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Musculoskeletal injuries represent an adverse event of strenuous physical 
activity. The aim of the present study was to identify pretraining factors 
that may predispose to such injuries. Risks of injury according to age, 
body composition, previous physical activity, physical fitness, use of 
smokeless tobacco (moist snuff) and smoking habits were determined in 
a population of 480 male conscripts in the army. Data were obtained by 
questionnaire, height and weight measurements, and from a 3000-metre 
run test prior to a 10-week period of basic military and physical training. 
Injuries were registered by doctors attached to the training camp. Every 
fourth conscript sustained one or more musculoskeletal injuries during 
the training period. Low back pain, overuse knee injuries, Achilles tendin- 
itis, and sprains of joint capsules or ligaments were the most frequent diag- 
nosis groups. Subjects aged 22 years and more, the least active persons 
before call-up, those who thought they were less fit than the average, the 
slowest one-third in the 3000-metre run test, smokers of more than 10 
cigarettes a day, and snuff-takers suffered more injuries according to 
univariate analyses. Multiple logistic regression analysis showed that age, 
self-assessed physical fitness and snuff-taking were mutually independent 
risk factors of high statistical significance. 

Benefits of physical activity, such as improved car- 
diorespiratory and muscular fitness (1) and decreased 
morbidity and mortality (2, 3), are firmly established. 
On the other hand, musculoskeletal injuries occur fre- 
quently in connection with physical activity (4, 5) ,  
showing that physical activity also entails health risks 
and potential loss of productivity. Knowledge of risk 
factors is essential to the injury prevention. 

The amount of training is the best documented risk 
factor where injuries among recreational or competi- 
tive runners are concerned (6, 7). There is also con- 
sistent epidemiological support for a greater risk of 
future injuries associated with previous running in- 
jury, while several postulated risk factors have either 
not been identified on multivariate analysis or the re- 
sults of different studies have been conflicting (6-8). 
In military populations of recruits doing basic train- 
ing, it is normal for women to sustain more injuries 
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than men (9-ll), and for individuals who have had 
low levels of physical activity before call-up to sustain 
more injuries than the recently more active ones (9, 
12, 13). With reference to military research there is 
also some evidence for the inclusion of low running 
capacity (9, 13, 14) and a high body mass index (9, 
11, 14) as injury risk factors. It is suggested that the 
uniformity and consistency of military recruit train- 
ing provide natural controls for selection bias due to 
individual modifications in the character of physical 
activity, and for confounding associations between 
physical training and other potential injury risk fac- 
tors (7, 8). Nevertheless, the evidence for the aetiolo- 
gical role of several postulated risk factors is still in- 
conclusive where injuries among military recruits are 
concerned. Thus, age is positively related to the inci- 
dence of injuries in two studies (13, 14), but not in 
another (1 1). In one study the previous participation 
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point scale (1 =much less active, 3=average, 5=much 
more active). A question similar to this one was vali- 
dated by Washburn et al. (20), suggesting that self- 
assessment may provide useful indices of physical ac- 
tivity for epidemiological research. Individuals were 
also asked to estimate for how many hours per week 
on average they had been engaged in some form of 
physical activity at school, work or in their spare time 
during the past year. Physical activity was defined as 
any bodily movement caused by the contraction of 
skeletal muscles so much that it resulted in a notice- 
able increase in ventilation, heart rate or heat produc- 
tion (sweat). The recruits were also asked whether in 
their spare time during the past year they had en- 
gaged in competitive sport, had taken exercise repeti- 
tively for pleasure or to keep fit (without going in for 
competitive sport), or engaged in no regular athletic 
activities or exercise at all. Individuals were also 
asked how they would describe their physical fitness 
level compared to that of other men of the same age. 
Here, too, a 5-point scale was used (1 =much poorer, 
3=average, 5=much better). Physical fitness was de- 
fined as the ability to perform physically demanding 
tasks such as fast pace walking uphill, riding a bicycle 
uphill and running. The recruits were asked whether 
they had smoked, and if so how many cigarettes per 
day on average they had smoked during the last 
month before call-up. Finally they were asked 
whether they were using moist snuff regularly (usually 
every day). The completion rate for individual ques- 
tions was 99-100%. 

in competitive sport is associated with fewer injuries 
(l l) ,  but this is not confirmed in a couple of others 
(9, 13). Smoking is found to be a risk factor in one 
study (13), but not in another (1 1). 

Studies regarding the role of smokeless tobacco use 
upon injury risk, on the other hand, have to our 
knowledge not been available. Smokeless tobacco has 
gained high popularity in some sports milieus. 
Among young Norwegian men, regular use of moist 
snuff is positively correlated with physical activity 
(1 5); and in the USA, a high prevalence of smokeless 
tobacco use has been reported in professional base- 
ball players (16) and varsity athletes (17). 

The primary purpose of this study was to docu- 
ment the impact of past physical activity, current fit- 
ness, and lifestyle on the risks for musculoskeletal in- 
juries in a population of Norwegian conscripts un- 
dergoing basic infantry training. Basic training 
includes regular physical activity (1 8); musculo- 
skeletal injuries occur frequently (1 9); and a wide 
range in the distribution of individual qualifications 
was expected. Risk factors of interest included pre- 
vious physical activity and sports participation, 
physical fitness, age, body composition, smoking and 
the use of moist snuff. (Use of other smokeless to- 
bacco products, i.e. chewing tobacco, is negligible in 
Norway, particularly among young people (National 
Council on Tobacco and Health, personal communi- 
cation).) 

Material and methods 
Study population 

Conscripts beginning a 10-week period of basic train- 
ing at an army training camp (Sessvollmoen, January 
1991) were asked to participate in the study. Of 558 
recruits, 480 volunteered and completed a ques- 
tionnaire about their physical fitness and previous 
lifestyle. The sample consisted of male recruits from 
19 to 28 years of age (median 21, 94% within the 20- 
22 age range). Height and weight measurements were 
obtained prior to the training, and body mass index 
(BMI) was calculated as weight . height-*. A 3000-m 
run test was carried out by 449 of the subjects (94%) 
in the sample at the beginning of the training period. 
According to the dates of entry and transfer of each 
serviceman, the total time at risk was 1130 con- 
scripts-months. The study was approved by the local 
ethics committee. 

Questionnaire 
The questionnaire was completed by every recruit in 
the presence and with the advice of an instructor. The 
recruits were asked to describe their levels of physical 
activity over the past 2 years compared to those of 
other men of the same age. Assessments were on a 5- 

Physical activity 
The training programme included 4 hours a week of 
basic physical training. In addition, the conscripts 
carried out 1 hour per week of march training, 2 
hours per week of infantry running, 3 hours per week 
of close order drill and 3 4  hours per week of open 
order and battle technique. 

Registration of injuries 

Injuries were registered as they occurred by doctors 
attached to the training camp. An injury was defined 
as a pain, inflammation or functional disorder which 
(a) involved the musculoskeletal or soft tissues; (b) 
was serious enough for the conscript to seek and ob- 
tain a medical consultation; and (c) could have oc- 
curred entirely or in part as a consequence of an ex- 
ternal trauma or strain sustained during the period 
of basic training. For every consultation concerning 
an injury, the doctor entered the date, whether the 
injury had been registered previously, the diagnosis 
and anatomical site and the tentative aetiology. The 
assessment of cause formed the basis of defining a 
subgroup of injuries that in the doctor’s opinion was 
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Table 1. Relative risks (RR) of musculoskeletal injuries with 95% confidence intervals (CI) according to univariate analyses for age, body mass index, 
previous physical activity, fitness and lifestyle variables 

Risk factor n Injuries per 100 RR 95% CI f-value 
(Yo Of 480) recruit-months 

Age (years) 
19-20 
21 
22-28 

BMI (kg . m-*) 
LOW (17.41-21.35 
Middle (21.37-23.58) 
High (23.59-33.88) 

Past activity 
More active 
Average 
Less active 

>I  0 
3-1 0 
0-2 

Competitive sport 
Sport for exercise 
No sport 

More fit 
Average 
Less fit 

Initial 3000-m run (min:sec) 
Fast (1 0:23-13:l 7) 
Middle (13:18-14:45) 

Smoking (cigarettes . d-I) 

Weekly hours of past activity 

Sport participation 

Self-assessed physical fitness 

Slow (14:46-23:14) 

0 
1-10 
>I0 

No 
Yes 

Snuff-dipping 

228 (47) 
181 (38) 
71 (15) 

160 (33) 
160 (33) 
159 (33) 

170 (35) 
183 (38) 
126 (26) 

111 (23) 
250 (52) 
114 (24) 

125 (26) 
196 (41) 
154 (32) 

114 (24) 
270 (56) 
93 (19) 

150 (31) 
150 (31) 
149 (31) 

235 (49) 
104 (22) 
141 (29) 

404 (84) 
72 (15) 

10.4 
12.2 
19.7 

15.3 
9.5 

12.4 

9.9 
12.1 
16.7 

10.7 
12.7 
13.9 

11.5 
11.3 
15.0 

8.2 
11.6 
20.9 

9.4 
9.4 

13.9 

10.7 
11.4 
16.3 

11.1 
19.5 

1 .oo 
1.17 
1.89 

1.60 
1 .oo 
1.30 

1 .oo 
1.22 
1.69 

1 .oo 
1.19 
1.31 

1 .oo 
0.98 
1.31 

1 .oo 
1.41 
2.56 

1 .oo 
1 .oo 
1.49 

1 .oo 
1.07 
1.53 

1 .oo 
1.75 

0.69-1.45 
0.80-1.70 
1.23-2.91 

1.06-2.43 
0.63-1.59 
0.85-2.01 

0.65-1.55 
0.81-1.84 
1.11-2.56 

0.59-1.69 
0.77-1.84 
0.80-2.13 

0.62-1.61 
0.64-1.51 
0.85-2.01 

0.55-1.81 
0.88-2.28 
1.54-4.27 

0.62-1.62 
0.62-1.62 
0.96-2.31 

0.70-1.43 
0.68-1.68 
1.06-2.21 

0.76-1.31 
1 .I 8-2.58 

- 
NS 

<0.01* 

<0.05 

NS 
* *  - 

- 
NS 

<0.05** 

- 
NS 
NS 

- 
NS 
NS 

- 
NS 

<0.01* 

- 
NS 
NS** 

- 
NS 

<0.05** 

- 

<0.01 

f-values pertain to a two-sample comparison of injury risk between the respective risk group and a reference group (RR=1.00). 

* *  Significantly different (also) when compared with the other groups combined ( f<0.05) .  
* Significantly different also when compared with each of the other groups ( k 0 . 0 5 ) .  

causally related directly to organized service activi- 
ties, thereby making an alternative to the more com- 
prehensive definition that included all injuries in 
which strain could have been a contributing factor. 
In the event of more than one consultation for the 
same injury, the injury was only counted once. 

Analysis of data 
The distribution of the answers to the questions 
about previous physical activity and self-assessments 
of physical fitness showed very few responders choos- 
ing the most extreme alternatives. For both ques- 
tions, therefore, the two alternatives on either side of 
the average group were merged. Risk groups accord- 

ing to continuous variables (height, weight, BMI, and 
run time) were formed by ranking the recruits accord- 
ing to their measurements and dividing them con- 
secutively into three equally large groups (tertiles). 

Incidence rates were expressed as injuries per 100 
conscript-months. Relative risks with 95% confidence 
intervals were calculated using injuries per subject 
and time at risk, assuming a model with constant in- 
tensity of injuries (21). Statistical comparisons be- 
tween groups were made using a chi-square test based 
on the same model (21). A corresponding chi-square 
test for trend (21) was used to examine the associ- 
ation between cigarette consumption (numbers of 
cigarettes) and the risk of injury. 

In addition, logistic regression analysis was carried 
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the others (multivariate analysis). The logistic re- 
gression analysis was based on the linear log odds 
ratio model: log(odds ratio)=a+blxl +b2x2+..+bpxp 
The antilogarithm of the regression coefficient bl is 
the estimated odds ratio of factor xl, adjusted for the 
variables x2...xp Odds ratio is the odds of an event 
for a group of people (injuried versus non-injuried) 
with a high level of a risk factor divided by the same 
odds for the group of people with a low level of that 
risk factor. Variables were alternately put in and out 
of the model to study adjustment effects. The same 
variables, with the same division into risk groups as 
in the univariate analyses, were used. Finally, step- 
wise multiple logistic regression analysis with back- 
ward elimination was carried out to obtain the statis- 
tically most powerful set of independent variables. 
Limits for removal and re-entry were set at P=O.lO 
and P=0.05, respectively. The term mutually inde- 
pendent statistical variables was used if the regression 
coefficient as well as odds ratio of each risk factor 
changed less than 10% by inclusion or exclusion of 
other risk factors in the model. All tests were two- 
tailed, and differences were considered significant if 
P<0.05. 

out on the proportion of recruits with at least one 
injury versus the proportion of recruits with no in- 
juries. This was done in order to examine the signifi- 
cance of each parameter adjusted for the effects of 

Table 2. Risk factors for musculoskeletal injuries in general remaining 
after stepwise backwards elimination by multiple regression analysis. 
Comparative injury risks are given as adjusted odds ratios (OR) with 
95% confidence intervals (CI) 

Risk factor OR 95% CI P-value 

Age (years) 
19-22 1 .oo - 
2 2 2  2.21 1.20-4.06 =0.01 

Average or more fit 1 .oo - - 
Less fit 2.05 1.02-4.12 <0.05 

Average or fast tertiles 1 .oo - - 

- 

Self-assessed physical fitness 

Initial 3000-m run 

Slow tertile 1.72 1.02-2.91 c0.05 

>2 1 .oo - 
0-2 0.49 0.25-0.96 C0.05 

No 1 .oo - - 
Yes 2.50 1.38-4.50 <0.01 

Past activity (hours . week-’) 
- 

Snuff-dipping 

P-values indicate that OR differs from 1.00. 
Linear odds ratio equation remaining after backwards elimination: Log 
(odds ratio)= -1 .74+0.79xl(age) +0.72x2(self-assessed fitness) 
+0.54x3(run time) - 0.71x4(past activity) +0.92x5(snuff), x=O for refer- 
ence groups and x = l  for comparison groups. 

Table 3. Risk factors for musculoskeletal injuries with tentative causes 
related to service activities, remaining after stepwise backwards elimin- 
ation by multiple logistic regression analysis. Comparative injury risks 
are given as adjusted odds ratios (OR) with 95% confidence intervals 
(CI) 

Risk factor OR 95% CI P-value 

Age (years) 
19-22 
2 2 2  

Average or more fit 
Less fit 

Initial 3000-m run 
Average or fast tertiles 
Slow tertile 

Average or more active 
Less active 

Snuff-dipping 
No 
Yes 

Self-assessed physical fitness 

Past activity 

1 .oo 
2.33 

1 .oo 
3.33 

1 .oo 
1.83 

1 .oo 
0.41 

1 .oo 
2.44 

- 

1.21-4.50 

- 
1.29-8.59 

- 
1.01-3.31 

- 
0.16-1.07 

- 
1.30-4.57 

- 

=0.01 

- 
=0.01 

- 
<0.05 

- 
=0.07 

- 
<0.01 

P-values indicate that OR differs from 1 .OO. 
Linear odds ratio equation remaining after backwards elimination: Log 
(odds ratio)= -2.21 +0.85x1(age) +1 .20x2(self-assessed fitness) 
+0.61x3(run time) - 0.89x4(past activity) +0.89x5(snuff), x=O for refer- 
ence groups and x = l  for comparison groups. 

Results 
A total of 141 injuries sustained by 117 of the 480 
conscripts (24%) was registered, corresponding to an 
incidence of 12.5 injuries per 100 recruit-months. The 
injuries were primarily located in the lower limbs 
(6O%), followed by the back (24%). The most fre- 
quently used diagnosis groups were, in the order men- 
tioned, low back pain (20%); overuse knee injuries 
(14%); Achilles tendinitis (1 I”/.); and sprains of joint 
capsules or ligaments (9%). In 68% of the injuries, a 
tentative cause was directly related to organized ser- 
vice activities. Marching and infantry running were 
regarded as the causes of most injuries. 

Both univariate and multivariate analysis showed a 
higher risk of injury among recruits aged 22 years 
and over than among younger recruits (Tables 1 and 
2). 

The one-third with the lowest BMI ran a higher 
risk of injury than the middle third according to the 
chi-square test (Table I). For their part, those in the 
middle BMI group sustained fewer injuries than all 
the others put together. However, the differences 
never appeared to be significant using logistic re- 
gression. Height and weight were not associated with 
risks of injury. 

Recruits who believed that their physical activity 
had been below the average for men of their age sus- 
tained more injuries than the others (Table I). This 
difference was eliminated by logistic regression analy- 
sis when adjusted for self-assessed physical fitness or 
3000-m run times. The time devoted to physical activ- 
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Table 4. Odds ratios (OR) of musculoskeletal injuries with 95% confidence intervals (CI) for age, self-assessed physical fitness and smokeless tobacco 
use. Each OR has been adjusted for effects of the other two risk factors by multiple logistic regression analysis. Both musculoskeletal injuries in 
general and the subgroup of injuries with causes tentatively related to service activities are concerned 

Risk factor Injuries in total Injuries attributed to service activities 

OR 95% CI P-values OR 95% CI P-values 

Age (years) 
- - 19-22 1 .oo 1 .oo 

2 2 2  2.06 1.18-3.59 =0.01 2.15 1.18-3.93 =0.01 
- - 

Physical fitness 
Average or more fit 1 .oo 1 .oo - - - - 

Less fit 2.09 1.26-3.46 <0.01 2.32 1.34-3.01 <0.01 

No 1 .oo 1 .oo 
Yes 2.31 1.34-3.99 <0.01 2.30 1.26-4.19 <0.01 

Snuff-dipping 
- - - - 

P-values indicate that OR differs from 1 .OO. 
Linear odds ratio equations (x=O for reference groups and x = l  for comparison groups): injuries in total: Log (odds ratio) =-1.56+0.72x,(age) 
+0.74x2(physical fitness) +0.84x3(snuff); service activities: Log (odds ratio) =-2.05+0.77x,(age) +0.84x2(physical fitness) +0.83x3(snuff). 

ity prior to military service was not significantly as- 
sociated with risk of injury using univariate analysis 
(Table 1). In multivariate analysis, on the other hand, 
the recruits who had spent the least time on physical 
activities showed the lowest risk of injury if correc- 
tions were made for 3000-m run times (Table 2). 

No significant differences were found in risk of in- 
jury according to whether the recruits had partici- 
pated in competitive sports, sport for exercise, or no 
sport at all (Table 1). Self-assessment by recruits of 
their own physical fitness, on the other hand, did re- 
late clearly to the frequency of injuries. Those who 
estimated that they were less fit than the average sus- 
tained more injuries than those who thought they 
were in average or above-average condition. The dif- 
ference was significant using both univariate and 
multivariate analysis (Tables 1 and 2). 

Where the introductory 3000-m test was con- 
cerned, the slowest third of the recruits sustained 
more injuries than the rest (Table 1). When logistic 
regression was applied, the difference was eliminated 
by adjustment for physical fitness only, but reap- 
peared if adjustments were made at the same time for 
weekly hours of past activity (Table 2). 

Smokers who smoked over 10 cigarettes a day ran 
higher risks of injury than non-smokers (Table 1). 
The risk increased with the number of cigarettes 
smoked (P<O.Ol). In multivariate analysis, however, 
the statistical differences disappeared when adjusted 
for self-asssessed physical fitness or 3000-m run time. 
Snuff-taking, on the other hand, was associated with 
increased risk of injury in both univariate and multi- 
variate analysis (Tables 1 and 2). 

The inclusion of only those injuries with causes di- 
rectly related to service activities resulted in insignifi- 
cant changes. Recruits aged 22 years and over 
(P<0.05), the least active recruits (P<0.05), those 

who thought they were less fit than the average 
(P<O.Ol), the slowest third in the 3000-m run 
(P<0.05), and snuff-dippers (P<0.05) showed higher 
risk of such injuries according to univariate analysis. 
For these injuries, too, there was a positive relation- 
ship between cigarette consumption (the number of 
cigarettes) and the risk of injury. After backward 
elimination with multiple logistic regression, age, 
poor physical condition, slow 3000-m run times and 
the use of snuff still remained as significant risk fac- 
tors (Table 3). 

In both the multivariate models, the one compris- 
ing all musculoskeletal injuries in the training period 
(Table 2) and the one covering injuries causally re- 
lated to service activities (Table 3), age, self-assessed 
physical fitness and snuff-taking emerged as mutually 
independent statistical variables. Times for the 3000- 
m run and past physical activity, on the other hand, 
were closely negatively intercorrelated (highly signifi- 
cant association since the 95% confidence intervals of 
mean run time in different activity groups showed no 
overlaps (data not shown)); they were mutually de- 
pendent of each other as contributory factors in the 
models, and even then were only marginally signifi- 
cant. The presentation of a multivariate model ex- 
clusively based on age, self-estimation of physical 
fitness and snuff-taking was therefore justified (Table 
4). 

Discussion 
In this study we identified the following risk factors 
for musculoskeletal injuries: higher age, low levels of 
previous physical activity, low levels of self-assessed 
physical fitness, low running capacity, smoking and 
snuff-taking. Of these, age, physical fitness and snuff- 
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can it be that these activities are more planned and 
limited in time and place, that they are less all-round, 
and that everyday life comprises largely of more sed- 
entary activities? 

The contradiction between our findings, showing a 
high incidence of injury with low BMI, and some 
earlier studies reporting a higher risk of injury with 
high BMI (9, 11, 14) need be no more than apparent. 
One of the studies that pointed to high BMI as a 
risk factor (9) also noted that recruits, at least male 
recruits, with low BMI tended to show an increased 
incidence of injuries, resulting in a U-curve. In a 
study of overexertional back pain among Israeli in- 
fantry recruits (26), low BMI was likewise a risk fac- 
tor for low back pain. It may accordingly be the case 
that both high and low BMI could indicate a higher 
risk of injury than the intermediate values: high be- 
cause overweight increases the strain of such 
weightbearing activities as running and marching; 
low because persons with lower muscle mass may tire 
more easily, especially during infantry training when 
military equipment has to be carried. The data 
should be interpreted cautiously, however, since logis- 
tic regression analysis did not confirm the differences 
shown in the chi-square test, whether univariate or in 
multivariate combinations. 

Our results confirm reports that low levels of pre- 
vious physical activity are a cause of greater risk of 
injury among recruits (9, 12, 13). This fits in with a 
theory that physical activity may result in an adap- 
tation of the musculoskeletal system and thereby help 
to prevent injuries when the individual is later sub- 
jected to new strains. The observed effect was 
masked, however, if adjustments were made for physi- 
cal fitness or running capacity, since previous physical 
activity appeared to be correlated with both. In fact 
variants of low levels of past activity turned out to 
be associated with less rather than greater risk of in- 
jury when adjusted for running capacity (Tables 2 
and 3). This may mean that recruits with relatively 
good running capacity despite little past training are 
well equipped to withstand injury, whereas recruits 
who are poor runners despite substantial training are 
more exposed. 

We were not able to confirm a recent report to the 
effect that previous participation in competitive sport 
was associated with fewer injuries (1 l), which places 
our study alongside others in which no association 
has been found between previous participation in 
sports and the risk of injury (9, 13). However one 
objection to the present and similar studies (9, 13) 
may be that they do not discriminate between differ- 
ent sports. It has, for instance, been reported pre- 
viously that recruits who had been runners were less 
exposed to-stress fractures (27). 

It seems reasonable to assume that relatively unfit 
individuals undergo relatively more strain than those 

taking were found to be mutually independent stat- 
istical variables. 

The study was carried out on Norwegian con- 
scripts who undergo basic training under general 
compulsory military service. Accordingly, the sample 
might be more representative for the general male 
population than in similar studies that drew subjects 
from participants in road races (22, 23), members of 
a sports clinic (24), or even military servicemen in 
countries where enlistment is voluntary (9, 11- 13). 
Both the incidence of injuries and the distribution of 
types of injury and anatomical injury sites were very 
similar to those reported for a larger population of 
Norwegian infantry conscripts (19) as well as for 
American army recruits doing basic training (9). 

We have decided to consider risk factors both in 
relation to all musculoskeletal injuries in the training 
period and in relation to the subgroup of injuries 
with causes directly related to organized service ac- 
tivities, because the latter was supposed to give a 
more specific and reliable representation of training- 
related injuries. The service-related injuries may, on 
the other hand, be underestimated because the in- 
clusion in this category presupposed an opinion on 
the part of the doctor of the sequence of events lead- 
ing to the injury. The two samples showed no differ- 
ence, however, with regard to significant risk factors. 

The finding that older recruits were more exposed 
to injury is consistent with similar studies of Amer- 
ican (1 3) and Norwegian recruits (14), while another 
study was unable to confirm that the age of recruits 
was associated with injury risk (1 1). A study of civ- 
ilian participants starting a walking, running, or jog- 
ging programme also showed increasing risk of injury 
with increasing age (25). Reports on studies of habit- 
ual runners, however, have concluded either that age 
is not associated with injury (22, 24, 25) or that the 
frequency of injury declines with increasing age (23). 
Apart from the possible selection of injury-resistant 
individuals, i.e. that only those runners who remain 
free of injuries continue to run, it should also be 
pointed out that individuals in civilian populations 
are freer than military recruits to choose their own 
intensities and quantities of training. In any case, it 
is somewhat surprising that an effect of age can be 
demonstrated within the narrow age range of this and 
other military recruit populations (13, 14). It may 
thus not be the age in itself that is the decisive factor, 
but rather some characteristics of the conscripts who 
do their military service at a later time (14). One can 
speculate on the importance of having the youth 
closely proceeding as opposed to older recruits who 
have had an adult lifestyle for some more years. 
Childhood and adolescence is in all likelihood the 
period in life that contains most varied physical ac- 
tivities, including much walking. Even though many 
adults continue to be physically active in adulthood, 
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with better physical capacity when going through a 
physically demanding programme, and that they will 
therefore be more exposed to injury. Self-assessment 
of physical fitness has increased in importance in the 
Norwegian armed forces since the discontinuation a 
few years ago of physical tests as part of the selection 
procedure by conscription boards. Classification of 
physical condition is at present based on conscripts’ 
own information about themselves. Physical fitness 
has been defined as the ability to perform physically 
demanding tasks, and its elements include muscular 
strength and endurance, cardiorespiratory fitness and 
also to a certain degree motor skills. These are ele- 
ments that can be operationalized and studied using 
more objective methods. It has thus been shown that 
lower levels of muscular endurance could entail a 
higher risk of training injuries (9, 13). The present 
and similar studies (9, 13, 14) have, moreover, demon- 
strated that low running capacity can be a risk factor. 
Self-assessed physical fitness offers the advantage, 
however, that it is easy to measure by means of a 
questionnaire, comprises a wide range of skills, and 
appears to be a good means of discriminating be- 
tween recruits who are more or less likely to sustain 
injuries. It may thus form a simple basis for differen- 
tiating training loads according to individual capa- 
bilities. 

The proportion of our sample who took snuff 
(15%) was the same, while the proportion of smokers 
(51%) was higher, than in an extensive survey of the 
use of stimulants among conscripts in the Norwegian 
armed forces (28). The observed risk effect of smok- 
ing resembles the result of an American study that 
also showed greater risk of injury among recruits who 
smoked more than 10 cigarettes a day than among 
non-smokers (13). In contrast to that study we found 
that smoking habits were associated with both physi- 
cal fitness and running capacity in such a way that 
the effect of smoking was masked in the multivariate 
analysis. The smokers were much better represented 
among the slower or less-fit subjects. A correspond- 
ing intercorrelation did not exist, however, with re- 
gard to snuff-taking, which was just as widespread 
among the fastest or more fit subjects as among the 
other recruits. 

Snuff-users had, when adjustments were made for 
other risk factors, a twofold increase in the risk of 
injury. Causality could hypothetically be attributed to 
a number of different conditions, such as the inhibit- 
ing effect of nicotine on neuromuscular transmission 
(29), reduced regional blood flow to the working 
tissues (30), dysregulation of the microcirculation 
(31), changes in metabolism (32, 33), or the acting of 
free radicals on vulnerable tissue (34). Some of these 
effects might be able to increase the relative burdens 
of exercise on the musculoskeletal system or retard 
the process of recovering from exertion, resulting in 
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increased risk of injury. Adverse effects of snuff-dip- 
ping in sports and exercise strongly contrast with the 
marketing strategies by tobacco companies that link 
smokeless tobacco with athletic performance and vir- 
ility (39, and with the exceptional high prevalences 
of smokeless tobacco use in some sports milieus (16, 
17). 

The existence of risk factors that make certain in- 
dividuals more exposed to musculoskeletal injuries 
than others underlines the practical importance of 
making the appropriate individual adaptations to 
training and physically demanding tasks. Docu- 
mentation of such risk factors as smoking and snuff- 
taking also gives grounds for recommending a 
changed lifestyle as part of injury prevention. In the 
present study, we have especially emphasized three 
factors that independently predict increased risk of 
injury: low levels of self-assessed physical fitness, 
higher age, and snuff-taking. 
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