increased muscular strength is 
positively associated with health (21) and 
provides protective benefits against 
disability (6, 32) and chronic diseases such 
as heart disease (38), diabetes (29) and 

metabolic syndrome (43). Strength supports 
an officer’s ability to safely perform critical 
emergency functions (15, 36) while fulfilling 
the agency’s legal responsibility to deliver 
adequate protection to the public. Strength 
remains an important criterion in the 
selection and hiring of police officers, 
however legal ramifications exist as to the 
potential adverse impact upon the hiring of 
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legally protected groups such as females 
and minorities (8, 34, 36).   
 
Strength usually peaks between the ages of 
20 to 30 for males and a few years earlier 
for females and then decreases with age (1, 
41).  Previous studies regarding age related 
changes in muscular strength report an 
annual decline in muscle strength from 
approximately 0.8% to 5%, depending on 
gender, the muscle group and the type of 
work (2, 3, 38).  Gender differences are 
reported to be greater in upper body 
strength than in lower body strength (19, 
28).  Untrained females have been shown to 
have approximately 50 – 60% of the upper 
body strength of men (28, 36, 37). In 
addition, some data suggests that the rate 
of muscular strength decline differs 
between males and females (24, 33, 41).  A 
major contributor to the decrease in 
strength with aging is a loss in muscle 
cross-sectional area (12).        
 
The literature supports the need for 
ongoing physical fitness training for police 
officers as the occupation of police officers 
is primarily sedentary, though mentally 
challenging, with occasional periods of 
maximal exertion (39).  Furthermore, the 
physical demands of the occupation are 
often inadequate to maintain necessary 
physical fitness to perform the infrequent 
but possibly life-saving tasks (40).     
 
Understanding longitudinal strength 
changes over the employment duration of a 
police officer provides agencies with 
essential information to address health 
issues, the proper physical performance of 
duties and the potential legal ramifications 
of hiring and retention criteria (4). It is 
evident that collecting strength data on 
police officers from recruitment to in-

service status, especially when considering 
gender, race, and age would identify trends 
and provide data for designing effective 
training procedures and requirements. 
 
No police studies were found that 
examined race muscular strength changes 
within genders over time. Also, no studies 
were found that addressed longitudinal 
change in upper body strength related to 
the level of strength at hire. The 
information found regarding bench press or 
handgrip strength in relation to aging was 
located in normative tables developed from 
cross-sectional data (14, 26, 31, 42). Other 
authors also reported a lack of longitudinal 
strength data (35). 
 
METHODS 
 
Through a longitudinal design, this study 
sought to determine whether there were 
differences in muscular strength scores 
from the first week of recruit training to 
police officer tests approximately 12.5 years 
later and if there were gender and racial 
change differences.  Strength scores were 
comprised of bench press, bench press/lean 
mass and bench press/body mass. We 
planned to provide gender and racial 
strength mean scores with statistical 
comparisons for each of the testing periods. 
 
Participants 
The retrospectively studied sample 
included 327 police officers, 30 females (13 
black, 17 white) and 297 males (41 black, 
238 white, and 18 other) that participated in 
the recruit classes between 1990 and 1995.  
Officers that could not be classified as black 
or white were removed from the sample. 
Physical fitness test logs were obtained 
from the Charlotte-Mecklenburg Police 
Department, a large metropolitan police 
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department in the southeastern United 
States of America.  Ninety-nine percent of 
the in-service fitness tests were conducted 
between the years of 2003 to 2006.  Mean 
values with their standard deviations, SD, 
are provided in the text as mean + SD.  The 
average number of years between tests was 
12.5 + 2.0 years.  The mean age at initial-
recruit test was 24.6 + 3.4 years and for in-
service was 37.1 + 3.7 years.  There were no 
significant differences when comparing 
genders or races for age and time between 
the two tests.  Officers were primarily 
college-educated and their socio-economic 
status ranged from lower-middle to upper-
middle class.  The University of North 
Carolina at Wilmington Institutional 
Review Board approved this study 
following the United States National 
Institutes of Health guidelines concerning 
the rights of human subjects.  Participants 
signed a written informed consent form.  
Tests and measurements were required as a 
part of conditions of employment.  
 
Protocol 
Body mass, percent body fat scores, and 
bench press strength scores were retrieved 
for officers in the 1990 to 1995 recruit 
classes. Officers' recruit scores were paired 
to their most recent scores on the 2006 in-
service fitness log. Scores for officers in the 
recruit log that were not in the in-service 
log were discarded. 
 
Emphasis was placed on encouraging 
recruits to continue healthy exercise habits 
following completion of the 16-20 week 
recruit training.  The same physical fitness 
coordinator, certified by the American 
College of Sports Medicine (ACSM), 
administered tests over the study period.  
Sworn officers (in-service) received an 
annual fitness test.  An officer's physical 

capacity was a consideration at hiring, but 
the hiring protocol was inconsistent.  The 
physical fitness coordinator suggested 
nutritional and/or exercise programs for 
officers following evaluations and when 
requested.   
 
Included in the physical fitness test battery 
for recruits and sworn officers was body 
mass, percent body fat using a skinfold 
caliper (18) and a one repetition maximum 
(1RM) bench press test a measure of upper 
body muscular strength (30) using a Smith 
Bench Press Machine (Atlantis Angled 
Smith Machine E-155, Quebec, Canada).  
Tests were administered the first week of 
recruit training (initial-recruit test).  The 
physical fitness test battery was conducted 
in the following order for recruits: body fat 
(18), sit and reach flexibility (42), bench 
press (30), push-up, and 1.5 mile run (42).  
The testing protocol for the in-service 
officers was body fat (18), treadmill (13), 
bench press (30), muscular endurance 
(either curl-ups or push-ups) and sit and 
reach (42).  A rest was given between the 
treadmill test and the bench press test.  This 
investigation’s variables of interest, body 
mass, percent body fat, and the bench press 
test protocols, remained consistent over the 
time period of the study. 
 
Statistical Analysis 
The Statistical Package for Social Sciences 
(SPSS, Inc) version 15.0 was used to analyze 
data.   Paired sample t-tests compared 
mean differences between initial-recruit to 
in-service test for age, body mass, lean 
mass, bench press, bench press/lean mass, 
and bench press/body mass. Lean body 
mass was calculated with the following 
formula: Body Mass – (Body Mass x Body 
Fat percentage/100).  Analysis of variance 
(ANOVA) procedures compared gender 
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and race (black/white) in the amount of 
mean change from initial-recruit to in-
service tests in these same variables.  The p-
value used to define significance is p ≤ 0.05.  
        
RESULTS 
 
When all groups were combined bench 
press and bench press/lean mass 

significantly increased (p ≤ 0.001) over the 
12.5 year period, contrary to existing cross-
sectional literature. Overall, this was 
accompanied by increases in body mass, 
percent fat and lean mass (p ≤ 0.001). 
 
The descriptive characteristics of the 
officers by age, body mass, lean mass, 
segmented by gender and racial groups at 

Table 1a.  Police bench press strength of initial-recruit tests with gender and race comparisons over 12.5 1"
years. 2"

  
Initial-Recruit 

  
  

Female 
 

Male 
 

 
Race N 

Mea
n SD p-valueR   N Mean SD p-valueR p-valueG 

Age (yrs)  Black 13 24.9 3.7 
  

41 25.1 3.6 
    

 
White 17 23.9 2.5 

  
238 24.5 3.5 

    
     

0.399 
    

0.331 
   Total 30 24.3 3.1     279 24.6 3.5   0.626 

Body Mass 
(kg)  Black 13 59.3 7.9 

  
41 84.9 10.3 

  
 

White 17 57.8 6.6 
  

238 82.0 12.9 
  

     
0.570 

    
0.167 

   Total 30 58.4 7.1     279 82.4 12.6   0.000*** 
Percent Fat Black 13 19.8 4.4 

  
41 13.2 6.0 

  
 

White 17 20.5 5.0 
  

238 14.6 5.7 
  

     
0.859 

    
0.420 

 
 

Total 30 20.2 4.7 
  

279 14.4 5.8 
 

0.000*** 
Lean Mass 
(kg) Black 13 47.3 4.7 

  
41 73.6 9.4 

  
 

White 17 45.8 4.8 
  

238 69.6 8.7 
  

     
0.398 

    
0.007** 

   Total 30 46.4 4.7     279 70.2 8.9   0.000*** 
Bench Press 
(kg) Black 13 38.6 5.0 

  
41 95.1 24.6 

  
 

White 17 37.2 6.3 
  

238 84.2 21.2 
  

     
0.536 

    
0.003** 

   Total 30 37.8 5.7     279 85.8 22.0   0.000*** 
Bench Press/ 
Lean Mass Black 13 0.82 0.12 

  
41 1.28 0.28 

  
 

White 17 0.81 0.13 
  

238 1.21 0.24 
  

     
0.908 

    
0.059 

   Total 30 0.82 0.12     279 1.22 0.25   0.000*** 
Bench Press/ 
Body Mass Black 13 0.66 0.10 

  
41 1.12 0.27 

  
 

White 17 0.65 0.10 
  

238 1.03 0.23 
  

     
0.771 

    
0.037* 

   Total 30 0.65 0.10     279 1.05 0.24   0.000*** 
R = p-value to compare races     G = p-value to compare genders 3"
SD = Standard Deviation 4"
ANOVA comparisons between races and genders. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001 5"
 6"

 7"
 8"
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each testing periods can be found in Tables 
1a and 1b. ANOVA comparisons between 
genders and between racial groups within 
each testing period were made. There were 
significant differences between genders in 
both body mass and lean mass (p ≤ 0.001) 
with males being heavier at both testing 
periods.  No significant differences were 
found between black and white females in 
body mass, percent fat, and lean mass at 

either testing period. Black males had a 
significantly greater lean mass than white 
males at both testing periods (p ≤ 0.01). 
Furthermore, black males were also 
significantly (p ≤ 0.01) heavier in terms of 
body mass at the in-service testing period 
only. 
 
Table 2 compares body mass, lean mass, 
and percent fat changes of gender and race 

Table 1b.  Police bench press strength of in-service tests with gender and race comparisons over 12.5 1"
years. 2"

  
In-Service 

  
  

Female 
 

Male 
  

 
Race N 

Mea
n SD p-valueR   N Mean SD p-valueR p-valueG  

Age (yrs)  Black 13 37.5 3.2 
  

41 38.0 3.6 
    

 
White 17 36.6 3.6 

  
238 37.0 3.8 

    
     

0.495 
    

0.125 
    Total 30 37.0 3.4 

 
  279 37.1 3.8   0.770 

Body Mass 
(kg)  Black 13 68.5 11.8 

  
41 101.4 14.0 

  
 

White 17 64.0 5.0 
  

238 93.4 15.9 
  

     
0.168 

    
0.003** 

   Total 30 66.0 8.7 
 

  279 94.6 15.9   0.000*** 
Percent Fat Black 13 25.5 6.1 

  
41 19.8 5.8 

  
 

White 17 25.1 6.4 
  

238 19.0 5.9 
  

     
0.712 

    
0.157 

 
 

Total 30 25.3 6.1 
  

279 19.1 5.9 
 

0.000*** 
Lean Mass 
(kg) Black 13 50.5 5.9 

  
41 80.8 8.7 

  
 

White 17 47.8 4.8 
  

238 75.0 9.5 
  

     
0.188 

    
0.000*** 

   Total 30 49.0 5.4 
 

  279 75.9 9.6   0.000*** 
Bench Press 
(kg) Black 13 44.8 7.8 

  
41 109.5 20.3 

  
 

White 17 40.8 7.6 
  

238 97.4 20.7 
  

     
0.168 

    
0.001*** 

   Total 30 42.6 7.8 
 

  279 99.2 21.0   0.000*** 
Bench Press/ 
Lean Mass Black 13 0.89 0.10 

  
41 1.35 0.20 

   
 

White 17 0.85 0.13 
  

238 1.30 0.21 
   

     
0.450 

    
0.128 

    Total 30 0.87 0.12 
 

  279 1.31 0.21   0.000*** 
Bench Press/ 
Body Mass Black 13 0.66 0.10 

  
41 1.09 0.20 

  
 

White 17 0.64 0.11 
  

238 1.06 0.22 
  

     
0.557 

    
0.363 

   Total 30 0.65 0.10     279 1.06 0.22   0.000*** 
R = p-value to compare races     G = p-value to compare genders 3"
SD = Standard Deviation 4"
ANOVA comparisons between races and genders. **p ≤ 0.01, ***p ≤ 0.001 5"
 6"
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groups of police from initial-recruit to in-
service.  Paired sample T-tests indicate 
significant increase from initial-recruit to 
in-service tests in all gender and racial 
groups in body mass, lean mass and 
percent fat (p ≤ 0.01). Compared to white 
males, black males increased significantly 
more in body mass (p ≤ 0.01), percent fat (p 
≤ 0.01), and lean mass (p ≤ 0.05), Males 
increased significantly more in body mass 
(p ≤ 0.01) and lean mass (p ≤ 0.001) than 
females over the 12.5 year period. 
 
Figure 1 compares the bench press scores 
by gender and race from initial-recruit to 
in-service over 12.5 years. Bench press 
strength significantly increased (p ≤ 0.05) 
for all gender and racial groups from 

initial-recruit to in-service tests. No 
differences were found between black and 
white females in bench press strength at 
either testing period. Black males had a 
significantly (p ≤ 0.01) greater bench press 
strength than white males at both testing 
periods. However, the amount of change 
between races in bench press strength was 
not significant. Males were significantly 
stronger than females at both testing 
periods (p ≤ 0.001). Males changed 
significantly more than females from initial-
recruit to in-service tests (p ≤ 0.001). 
 
Figure 2 compares bench press/lean mass 
and bench press/body mass of gender and 
race groups of police from initial-recruit to 
in-service tests over 12.5 years.  Focusing on 

Table 2. Comparison of body mass, lean body mass, and percent fat changes of gender and race groups of 1"
police from initial-recruit to in-service over 12.5 years 2"

 
Female 

 
Male   

  Race N 
Mea

n SD p-valueR   N Mean SD p-valueR p-valueG 
Body Mass 
Change (kg) 

Black 13 9.2 6.7 
  

 
 

41 

 
 

16.5 

 
 

8.9 
  

 
White 17 6.2 5.5 

  
246 11.7 9.1 

    
   

0.194 
    

0.002** 
   Total 30 7.5 6.1 

  
287 12.3 9.2 

 
0.006** 

Lean Mass 
Change (kg) Black 13 3.2 3.5 

  

 
41 

 
7.2 

 
5.5 

  
 

White 17 2.0 2.7 
  

246 5.4 4.7 
  

     
0.318 

    
0.029* 

   Total 30 2.5 3.1 
  

287 5.7 4.9 
 

0.001*** 
Percent Fat 
Change Black 13 5.7 3.2 

  

 
41 

 
6.6 

 
4.8 

   White 17 4.6 5.1 
  

245 4.5 4.8 
  

     
0.511 

    
0.010** 

   Total 30 5.1 4.3 
  

286 4.8 4.8 
 

0.760 
R = p-value to compare races     G = p-value to compare genders  3"
SD = Standard Deviation 4"
ANOVA comparisons between races and genders. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001 5"
Paired sample T-tests indicate significant increase from initial-recruit to in-service tests in all gender and 6"
racial groups in body mass, lean mass and percent fat (p ≤ 0.01). 7"
 8"
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bench press/lean mass strength, with the 
exception of white females the racial and 
gender groups significantly increased over 
time (p ≤ 0.05).  The bench press/body 
mass slopes in Figure 2 suggest very little 
difference in the amount of change over the 
12.5 years in bench press/lean mass 
between black and white females and 
between black and white males. 
 

 
Figure 1.  Comparison of bench press gender and 
race groups of police from initial-recruit to in-service 
over 12.5 years (mean ± standard deviation). Paired-
sample T test comparison between initial-recruit and 
in-service: *p ≤ 0.05; ***p ≤ 0.001. Black males were 
significantly stronger than white males at both 
testing periods (p ≤ 0.01). Males increased 
significantly more than females from initial-recruit 
to in-service test (p ≤ 0.001). 
 
Additional ANOVA comparisons between 
gender and race indicated both black and 
white males were significantly stronger in 
bench press/lean mass and bench 
press/body mass than black and white 
females at both testing periods (p ≤ 0.001).  
However, no differences were found 
between black and white females in these 
strength variables at either testing period. 
 
When focusing on bench press/body mass 
in Figure 2, although black males were 
significantly (p ≤ 0.05) stronger than white 
males as recruits, blacks tended to decrease 
in this strength variable over the 12.5 year 
period. Conversely, the white males 

significantly (p ≤ 0.05) increased in bench 
press/body mass strength over time while 
both black and white females maintained 
their bench press/body mass strength over 
time. 

 
Figure 2. Comparison of bench press/lean mass and 
bench press/body mass of gender and race groups 
of police from initial-recruit to in-service over 12.5 
years (mean ± standard deviation). Paired-sample T 
test comparison between initial-recruit and in-
service: *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001.  Black 
males were significantly stronger in bench 
press/body mass than white males at initial recruit 
(p ≤ 0.05). 
 
DISCUSSION 
 
The results of this study did not follow 
expected strength trends, as described in 
earlier studies, which reported plateaus in 
young adults (26) and annual declines in 
muscular strength in males and females (38, 
39, 41). Overall, the officers in our study 
increased in strength well into their late 
thirties and early forties.  This longitudinal 
data on police officer strength is unique in 
the literature, to our knowledge, as the 
research found previously in regards to 
bench press strength was cross-sectional 
(31, 42) and none was located regarding 
bench press strength and police specifically. 
 
Our study found that female police officers 
had approximately 44% of the upper body 
strength of the male officers.  This trend 
was slightly lower than the 50-60% 
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reported by others (28, 36, 37).  Although, 
the literature reports a difference in 
muscular decline between males and 
females (24, 33, 41), our study showed 
strength increases in both genders.  The 
female strength increase was approximately 
42% of the males’ over the 12.5 year period. 
It is interesting to note that the initial 
strength difference between males and 
females paralleled their differences in 
strength increase over time. The fact that 
males gained significantly more lean mass 
than females may account for these 
differences as well, which would be 
supported in previous research related to 
strength per unit of muscle cross-sectional 
area (17). These differences in strength 
indicate that there will be an adverse 
impact on females in employment tests that 
use bench press scores as a qualifying 
standard for police work. Furthermore, 
departments can expect that the increases is 
upper body strength will be significantly 
greater in males and this may be dictated 
by the greater lean mass in the males.  It has 
been reported in short-term fitness training 
studies that untrained individuals who are 
low in strength can have greater potential 
for strength gain than those who are 
already closer to their maximum strength 
potential (9, 10, 16).  Our 12.5 year 
longitudinal findings did not follow these 
same trends. Even though the black males 
were stronger in their bench press scores as 
a recruit, the black males continued to have 
gains similar to white males.   
 
Another study, utilizing this same police 
officer data but beginning at post-recruit 
training, demonstrated similar strength 
gains after recruit training (5).  This 
indicated that the reported gains in our 
study were not simply the result of recruit 
training but had been influenced by other 

factors.  Some factors may have included 
the department’s ongoing fitness program 
as well as the officers’ own maturing 
process and increases in lean weight.  
 
The literature suggests that increases in 
body mass correspond with increases in 
lean mass by as much as 44% (11). The 
officers in this study gained a significant 
amount of body mass and correspondingly, 
a significant amount of lean mass. Lean 
mass is associated with increases in 
strength (11, 25, 27). Therefore, we would 
expect to see an increase in absolute bench 
press strength related to lean mass gain 
alone. However, the strength gains were 
negated when dividing the body mass of 
the officers into their bench press scores. 
This pattern was not seen in the black 
males, where they actually decreased in the 
bench press/body mass ratio. Even though 
the bench press/body mass measure did 
not increase over the 12.5 years for black 
males, it also did not decline as indicated in 
cross-sectional research (42). 
 
It is interesting to note, that the black males 
had the greatest body mass gain which also 
corresponded to a loss in bench press/body 
mass. The significantly higher percent fat 
change in black males may explain, at least 
in part, this decrease. Even with this loss in 
bench press/body mass, black males still 
demonstrated greater bench press/body 
mass strength scores than white males, 
although this difference was not significant. 
This corresponds to a previous work on this 
group of officers where the stronger officers 
continued to have the greatest strength over 
time when compared to those with less 
strength (5). 
 
Between black and white females, there 
were no significant differences in bench 
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press/body mass scores.  This is notable 
when considering findings in the literature 
that reported black females had greater 
weight gain than all other groups with a 
magnitude of approximately 1.5 to 2.5 times 
that of white females in non-police studies 
(7, 22, 23).  In our study, black and white 
females had similar body mass gains which 
resulted in comparable bench press/body 
mass outcomes.  This is contrary to 
population studies that have compared 
body mass gain patterns of black and white 
females while controlling for multiple 
demographic, social, and behavioral 
variables (20, 23). Therefore, the selection 
criteria of this police department, which 
included physical performance and 
education standards as well as similar 
physical demands within the police 
occupation, may have counteracted general 
population trends in regards to body mass 
gain in the black female officers. 
 
Further longitudinal study is needed 
regarding the actual physical performance 
of police officer job functions as opposed to 
documenting a single strength measure.  
Also, this study examined approximately 
the first decade of a police officer’s career.  
Similar groups of officers need to be 
studied for the second decade of their 
career in order to evaluate the protective 
benefits of strength against disability and 
chronic disease as well as the ability of the 
officer to safely perform critical emergency 
functions. 
 
Through a longitudinal design, this study 
sought to determine whether there were 
differences in muscular strength scores 
from the first week of recruit training to 
police officer tests approximately 12.5 years 
later and if there were gender and racial 
change differences.  The findings suggested 

that there were very little differences in the 
change in strength between the blacks and 
whites. However, the black males were 
stronger in the bench press than the white 
males over the first decade.  Little racial 
differences were noted within females.  
Both black and white males increased more 
in bench press strength over the first 
decade than the females. The amount and 
increase in lean weight over the first decade 
seems to play a major role in these 
differences.  Also, the strongest groups at 
hire remained the strongest over the first 
decade. 
 
In terms of legal and hiring considerations: 
Although the main target was to report the 
bench press strength characteristics of 
officers over time it reinforces the need for 
physical performance standards at the time 
of hire.  Those strongest groups in bench 
press remained the strongest. Also, it 
reemphasizes that an upper body strength 
test such as a bench press will have little 
adverse impact on blacks, a racially 
protected group.  However, it will have 
adverse impact on female recruit and 
incumbent officers, a gender protected 
group, no matter if they are black or white.  
This further supports the need for hiring 
standards to be based on bona fide 
occupational demands of the police 
department especially if females are to be 
considered for hire. 
 
It is important to reflect on this work as a 
case study of the Charlotte-Mecklenburg 
Police Department that has housed an on-
going physical fitness program in recruit 
training and for its incumbent officers since 
1980.  The central implication is that a 
police department with a properly 
designed and implemented physical fitness 
program can expect to see increases in the 
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strength of their personnel over the first 
decade of their careers. This suggests there 
are positive benefits to be gained from 
maintaining ongoing fitness training and 
testing even though there is no on-duty 
physical training for the in-service police 
officers. 
 
ACKNOWLEDGEMENTS 
 
Thank you to the Charlotte Mecklenburg 
Police Department for their on going 
support of fitness of their officers and for 
providing the data. 
 
REFERENCES 
 
1.  Astrand, P, Rodahl, K, Dahl, HA, and Stromme, 
SB. Textbook of work physiology: physiological 
bases of exercise. Human Kinetics, Champaign, IL: 
2003. 
 
2.  Backman, E, Johansson, V, Hager, B, Sjoblom, P, 
and Henriksson, KG. Isometric muscle strength and 
muscular endurance in normal persons aged 
between 17 and 70 years. Scand J Rehabil Med 
27:109-17, 1995. 
 
3.  Bassey, EJ. Longitudinal changes in selected 
physical capabilities: muscle strength, flexibility and 
body size. Age Ageing 27 Suppl 3:12-6, 1998. 
 
4.  Boyce, R. Designing public safety physical fitness 
programs: Legal and practical perspectives. Part I  
Police Law Journal:1-5, 1989a. 
 
5.  Boyce, RW, Jones, GR, Schendt, KE, Lloyd, CL, 
and Boone, EL. Longitudinal changes in strength of 
police officers with gender comparisons. J Strength 
Cond Res 23:2411-8, 2009. 
 
6.  Brill, PA, Macera, CA, Davis, DR, Blair, SN, and 
Gordon, N. Muscular strength and physical 
function. Med Sci Sports Exerc 32:412-6, 2000. 
 
7.  Burke, GL, and Bild, DE. Differences in weight 
gain in relation to race, gender, age and education in 
young adults: The CARDIA study. Ethnicity & 
Health 1:327-335, 1996. 
 

8.  Cathcart, DA. The Civil Rights Act of 1991. 
American Law Institute-American Bar Association 
Committee on Continuing Professional Education, 
Philadelphia, Pa.: 1993. 
 
9.  DeVries, H, and Housh, T. Physiology of exercise 
for physical education, athletics, and exercise 
science. WCB Brown & Benchmark, Madison, WI: 
1994. 
 
10.  Fleck, S, and Kraemer, W. Designing resistance 
training programs. Human Kinetics, Champaign, IL: 
2004. 
 
11.  Forbes, GB, Brown, MR, Welle, SL, and Lipinski, 
BA. Deliberate overfeeding in women and men: 
energy cost and composition of the weight gain. Br J 
Nutr 56:1-9, 1986. 
 
12.  Frontera, WR, Hughes, VA, Fielding, RA, 
Fiatarone, MA, Evans, WJ, and Roubenoff, R. Aging 
of skeletal muscle: a 12-yr longitudinal study. J Appl 
Physiol 88:1321-6, 2000. 
 
13.  Gerkin, R, Kelley, P, and Perry, R. Phoenix Fire 
Department Medical Center. Correlation of VO2 
max during Maximal Treadmill Stress Testing with 
VO2 at 85% Predicted Maximal Heart Rate:  A 
Retrospective Review of the Phoenix Fire 
Department (“Gerkin”) Treadmill Protocol Phoenix, 
Arizona: 1997, pp. 1-4. 
 
14.  Hanten, WP, Chen, WY, Austin, AA, Brooks, RE, 
Carter, HC, Law, CA, Morgan, MK, Sanders, DJ, 
Swan, CA, and Vanderslice, AL. Maximum grip 
strength in normal subjects from 20 to 64 years of 
age. J Hand Ther 12:193-200, 1999. 
 
15.  Henderson, ND, Berry, MW, and Matic, T. Field 
measures of strength and fitness predict firefighter 
performance on physically demanding tasks. 
Personnel Psychology 60:431-473, 2007. 
 
16.  Hettinger, T. Physiology of strength. Charles C. 
Thomas, Springfield, IL: 1961. 
 
17.  Ikai, M, and Fukunaga, T. Calculation of muscle 
strength per unit cross-sectional area of human 
muscle by means of ultrasonic measurement. Int Z 
Angew Physiol 26:26-32, 1968. 
 



RACIAL STRENGTH COMPARISONS IN POLICE 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
150 

18.  Jackson, AS, and Pollock, ML. Generalized 
equations for predicting body density of men. Br J 
Nutr 40:497-504, 1978. 
 
19.  Janssen, I, Heymsfield, SB, Wang, ZM, and Ross, 
R. Skeletal muscle mass and distribution in 468 men 
and women aged 18-88 yr. J Appl Physiol 89:81-8, 
2000. 
 
20.  Kahn, HS, Williamson, DF, and Stevens, JA. 
Race and weight change in US women: the roles of 
socioeconomic and marital status. Am J Public 
Health 81:319-23, 1991. 
 
21.  Kell, RT, Bell, G, and Quinney, A. 
Musculoskeletal fitness, health outcomes and quality 
of life. Sports Med 31:863-73, 2001. 
 
22.  Khoury, P, Morrison, J, Mellies, M, and Glueck, 
C. Weight change since age 18 years in 30- to 55-
year-old whites and blacks. Associations with lipid 
values, lipoprotein levels, and blood pressure. 
JAMA 250:3179-87, 1983. 
 
23.  Lewis, CE, Smith, DE, Wallace, DD, Williams, 
OD, Bild, DE, and Jacobs, DR, Jr. Seven-year trends 
in body weight and associations with lifestyle and 
behavioral characteristics in black and white young 
adults: the CARDIA study. Am J Public Health 
87:635-42, 1997. 
 
24.  Lindle, RS, Metter, EJ, Lynch, NA, Fleg, JL, 
Fozard, JL, Tobin, J, Roy, TA, and Hurley, BF. Age 
and gender comparisons of muscle strength in 654 
women and men aged 20-93 yr. J Appl Physiol 
83:1581-7, 1997. 
 
25.  Mannion, AF, Adams, MA, Cooper, RG, and 
Dolan, P. Prediction of maximal back muscle 
strength from indices of body mass and fat-free 
body mass. Rheumatology (Oxford) 38:652-5, 1999. 
 
26.  Massy-Westropp, NM, Gill, TK, Taylor, AW, 
Bohannon, RW, and Hill, CL. Hand Grip Strength: 
age and gender stratified normative data in a 
population-based study. BMC Res Notes 4:127, 2011. 
 
27.  Maughan, RJ, Watson, JS, and Weir, J. Strength 
and cross-sectional area of human skeletal muscle. J 
Physiol 338:37-49, 1983. 
 
28.  Miller, AE, MacDougall, JD, Tarnopolsky, MA, 
and Sale, DG. Gender differences in strength and 

muscle fiber characteristics. Eur J Appl Physiol 
Occup Physiol 66:254-62, 1993. 
 
29.  Miller, WJ, Sherman, WM, and Ivy, JL. Effect of 
strength training on glucose tolerance and post-
glucose insulin response. Med Sci Sports Exerc 
16:539-43, 1984. 
 
30.  Pollock, ML, Wilmore, JH, and Fox, SM. Health 
and fitness through physical activity. Wiley, New 
York: 1978. 
 
31.  Price, CS, Pollock, ML, Gettman, LR, and Kent, 
DA. Physical fitness programs for law enforcement 
officers : a manual for police administrators. 
National Institute of Law Enforcement and Criminal 
Justice, Law Enforcement Assistance 
Administration, U.S. Dept. of Justice : For sale by the 
Supt. of Docs., [Washington]: 1978. 
 
32.  Rantanen, T, Guralnik, JM, Foley, D, Masaki, K, 
Leveille, S, Curb, JD, and White, L. Midlife hand 
grip strength as a predictor of old age disability. 
Jama 281:558-60, 1999. 
 
33.  Samson, MM, Meeuwsen, IB, Crowe, A, 
Dessens, JA, Duursma, SA, and Verhaar, HJ. 
Relationships between physical performance 
measures, age, height and body weight in healthy 
adults. Age Ageing 29:235-42, 2000. 
 
34.  Sarno, MM. Issues in the third circuit: 
Employeers who implement pre-employment tests 
to screen their applicants, beware (or not?): An 
analysis of Lanning v. Southeastern Pennsylvania 
Transportation Authority and the business necessity 
defence as applied in Third Circuit employment 
discrimination cases. Villanova Law Review 48:1403-
1428, 2003. 
 
35.  Savinainen, M, Nygard, CH, Korhonen, O, and 
Ilmarinen, J. Changes in physical capacity among 
middle-aged municipal employees over 16 years. 
Exp Aging Res 30:1-22, 2004. 
 
36.  Sharkey, B, and Davis, P. Hard Work:  Defining 
physical work performance requirements. Human 
Kinetics, Champaign, IL: 2008. 
 
37.  Sharp, M. Physical fitness and occupational 
performance of women in the U.S. Army. Work 4:80-
92, 1994. 
 



RACIAL STRENGTH COMPARISONS IN POLICE 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
151 

38.  Shephard, RJ. Age and physical work capacity. 
Exp Aging Res 25:331-43, 1999. 
 
39.  Sorensen, L, Smolander, J, Louhevaara, V, 
Korhonen, O, and Oja, P. Physical activity, fitness 
and body composition of Finnish police officers: a 
15-year follow-up study. Occup Med (Lond) 50:3-10, 
2000. 
 
40.  Stamford, BA, Weltman, A, Moffatt, RJ, and 
Fulco, C. Status of police officers with regard to 
selected cardio-respiratory and body compositional 
fitness variables. Med Sci Sports 10:294-7, 1978. 
 
41.  Vianna, LC, Oliveira, RB, and Araujo, CG. Age-
related decline in handgrip strength differs 
according to gender. J Strength Cond Res 21:1310-4, 
2007. 
 
42.  Whaley, MH, Brubaker, PH, Otto, RM, and 
Armstrong, LE. ACSM's guidelines for exercise 
testing and prescription. Lippincott Williams & 
Wilkins, Philadelphia, Pa.: 2006. 
 
43.  Wijndaele, K, Duvigneaud, N, Matton, L, 
Duquet, W, Thomis, M, Beunen, G, Lefevre, J, and 
Philippaerts, RM. Muscular strength, aerobic fitness, 
and metabolic syndrome risk in Flemish adults. Med 
Sci Sports Exerc 39:233-40, 2007. 


