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CHAPTER I    BACKGROUND   AND   RATIONALE   Stress fracture is an incomplete fracture of a bone resulting from its inability to withstand 
force applied in a rhythmic, repeated and subthreadshold manner. It is a common injury in 
athletes, dancers and military recruits(1)(2).  The most common anatomic locations of bone stress 
injuries are the tibial shaft and the metatarsal bones.  Bone stress injuries to  pelvis ,  hip,  thigh, 
and  knees are less common(3).  Bone stress injuries can be divided into low-risk and high-risk 
injuries(4).  It depends on their potential adverse consequences and long-term morbidity. High- 
risk injuries are associated with a tendency for prolonged healing attributable to poor vascular 
supply(5)  and have a risk of progression to complete fracture, delayed union, and nonunion that 
they should be recognized and diagnosed promptly and treated aggressively. Low-risk injuries 
can be diagnosed by taking history, a physical examination  and using plain radiography. Their 
prognosis is favorable with early diagnosis and conservative treatment.  
 Several studies are available of risk factors for stress fractures. They had been 
described and categorized into modifiable and non-modifiable risk factors. The non-modifiable 
risk factors shown to be associated with bone stress injury include female gender, Caucasian 
ethnicity and high bone turnover(6).  Between bone stress injuries and age, the association has 
remained inconclusive. Some studies indicated that bone stress injuries increased with age, 
whereas others indicated the opposite(7).  Modifiable risk factors previously showed to be 
associated with bone stress injuries are poor physical fitness, smoking , steroid use, low levels 
of sex hormones, low bone density and poor footwear. However , low body mass was found to 
be associated with bone stress injuries in a Finnish study(8).   Currently , menstrual disturbances 
in females, caloric restriction, lower bone density, muscle weakness, and leg length differences 
have also appeared as risk factors for stress fracture(9). 
 Stress fracture is a form of fatigue damage resulting from repetitive skeletal loading 
force(10) and usually occurs in the weight-bearing  lower extremities or the pelvic girdle(11).     
Strenuous activities associated with stress fractures cause torsional and bending stress 
concentrated in the cortex(12).  These stresses are generally highest on the subperiosteal surface  
which are  the sites of stress fractures. Bone adapts to mechanical loading forces by a 



 

 

remodeling process in which lamellar bone is resorbed by osteoclasts, creating resorption 
cavities which are subsequently replaced with more densed bone by osteoblasts. However, 
since there is a lag between the increased osteoclastic and osteoblastc activity, bone is 
weakened during this time, increasing   the risk of microdamage(13).  If microdamage 
accumulates, repetitive loading continues, and remodeling cannot maintain the integrity of the 
bone, thus stress fracture may result(14)(15).   Stress fractures develop if the microdamage is too 
extensive to be repaired by a normal remodeling response, or if depressed remodeling cannot 
repair normally occurring microdamage. 
 The diagnosis of stress fracture is based on clinical and plain radiographs or 
scintigraphy.  Magnetic resonance imaging (MRI)  can be used to detect the early stages of 
developing bone stress injuries , even though overestimation of the occurrence are possible if 
asymptomatic persons are studied. As a diagnostic imaging method for bone stress injuries of 
the lower limbs, MRI is as sensitive as scintigraphy and is highly specific in detecting soft tissue 
damage(16).   Bone scintigraphy or bone scan is a nuclear scanning test to find abnormalities in 
bone with technetium-99m-labeled diphosphonates. Three-phase  bone scintigraphy is useful 
for detecting traumatic bone injury , even if radiographic findings are negative. There are three 
phases : vascular phase, blood pool phase and delayed static bone scan phase. The 
suspected bone fracture sites have an increased blood pool. Scintigraphic findings show focal 
increased uptake at fracture sites. 

Quantitative ultrasound (QUS) at the calcaneus measures bone mineral density (BMD). 
It has been developed as an alternative method for non-invasive assessment of bone mineral 
density. This technique is less expensive, more time-saving, and without  radiation exposure. 
Ultrasound is a mechanical wave that can be measured in either transmission or reflection. 
When an ultrasound wave is propagated through a bone, it produces regions of temporary 
compression and rareflection of the bone tissue. By comparing the differences between the 
sound wave transmitted into a bone and the wave emerging after interaction with the bone, one 
can obtains information about the material and structural properties of the bone. The frequency 
range for the transmission of ultrasound used in human bone studies is generally from 100 kHz 
to 1.0 MHz.  This is called broadband ultrasound. Typically, the outcome is expressed either 
numerically as the velocity of the wave that travels through the skin and bone, commonly known 
as the speed of sound (SOS) or ultrasound transmission velocity (UTV), or in terms of the rate 
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that the energy is attenuated with increasing frequency. This is commonly known as broad band 
ultrasound attenuation (BUA). In general, healthy bone attenuates higher frequency sound than 
osteoporotic bone. Based upon these two concepts, one can also compute arbitrary multiple 
variable indices. They have been given names such as stiffness  index  which should not be 
mistaken for the accepted physics definition for stiffness.  BUA is thought to be related to bone 
structure whereas SOS is closely related to the material properties of bone such as elasticity. 
 The recruitment of soldiers in Thailand is performed in early April of every year and new 
recruits will  have an appointment to take the basic military training (BT) for 10 weeks starting on 
May (part I) and  November (part II)  of each year. Strenuous exercise and training are 
mandatory  to prepare the soldiers for service. Some new recruits may have lower extremity 
musculoskeletal injuries. Stress fracture is regarded as one of the more severe overuse injuries 
in military recruits  and a leading causes of lost training time, medical expenses, attrition , and 
decreased readiness. Investigation for diagnosis of stress fractures used are film radiography 
,repeated radiography and bone scintigraphy.  There is little known about  risk factors for stress 
fractures, especially among Thai military recruits. The identification of risk factors is needed to 
help preventive strategies during basic military training. One factor that is  associate with stress 
fractures  is low bone mass density.  Quantitative ultrasound used in measuring bone mass 
density may be a screening tool to determine recruits at high risk for stress fracture and useful 
for establishment of appropriate levels of exercise but also educate military trainers and  health 
care providers. The aim of this study is to determine if SOS parameters from QUS are  
associated with stress fractures and to determine  the incidence of stress fractures and risk 
factors.  This  will be the first such study in Thailand. 
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CHAPTER II  REVIEW OF RELATED LITERATURES   There were still contradictory of the result of various studies in relationship between 
bone mineral density and stress fracture(17).   In a prospective study, the bone density of tibia 
was similar for 91 recruits who developed stress fractures compared with 198 controls(18).  
Another prospective study, the tibial and femoral bone density was lower in 23 male recruits 
who sustained  stress fracture compared with 587 control recruits, but this result may be 
explained by differences in body weight which was 11% less for men with fractures than for 
controls(19). One study of military recruits with stress fractures , female recruits had thinner 
cortices, lower areal BMDs, and smaller section moduli in the femur and the tibia, whereas male 
recruits  had narrower bones and smaller section moduli with similar cortices ad areal BMDs as 
control(20). A cross-sectional study, it showed lower bone density at the femoral neck and the 
trochanter in 41 male recruits with stress fracture  than in 48 non-stress fracture control(21). 
 Richard  A. Shaffer(22) developed a screening tool to identify US Marine corps recruits at 
high risk for lower extremity stress fractures when beginning a rigorous physical training 
program. It is the refined algorithm consisting of five physical activity questions and a 1.5-mile 
(2.4 km) run time, revealed that 21.6% of Ihigh riskJ recruits suffered more than three times as 
many stress fractures as Ilow riskJ recruits. This study concluded that risk of stress fracture 
during rigorous physical training was increased by poor physical fitness and low levels of 
physical activities prior to their entry into the program 
 Joan Lappe(23) studied stress fracture during basic military training of 4,139 female army 
recruits. The author used quantitative ultrasound in screening for susceptibility to stress 
fractures. The combination of QUS measurements with evaluation of individual risk factors can 
identify recruits who are at the very highest risk of stress fractures and in the subgroup of white 
women in Q1 of SOS who smoked and didn7t exercise. 
 T.J. Beck et al (20) studied to determine how gender was different in muscle and bone 
susceptibility factors to stress fractures in military recruits. A total of  37 incident stress fractures 
of 693 female U.S. Marine Cops recruits were compared with 38 stress fractures of 626 male 
recruits to determine whether bone and muscle strength parameters differed between genders. 



 

 

In both genders, differences in fitness, muscle, and bone parameters suggest poor skeletal 
adaptation in fracture cases due to inadequate physical conditioning prior to training. Because 
fitness also influences muscle strength , it is conceivable that there may be also  muscle factor 
in stress fracture susceptibility. Not only are skeletal loading forces mainly medicated through 
muscle contraction, but certain muscle groups function to oppose bending and torsional 
stresses under load. 
 A prospective study of 295 Israeli Army recruits by C.Milgrom et al (24) showed 31 % 
incidence of stress fractures. 80% of the fractures were in the tibial or femoral shaft, and  8% 
occurred in the tarsus and metatarsus. 69% of femoral stress fractures were asymptomatic, but 
only 8% of those in the tibia. 
 Ville-Valtteri Valimaki(25) studied to evaluate risk factors for symptomatic stress fractures 
among 179 Finnish male military recruits. Their conclusion were that tall height, poor physical 
conditioning, low hip BMC (bone mineral content) and BMD (bone mineral density), and serum 
PTH level were risk factors for stress fractures in male Finnish military recruits. 
  Few prospective studies have investigated the relationship between stress fractures 
and BMD or other bone properties (25)(26) whereas several cross-sectional comparisons of bone 
properties have been made between stress fracture and controls. Giladi et al (27). found no 
difference between stress fracture  and controls in bone mineral content (BMC) of the lower leg 
measured by single photon absorptiometry.  Pouilles et al (21). used dual photon absorptiometry 
(DPA) to measure BMD in young male military recruits. They found that femoral stress fracture 
had lower femoral neck BMD and that calcaneal fracture had lower trochanteric BMD, but cases 
and controls with lower leg or foot fractures showed no difference in BMD. More recently, 
Lauder et al (28) reported that femoral neck BMD was inversely associated with stress fractures in 
U.S. active duty army women. In a prospective study of female track and field athletes, Bennell 
et al(28) partitioned the lower limb regions of total body scans measured by DXA into femur, lower 
leg, and foot regions, averaged bilaterally. Stress fracture cases had lower total body BMC and 
lower BMD in the foot and lumbar spine regions. Tibial stress fracture cases were examined 
separately and were found to have lower BMD  than controls in the lower leg region. Beck et 
al(24) studied U.S. Marine Corps recruits with DXA scans of the midthigh and distal third of the 
lower leg at the beginning of a 12-week physical training program and followed the recruits for 
stress fractures. Among females, stress fracture cases had lower BMD than controls. Thus, 
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existing evidence suggests that BMD is lower in young military recruits who suffer stress 
fractures than in their counterparts who do not sustain stress fracture. However, no studies were 
found that combined BMD or QUS measurement with other risk factors to describe the male 
recruits at the highest risk for stress fractures. 
  

Table  2.1    The incidence of stress fracture  among military recruits  in each study   
Author Subject BT (wks) Number  SF/total Age (mean) Incidence(%) Diagnosis Journal 

Jones Army recruits 
(Female&Male) 

8 wks F 23/186 
M 3/124 

F 18-28(18.5) 
M 18-27(18.3) 

F 12.3% 
M 2.4% 

Scintigraphy 1993 ; Am J Sports Med 21:705-10 

Richard 
A.Shaffer 

US Marine Corps 
 recruits 

12 wks M 52/1286 
M 40/1078 

17-28(18.9) 
17-27(18.4) 

M 4% 
M 3.7% 

Scintigraphy 1999 ; Am J.Epidemiol 149;3:236-242 

Milgrom C Isaraeli recruits 
(Male) 

14 wks M 91/295 Not shown M 31% Radiography 
Scintigraphy  

2000 ; Am J Sports Med 28:245-51 

T.J.Beck US  Marine Corps 
 recruits (Female&Male) 

12 wks F 37/693 
M 38/626 

F17-32(19) 
M17-28(19) 

F5.3% 
M 6.1% 

Scintigraphy 2000; Bone 27;3:437-444 

Joan Lappe US  Army recruits 
 (Fem ale) 

8 wks F 194/4139 F16-35(19.63) F 4.7% Radiography 
Scintigraphy 

2005; J.BMR 20;4: 571-578 

Ville-Valtteri Finnish conscript (Male) 8 wks M 15/179 M18-20(19) M 8% Radiography 
MRI 

2005 ; J.Bone 37:267-273 

Richard 
A.Shaffer 

US Marine corps recruits 
(Female) 

8 wks F 152/2962 F17-33(19.2) F 5.1% Radiography 
Scintigraphy 

2006 ; Am J Sports Med 34;1:108-
115               
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CHAPTER III  RESEARCH DESIGN AND METHODOLOGY  3.1 Research Questions  Primary research question  Does the bone mineral density measured by calcaneal quantitative ultrasound have 
relationship to  bone stress fracture during basic military training of recruits ? 
      Secondary research question 
 1. Are there the association of risk factors and stress fractures in Thai army recruits  ? 
 2. What is the incidence of stress fractures in Thai army recruits during basic military 
training   ?   3.2  Research Objectives  Primary research objective  To determine if bone mineral density measured by calcaneal quantitative ultrasound can 
predict occurrence of bone stress fractures during basic military training of Thai army recruits. 
    Secondary research objective 
 1. To determine the relationships between risk factors and stress fractures in Thai army 
recruits 
 2. To identify the incidence of stress fractures during basic military training  in   Thai  
army recruits 3.3  Research Hypothesis 
Research  Hypothesis  The bone mineral density measured by calcaneal quantitative ultrasound can predict the 
occurrence of bone stress fractures during basic military training in Thai army recruits.          



 

 

3.4  Conceptual Framework          
 
 
Figure 3.1   Conceptual  framework   3.5  Assumptions  The basic military training   courses are the same program of all military units in duration 
, intensity and process of training  according to the military law of Royal Thai  Army.  All recruits 
will received the same footwear and the same training program in duration and strength of 
training. 3.6  Keywords  stress  fracture, bone mineral density ,calcaneal  quantitative  ultrasound , basic military 
training , Thai  army  recruits.  3.7  Operational  Definitions  Stress fracture is incomplete fractures from overuse or repetitive injury. The clinical of 
local tenderness with suspicion of a stress fracture can be evaluated and radiography  was 
taken to show the gray cortex sign, endosteal callus, periosteal callus or fracture line. 
 Quantitative ultrasound is a device to measure  bone mineral density at heel. For this 
study, we used  Achilles express to measure speed of sound. It was not invasive method, less 
expensive, less time to measure. The principle of QUS is a mechanical wave that can be 
measured in either transmission or reflection when ultrasound wave is propagated through bone 
and skin.  

Male  army recruits Adapted basic military training 10 wks Male  army recruits Without stress fractures  

High Risk Factors 

SOS  by  Calcaneal  QUS 
STRESS  FRACTURE 
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 Thai  army recruits :  In Thailand, military service is obligatory for all men , and normally 
, men enter military service at the age of 20 years. Before recruitment they were selected on the 
basis of disease history and physical examination for healthy men in any level of physical 
fitness. All of them had the same basic training of 10 weeks duration for physical readiness to 
be soldier with increasing level of physical activities including walking, marching, and running.  
 Basic military training : The new military recruits including army, navy, air force  in 
Thailand  began to be soldiers on May for part I and November for part II every year. At the 
beginning time , they took basic military training for improving their physical fitness including 10 
weeks training, walking, marching and running according to requirement.     3.8  Research design and Research methodology   A  prospective cohort  study 
  Before the first week of registry of new  army recruits at military medical unit, the 
researchers  met them and informed them of the study. They made a decision to volunteer by 
themselves.  Informed consent was obtained from all participants. Participants completed 
questionnaire to determine risk factors designed based on a review of the literature reporting 
risk factors for bone fragility. The questionnaires were straightforward and require only brief 
responses. Several questions required yes and no answer : previous stress fractures , family 
history of osteoporosis, current or past smoking, regular weight-bearing exercise. Weight-
bearing exercise was defined as having participated in activity such as walking or running in 
times / week. Participants reported  smoking   were asked to record the number of cigarettes 
/day. They were asked to estimate the number of alcoholic drinks per week. QUS measurement  
obtained on the same day including weight and height. 
  Before beginning of basic military training , military medical personnel were taught to 
identify  local pain in lower extremities or pelvis.  During basic training,  if recruits had  local 
tenderness , they were refered to the orthopedic  clinic of Phramongkutklao hospital. At the  first 
visit to the orthopaedic clinic for pain at  the lower extremity or pelvis , the orthopaedist 
determined  absence or presence of  Ipoint tendernessJ (localized bony tenderness). Recruits 
with complaints of generalized soreness returned to active BT. Those with local tenderness were 
assigned to limited duty and appointed to return to the clinic for a second visit after 7 days. 
Soldiers who were symptom-free on the 2nd visit returned to active BT without diagnosis of stress 
fracture. Symptomatic soldiers remained on limited duty and returned after an additional 14 

  9 



 

 

days for a 3rd visit .  At 3rd visit , lateral and anterior/posterior radiographs of the painful region 
were taken on all recruits who had persistent point tenderness. If their films showed stress 
fractures , they were continued on limited duty. Symptomatic recruits with normal radiographs  
remained on limited duty and returned after 7 more days for repeat radiographs. If the 
radiograph at the 4th visit was normal, a 99Tm scan of the affected region was performed. Stress 
fracture was diagnosed if the scan was focally active. Thus , every stress fracture would be 
confirmed with either a radiograph or  99Tm scan.  
  After start of basic training and every three weeks  the research team went  to the camp 
and the recruits had a physical examination and were asked if they had pain. If they had pain , 
they were taken to the orthopedic out-patient clinic of  Phramongkutklao hospital. 
 After basic military training all completed again questionnaire (II). They were then taken 
for a physical examination by our orthopedists. The new questions asked of injuries during basic 
training or local tenderness. If they still had local tenderness, they were taken to the orthopedic 
clinic for further  investigation and treatment.  
     3.8.1  Population and sample   3.8.1.1  Target population    Thai  army   recruits                                   3.8.1.2  Sample population    Thai  army  recruits  of  some army battalions in Bangkok         3.8.2  Sample size calculation  Regarding the objective of the study to assess the relationship between SOS measured by 
calcaneus prior to  basic military training and stress fractures during 10 weeks of training in 
male army recruits, area under ROC curve (AUC) was of main interest. Thus, sample size 
estimation was based on a 95% confidence interval (CI) of single AUC of SOS.    
  Previous study of Joan Lappe(23)  in 4,139 female recruits aged 16-35 years showed that 
the incidence of stress fractures was 4.7% and SOS was significantly related to the risk of stress 
fracture (P<0.001) with area under the ROC curve of 0.70.   
  Sample size calculation for the number of recruits was based on the 95% CI of the area 
under ROC curve of SOS as follows. 
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Where  m = Number of stress fracture 
2/1 α−z  is the 2/1 α−  percentile of the standard normal distribution,  

α  is the confidence level,  
L   is the desired width of one-half of the CI. 
( )ϑ̂V  is the variance function of ϑ̂  

 
 

( ) ]/)8()85[()009.0(ˆˆ 222/2

kaaeAV a +++××= −  Where 
   414.1)(1 ×Φ= − Aa        1−Φ    is the inverse of the cumulative normal distribution function. 
  A = Area under ROC 
  K = (1 H incidence )  /  incidence 
 
 

The detailed calculation was as follows  
First  calculate   ( )AV ˆˆ  

   414.1)(1 ×Φ= − Aa           = 1−Φ (0.7) x 1.414     
     =  0.74150 

K  = (1-incidence) / incidence  =  (1-0.04) / 0.04     
 =  24 
 

Thus         ( ) ]/)8()85[()009.0(ˆˆ 222/2

kaaeAV a +++××= −  
                             ( ) ]24/)874150.0()874150.05[()009.0(ˆˆ 222/74150.0 2

+++××= − xeAV            =     0.14473 
Then , calculate  m  (number of stress fractures) 

    ( )
2

2
2/1

ˆ

L

Vz
m

ϑα−
=     =     1.962 x 0.14473 / 0.12         

         =      55.6       
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Finally, calculate   n (total) using incidence of stress fracture 
                 Incidence   =   m  (number of stress fractures)  /  n (total) 
   n (total)   =   m  (number of stress fractures) /  Incidence 
            =    55.6  / 0.04    =   1,390   3.8.3  Outcome measurement   3.8.3.1  Baseline variables   Baseline data consisted of  age , height, weight, BMI, smoking , alcohol consumption, 
exercise, SOS ( speed of sound ) from the quantitative ultrasound.   3.8.3.2  The main outcome  Stress fractures  3.9  Data collection  QUS measurement was conducted  at military medical unit by research personnel. On 
the first week of registry of new army recruits, new recruits were invited to participate in the 
study. They  made  their decision to participate without order. Informed consents were signed 
after their decision. Data of QUS measurement , height , weight and risk factor questionnaire (I) 
were obtained.   During basic military training, data of recruits with local tenderness were  
obtained at Orthopaedic clinic of Phramongkutklao hospital. The number of stress fractures 
were obtained . 
 QUS measurement was performed with an Achilles express ultrasound device. The 
Achilles express was a fully portable ultrasound system for measurement of the calcaneus using 
gel as a coupling agent. The two fixed transducers were fluid-coupled, through-transmission 
quarter wave-matched, broadband single element ( 25 mm diameter ) center frequency 500 
KHz. During measurement, the subjects put their bare left heel on the foot-plate of the unit and a 
calf rest was used to aid correct positioning of the foot. Acoustic coupling between the 
transducers and skin was achieved with water-soluble ultrasonic gel specifically produced for 
this ultrasound unit. It took time to complete within 3 minutes/test. The subject7s heel were 
positioned on the foot support plate and strapped in place to restrain it from moving. The two 
transducers were positioned on either side of the approximate midpoint of the calcaneus with a 
constant pressure maintaining direct contact with the patients7 skin.   
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3.10 Data transformation     Research  administration                                                                                                                                                                                                                                        Figure 3.2   Research design algorithm 

Baseline QUS measurement      Questionnaire 
Recruits 

Recruits 

complaint    of pain 
Military medical personnel BT 10wks 

Physical exam  local tenderness 

Physical exam  local   tenderness 

Persistent   local  tenderness 

Negative, but persistent local tenderness 

VISIT 1  

VISIT 2 (after 7days) 

VISIT 3 (after 14days) 

VISIT 4 (after 7days) 

YES 

Radiograph 
Positive 

NO �Return to BT 

YES NO �Return to BT 

Negative 

Diagnosis 

Diagnosis        
Radiograph repeated 

Positive 
Negative 

Positive 
99Tm scan 

Return to BT 
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3.11 Data analysis  Demographic and baseline variables were presented using descriptive statistics e.g., 
mean, proportion, standard deviation. 
 Regarding the primary objective of the study, receiver-operating characteristic (ROC) 
curve of SOS was constructed. Area under ROC (AUC) was computed along with its 95% CI to 
evaluate the ability of SOS to classify subjects into stress fracture and no stress fracture group.  
 For the secondary objective, a Cox proportional hazard model was used to determine 
factors associated with time from beginning of basic military training to stress fracture. 
Independent variables included in the Cox model, for example SOS quartile, age, BMI, smoking, 
exercise and alcohol. Results were expressed as adjusted hazard ratio (HR), 95% confidence 
interval (CI) of HR and p-value.   
 With regard to the incidence of stress fractures, it was displayed as incidence rate per 
person-days and 95% CI. 
 All statistical data analyses were performed using SPSS 15.0 and Stata 10.0 .   A 2-sided 
p-value of less than 0.05 was  considered a statistical significance.  3.12 Ethical consideration  The proposal was submitted for approving by the ethic committee of Phramongkutklao 
hospital and Department of medicine, Royal Thai army. The informed consents  were  obtained 
from every recruits by their decision without order. The recruits could refuse to participate in the 
study at any time during the study without interference with the standard treatment. All of the 
data were kept confidential and only used in the study. 
 This study was not be effected to the duration and strength of basic military training 
course  that were performed regularly.    3.13 Limitation  This study was a cohort design. The incidence of stress fractures in Thai army recruits 
have not be known, so the number of stress fracture may be less than from the calculation. The 
recruits of this study will be obtained from military units within Bangkok, not be stratified from the 
whole of military units.  
 

14 



 

 

 3.14 Expected benefits & Application        The result of the study will show the relationship between quantitative ultrasound (eg; 
SOS, t-score)   and stress fractures in Thai army recruits. Furthermore, the relationship between 
risk factors such as BMI, smoking, alcohol, physical fitness and family history of osteoporosis 
and history of stress fractures will be identified. 
           The incidence of stress fractures in Thai army recruits will be known. Although some 
studies did not shown high incidence of stress fractures in male military recruits but  the  injuries 
from basic military training are seriously the problems. The result of the study will be beneficial 
for decreasing incidence of stress fractures in Thai army recruits during basic military training 
and reduce the medical expense of treatment in stress-fracture recruits each year. The recruits 
will be not lost training time and have readiness in military recruits training.  If the stress fracture 
can be screened in susceptibility to occur, the recruits will not be sustained from stress 
fractures and take a basic military   training  completely  with  adapted basic military training for 
the susceptible recruits to stress fracture.          3.15  Obstacles and Strategies to solve the problems  
  All new recruits have to pass basic military training during the first ten weeks which is 
the rigorous physical training. Adaptation in physical and mental behavior is important during 
this period. Most of them feel uncomfortable from restriction and restrain from training and 
military rules. They will have many complaints of pain or over exaggerated   pain  for the rest 
from training. So the military medical personnel should be experienced to screen if complaints 
of pain are true.           
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CHAPTER IV  RESULTS  OF  THE  STUDY  
 1,266  recruits were enrolled in this study from different military units in Bangkok 

close to  Phramongkutklao hospital. They came from 10 battalions such as infantry, antiaircraft 
artillery, medical and signal battalions.  Only one recruit was excluded due to plate fixation at 
the femur one month prior to basic military training.  During basic military training of 1,265 
recruits , 2 recruits were excluded due to accidents during training. One sustained a distal 
radius fracture and another sustained a fractured metatarsal bone.  After 10-weeks basic 
training, there were  94 recruits with suspected stress fractures. They obtained radiographs and 
the results revealed incomplete fracture line or periosteal reaction in 26 recruits and negative 
results in 68 recruits. All of 68 recruits had an appointment for bone scintigraphy. The results of 
bone scan disclosed a positive study in 57 recruits and negative study in 11 recruits ( shown in 
figure 4.7 ) 

 Figure 4.2  Lateral view showed 
periosteal reaction 
(arrow) at posterior 
aspect 
 
 
 
 
 
 Figure 4.1    Radiograph  AP and Lateral 

Clinical local tenderness at Rt.tibial shaft 
Stress fracture diagnosed by plain film 
 

Figure 4.3  AP view showed 
periosteal reaction 
(arrow) at medial 
aspect 

 



 

 

 
 

   
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

      
      
                                                                                           

Figure 4.4   Bone scintigraphy  
                    ( TC-99m MDP ) 
The study  showed  increased 
radiotracer uptake at both tibial 
shafts (arrow)  

Figure 4.5   Three phase bone scan , 
vascular flow phase report 

Figure 4.6   Three phase bone scan , 
static  phase report 
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    Figure 4.7   Study flow chart 
 
 

1,265 recruits 

1 recruit  exclusion 
Sustained femur fracture 
prior to basic training 

94 recruits 
Suspected stress fracture  

Radiography 

26 recruits  Positive  radiograph 
68 recruits 

Negative  radiograph 
 

2 recruits  exclusion 
Traumatic accident  

during training due to fall 

10 Battalions 
1,266 recruits 

Bone  scintigraphy 

57 recruits Positive scintigraphy 
11 recruits 

Negative  scintigraphy 
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 Table  4.1  showed baseline data for 1,263 recruits from this study. Subjects had a mean 
age of 20.85 , a mean weight of  61.80  Kg  and  a mean height of 168.94 centimeters 
respectively.   The calculated body mass index (BMI) had a mean  of 21.62 kg/m2.  The median 
age was 21 years, range 17 H 29 .  The average SOS was  1,591.13 m/s and median SOS  was 
1,587 m/s, range 1,496 H 1,767 . The average BUA was  127.49 ± 12.42 dB/MHZ and median 
BUA  was 128 dB/MHZ , range 48 H 172 . The average T-score  was  0.55 ± 1.52  and median T-
score  was 0.40 , range -2.90  to  7.0 . The average Stiffness  index (SI)  was  110.35 ± 17.89  
and median Stiffness  index (SI)  was 109 , range 70  - 184 . Table 4.1   Baseline  characteristic of 1,263 recruits Baseline  Data Mean ± SD Median ( Min - Max ) 
Age (year) 20.85 ± 1.43 21 (17 H 29) 
Height (cm) 168.94 ± 5.24 168.50 (160 H 188) 
Weigh (kg) 61.80 ± 10.10 59.50 (41 H 115) 
BMI (kg/m2) 21.63 ± 3.15 20.90 (14.78 H 36.30) 
SOS (m/s) 1,591.13 ± 42.14 1,587 (1,496 H 1,767) 
BUA (dB/MHZ) 127.49 ± 12.42 128 (48 H 172) 
T-score 0.55 ± 1.52 0.40 (-2.90 H 7.00) 
Stiffness  index (SI) 110.35 ± 17.89 109 (70 H 184) 
 
 Table 4.2 showed baseline demographic data of all recruits. Their foot morphology were 
classified as normal arch 92.6% , low arch 1.4% and high arch 6.0%. Their dominant leg was 
the right leg 89.0% and the left dominant leg was 11.0%. The data from the risk factor 
questionnaire were the history of fracture, family history of osteoporosis, habit of smoking , 
alcohol intake and physical exercise. Their history of fracture revealed 77 cases ( 6.1% ) and 
family history of osteoporosis were 23 cases ( 1.8% ).  Most recruits  were heavy smokers  814 
cases ( 64.6% ) and there were 151 light  smokers( 12.0% )  and 295 non smokers( 23.4% ). A 
heavy alcohol intake was found in 599 recruits ( 47.6% ) and a light alcohol intake was in 542 
recruits ( 43.1% ). No alcohol intake recruits were only found in 117 recruits ( 9.30% ). Before 
basic military training, 244 recruits (19.4%) rarely did physical exercise and light  physical 
exercise  was found in  403 recruits ( 32.0% ). 614 recruits ( 48.7% ) had a history of heavy 
exercise. 
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Table 4.2     Baseline  variables of 1,263 recruits 
 

Baseline  Data Number (%) 
Foot morphology 

Normal 
 

964 (92.6) 
Low arch foot 14 (1.4) 
High arch foot 63 (6.0) 

Dominant leg  
Left dominant 
Right dominant 

139(11.0) 
1,124 (89.0) 

History of fractures  
No 
Yes 

1,182 (93.9) 
77 (6.1) 

Family history of osteoporosis  
No 
Yes 

1231 (98.1) 
23 (1.8 ) 

Smoking  
No 
Light 

295 (23.4) 
151 (12.0) 

Heavy 814 (64.6) 
Alcohol  intake  

No 117 (9.3) 
Light 542 (43.1) 
Heavy 599 (47.6) 

  
Physical  exercise  

No 117 (9.3) 
Light 542 (43.1) 
Heavy 599 (47.6) 
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               Fig 4.8   ROC curve of SOS  
 

Figure 4.8   The area under the receiver operator characteristic (ROC)  curve of SOS  
was  61.05% (95% CI: 54.70,67.39). Using the ROC analysis , we can determine the cut-off 
value that should be used to give optimal agreement with SOS value and stress fracture.   From 
table 4.3  , when using accuracy 74.64%,  the cut-off value of SOS at 1,560 m/s had low 
sensitivity 39.76%  and high specificity 77.10%.  If the cut-off value of SOS was 1,586 m/s or 
2nd quartile, the accuracy was 53.41%   and sensitivity 65.06%   ,  specificity 52.59%  
respectively.     

 
Table   4.3   Cut-off value of SOS 

SOS (m/s) Sensitivity Specificity Accuracy 
1560 39.76 77.10 74.64 

1561 (Q1) 40.96 76.25 73.93 
1570 49.40 68.33 67.27 
1580 56.63 59.37 59.19 

1586 (Q2) 65.06 52.59 53.41 
1615(Q3) 83.13 26.55 30.27  
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Among 1,263 recruits , 83  sustained stress fractures. Thus the cumulative incidence of 
stress fracture was 6.57 %. The incidence density rate was 1.22 per 1000 person-days (95% CI: 
0.97,1.51). The stress fracture occurred at an average of 90 days (95% CI:89.20 , 90.80). 

 
 

            Fig 4.9   Kaplan H Meier survival curve  
.  Figure 4.9  Kaplan-Meier survival curve presented the probability of developing stress 
fracture over time of basic military training to the occurrence of stress fracture.  .The stress 
fractures occurred at the median time of  90 days (95% CI: 89.20,90.80). 

Table 4.4  showed the number of recruits enrolled at each military units around 
Phramongkutklao hospital and the number of stress fracture. 

      



 

 

Table 4.4   Stress fracture in different military units 
 

Army recruit Units Number of recruits (%)   Number of  recruits with Stress fractures (%) 1st Infantry Regiment (King's Own Bodyguards) ������������	 � ������������������� ( ��� �.� ) 144 (11.40) 6/144 (4.17) 
1 - 1 Infantry Battalion(King's Own Bodyguards) ���������������	 � ������������	 � ������������������� ( �.� ���.� ��.) 161 (12.75) 5/161 (3.11) 
2 - 1 Infantry Battalion (King's Own Bodyguards) ���������������	 � ������������	 � �������������������  ( �.� ���.� ��.)  213 (16.86) 16/213 (7.51) 
3 - 1 Infantry Battalion (King's Own Bodyguards) ���������������	 � ������������	 � �������������������  ( �.� ���.� ��.)  152 (12.03) 11/152 (7.24) 
4 - 1 Infantry Battalion (King's Own Bodyguards) ���������������	 � ������������	 � ������������������� ( �.� ���.� ��.) 158 (12.51) 8/158 (5.06) 
1- 1 Antiaircraft Artillery Battalion (King's Guards)  ����������� �!�"#$#�%&'����()����	 � �������� �!�"#��	 � 
 ������������   ( �$�.���.� ��.) 77 (6.10) 3/77 (3.90) 
4th Antiaircraft  Artillery Battalion   ����������� �!�"#$#�%&'����()����	 �  ���������� �!�"#$#�%&'����()��   ( �$�.���.�   ��.�$�.)   59 (4.67) 2/59 (3.39) 
5th Antiaircraft  Artillery Battalion   ����������� �!�"#$#�%&'����()����	 *  ���������� �!�"#$#�%&'����()��   ( �$�.���.*  ��.�$�.)   100 (7.92) 18/100 (18.00) 
6th Antiaircraft  Artillery Battalion   ����������� �!�"#$#�%&'����()����	 +  ���������� �!�"#$#�%&'����()��   ( �$�.���.+   ��.�$�.)   76 (6.02) 3/76 (3.95) 
7th Antiaircraft  Artillery Battalion   ����������� �!�"#$#�%&'����()����	 ,  ���������� �!�"#$#�%&'����()��   ( �$�.���.,   ��.�$�.)   60 (4.75) 4/60 (6.67) 
13th Medical Battalion and 13th Signal Battalion   ( ��� %�.��  -��  %.���.��  ��.�$�. ) 63 (4.99) 7/63 (11.11) 

TOTAL 1,263 (100) 83/1,263 (6.57) 
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Table 4.5  There was a total of 157 stress fracture sites among 83 recruits. The different  
fracture sites was shown in table 4.3. The majority of fractures occurred in tibia (75.80%) 
especially tibial midshaft , 104 sites or 66.24%.    Table 4.5     Stress fracture sites among 83 recruits with stress fracture 

Site n Percentage TOTAL  PELVIS 0 0 
Pelvis, unspecified 0 0 
Pelvis, rami 0 0 
Pelvis, sacrum 0 0 

TOTAL  FEMUR 7 4.5 
Femur, neck o head 0 0 
Femur, proximal third 0 0 
Femur, mid third 6 3.8 
Femur, distal third 1 0.6 

TOTAL  TIBIA 119 75.8 
Tibia, unspecified 0 0 
Tibia, plateau 13 8.3 
Tibia, proximal third 0 0 
Tibia, mid third 104 66.2 
Tibia, distal third 2 1.3 

TOTAL  ANKLE  FOOT 30 19.1 
Total fibula, unspecified 12 7.6 
Ankle or foot, unspecified 2 1.3 
Calcaneus 10 6.4 
Tarsal navicular 6 3.8 

TOTAL  METATARSAL 1 0.6 
First metatarsal 1 0.6 
Second metatarsal 0 0 
Third metatarsal 0 0 
Fourth metatarsal 0 0 
Fifth metatarsal 0 0 
        TOTAL    FRACTURES 157 100  
 Table 4.6   displayed results from fitting a simple Cox7s regression model on risk factors. 
The recruits with low arch feet had a five times greater risk of stress fracture than those who 
were with normal arches. The recruits with a history of  fracture had the same greater risk of 
stress fracture then recruits with history of heavy smoking.  This was an almost two times greater 
risk. Army recruits in the lowest quartile (Q1) of SOS had a 2.5 times greater risk of stress 
fracture than did those in the highest quartile (Q4).  
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Table 4.6   Unadjusted  HR of  stress fracture for each time until stress fracture : Risk factor ; 
Simple Cox7s regression crude HR (95% CI) 
 
RISK  FACTORS Number of stress fracture 

Number of                          recruits 
Person-days of follow up 

Incidence rate /1,000 person-days 
HR (95%CI) p-value 

Foot morphology      
   Normal 60 964 51,855 1.16 1.00 - 
   Low arch 2 14 720 2.78 5.31 (1.27 , 22.29) 0.022 
   High  arch 6 63 3,510 1.71 0.68 (0.29 , 1.62) 0.387 
Dominant  leg      
   Left 8 139 7,379 1.08 1.00 - 
   Right 75 1,124 60,594 1.24 0.63 (0.29 , 1.33) 0.222 
Age     1.09 (0.93 , 1.29) 0.286 BMI (kg/m2)     1.01 (0.94 , 1.08) 0.753 
   < 18.5 8 141 7,510 1.06 1.86 (0.87 , 3.98) 0.112 
   18.5# 24.9 63 954 51,423 1.23 1.00 - 
   ≥25 12 163 8,795 1.36 1.09 (0.59 , 2.03) 0.780 
History of fracture      
   No 71 1,182 63,651 1.12 1.00 - 
   Yes 12 77 4,114 2.92 2.07 (1.11 , 3.84) 0.022 
Family history of osteoporosis     
   No 81 1,231 66,290 1.22 1.00     - 
   Yes 1 23 1,192 0.84 1.48 (0.20 , 10.73) 0.699 
Smoking       

No/Light (≤10 cig/day) 22 346 24,049 0.91 1.00 - 
Heavy (>10 cig/day) 61 814 43,763 1.39 1.44 (1.05 , 1.97) 0.022       
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Table 4.6   ( Cont.)  
RISK  FACTORS Number of stress fracture 

Number of           recruits 
Person-days of follow up 

Incidence rate /1,000 person-days 
HR (95%CI) p-value 

Alcohol (drinks/wk)       
No 5 117 6,322 0.79 1.00  
Light (≤10 drinks/wk) 37 542 29,140 1.27 1.12 (0.43 , 2.89) 0.821 
Heavy  (>10 drinks/wk) 41 599 32,244 1.27 1.44 (0.57 , 3.68) 0.440 Exercise       
No 22 244 13,242 1.66 1.53 (0.88 , 2.65) 0.130 
Light 30 403 21,745 1.38 1.19 (0.71 , 1.97) 0.510 
Heavy 31 614 32,880 0.94 1.00  

SOS (m/s)     1.90 (0.93 , 1.29) 0.005    < 1561 34 314 16,880 2.01 2.50 (1.31 , 4.79) 0.006 
   1561 - 1586 21 310 16,568 1.27 1.86 (0.92 , 3.74) 0.083 
   1587 - 1615 15 321 17,246 0.87 1.18 (0.56 , 2.49) 0.656 
   ≥1616 13 317 17,228 0.75 1.00  
BUA (dB/MHZ)    0.98 (0.96 , 0.99) 0.029 
   <118 27 272 14,831 1.82 2.61 (1.28 , 5.31) 0.008 
   118 - 126 19 318 16,832 1.13 2.32 (1.10 , 4.88) 0.026 
   127 - 135 24 296 16,003 1.50 2.35 (1.15 , 4.80) 0.019 
   > 135 13 376 20,256 0.64 1.00  T- score     0.82 (0.69 , 0.96) 0.013    >  - 1.0 58 1,057 56,840 1.02 1.00  
   - 2.5 to -1.0 24 199 10,801 2.22 1.57 (0.97 , 2.56) 0.067 
   < -2.5 1 6 281 3.56 10.13(1.37 , 74.89) 0.023 
Stiffness     0.98 (0.69 , 0.99) 0.004 
   < 97 29 286 15,462 1.88 2.29 (1.20 , 4.36) 0.012 
   97 - 108 24 329 17,572 1.37 2.14 (1.11 , 4.15) 0.024 
   109 - 120 14 308 16,443 0.85 1.55 (0.73 , 3.29) 0.252 
   >120 16 339 18,445 0.87 1.00   
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Table 4.6  showed HR (95%CI) for each quantitative risk factor.  After  univariate  
analysis , the significant variables were analyzed in multivariate analysis Table 4.7.  SOS was 
significantly related to the risk of stress fracture ( p<0.001).  The new army recruits in the lowest 
quartile (Q1) of SOS had a 3.4 times greater risk of stress fracture than did those in the highest 
quartile (Q4)(HR=3.42; 95% CI: 1.74,6.75). Heavy smoking recruits had a two times greater risk 
of stress fracture than did those in the No/Light  smoking group (p = 0.006 , HR =2.08; 95% CI: 
1.23,3.50) . The recruits with a fracture history had a two times greater risk of stress fracture 
than did those without  (HR = 2.20; 95% CI: 1.15,4.21 , p = 0.017)   Table 4.7   Result of multivariate analysis using Cox7s regression in comparison with univariate 
analysis 
 
RISK  FACTORS Univariate  Multivariate  Crude   HR (95% CI ) p-value  Adjusted HR (95%CI) p-value 

History of fracture      
    no  1.00 -  1.00 - 
    Yes 2.07 (1.11 , 3.84) 0.022  2.20(1.15 , 4.21) 0.017 Smoking      
No/Light 1.00 -  1.00 - 
Heavy  1.44 (1.05 , 1.97) 0.022  2.08 (1.23 , 3.50) 0.006 SOS   (Quartile)      

  Q1  (< 1561) 2.50 (1.31 , 4.79) 0.006  3.42 (1.74 , 6.75) <0.001 
  Q2  (1561 H 1586) 1.86 (0.92 , 3.74) 0.083  2.34 (1.13 , 4.84) 0.021 
  Q3  (1587 H 1615) 1.18 (0.56 , 2.49) 0.656  1.42 (0.67 , 3.04) 0.362 
  Q4  ( ≥ 1616) 1.00 -  1.00 - 
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Figure 4.10   showed the Hazard ratio of stress fracture. By  the 1st and 2nd  quartile of 
SOS, hazard ratios were significant  HR=3.42; 95%CI: 1.74 , 6.75 , p<0.001  and  HR=2.34; 
95%CI: 1.13 , 4.84 , p=0.021 respectively. 

                          Figure 4.10   HR of stress fracture by quartiles  of SOS 
 
Table 4.8  high risk subgroup analyses of stress fracture revealed that the new army 

recruits being heavy smokers  and SOS in 1st quartile had nearly a three  times greater risk of 
stress fracture than did those without smoking and the new army recruits with a history of 
fracture and SOS in 1st quartile and also being heavy smokers  had a four times greater risk of 
stress fracture than did those without. 

 

Table 4.8   Stress fracture in high risk subgroup 
 

 Subgroup Stress Fracture HR 95% CI p-value Fracture(%) No fracture(%) Lower Upper 
Others 60 (5.6) 1004 (94.4) 1.00    
SOS (Q1) + History of fracture + Heavy smoker 3 (20.0) 12 (80.0) 4.22 1.29 13.83 0.018 
SOS(Q1) + Heavy smoker 20 (11.0) 161 (89.0) 2.62 1.55 4.41 <0.001 
SOS(Q1) + History of fracture  0  (0.0) 3 (100.0) - - - -  
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CHAPTER V  DISCUSSION 
 

The objective of this present study was to determine the relationship between bone 
mineral density measured by calcaneal quantitative ultrasound and stress fracture. Usually 
calcaneal quantitative ultrasound is a device to measure bone mineral density to diagnosis 
osteopenia and osteoporosis by sending ultrasound waves through bone mass. The ultrasonic 
waves conduct through bone slowly in low bone density, so speed of sound is low in low bone 
density.  Vice versa, speed of sound is high in high bone density. Although the standard device 
for diagnosis of osteopenia or osteoporosis is dual energy x-ray absorptiometry (DEXA) , 
Quantitative ultrasound is still used as the screening tools due to small ,easy mobile , not 
expensive device. We can carry QUS to all military units to determine the difference of bone 
mineral density among recruits. Speed of sound or SOS is one of variables from quantitative 
ultrasound which is directly related to bone mineral density. Thus if we can find out whether SOS 
have relationship to stress fracture, we can use this relationship including high risk factors to 
predict stress fracture according to the study of Lauder et al(28) who presented the relation 
between stress fractures and bone mineral density. Result of the analysis discovered that SOS 
was significantly related to stress fracture (p<0.001). We can use this device to predict stress 
fracture along with high risk questionnaires. Joan et al(23) found that the combination of QUS 
measurement with evaluation of individual risk factors can identify recruits who are at the very 
highest risk of stress fracture. SOS was significantly related to the risk of stress fracture 
(p<0.000). The area under the ROC curve was 0.70.  The participants of Joan7s study were only 
female army recruits. 

We do not yet have a cut-off value for SOS to represent the level of bone mineral 
density. Using the ROC analysis, the area under the receiver operator characteristic curve of 
SOS  was only 61.05% (95% CI: 54.70,67.39).  The cut-off value that should be used to give 
optimal agreement with SOS value and stress fracture were shown in table 4.3 . We 
recommended to use optimal cut-off value of SOS at 1,560 m/s (<Q1 of SOS) which the accuracy was high 74.64% and specificity was high 77.10% but sensitivity was low 39.76%. So 
if we examine the physical fitness of new recruits , measure BMD with calcaneal QUS and apply 

 



 

 

the high risk questionnaire , we can identify the high risk group of  stress fracture in new recruits 
especially in the 1st and 2nd quartile of SOS. Both SOS Q1 and Q2 were significantly related to stress fracture by  Q1 SOS (<1561)  HR=3.42 ; 95% CI:1.74,6.75; p-value=<0.001 and  Q2 SOS (1561H1586) HR=2.34 ; 95% CI:1.13,4.84; p-value=0.021. The adapted basic military training 
program which is suitable for the high risk recruits should be applied, then the incidence rate 
will likely be decreased. From descriptive analyses, SOS of all recruits were distributed normally 
from minimum of 1,496 to maximum 1,767.  Mean of SOS   ( 1,591 m/s ) was nearly equal to 
median( 1,587 m/s ). On the first quartile of SOS (Q1) , stress fracture were found in many 
numbers and had significant relation to stress fracture (p<0.001). We can use cut-off value of 
SOS at less than 1586 m/s to represent low bone mineral density that is risk level for stress 
fracture. 
 This study was a prospective cohort study.  As the new incidence of stress fracture was 
collected and related to time, the suitable analysis was survival analysis. All recruits had the 
same time origin without stress fracture. They were followed to the event of stress fracture 
during basic military training period. During basic training , only two recruits were excluded due 
to suffering distal radius fracture and metatarsal fracture from traumatic accident. There was no 
case of loss follow-up.  83 recruits sustained stress fracture from 1,263 recruits. The cumulative 
incidence of stress fracture was 6.6% comparing to previous study(3),(22-25) 2 to 31% which were 
wide range of incidence. The causes of wide range of incidence may due to the difference 
between basic training course by duration and intensity  in different countries but the same 
causes to stress fracture in these studies were the strenuous exercise in running , walking and 
marching.  In contrast to the outstanding Israeli study(24),  which presented very high 31% 
incidence of stress fractures. The causes that might explain the high incidence of stress 
fractured is the type of basic training that some of the specific exercises have played a part in 
the incidence of stress fracture. In addition to specific exercise, the use of bone scan in every 
recruits suspected of having  stress fractures is different  from other studies including our study.  
The 6.6 % incidence of stress fracture in this study may be under estimated and should  be 
higher  due to negligence  of taking suspected recruits to hospital. Some of them received 
partial treatment from military medical staff. Most of military medical officers did not received 
pretraining lectures about stress fractures and cooperated with the researchers. They were not 
familiar and aware  of the existence of stress fractures.  
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 Time to incidence analysis should be presented by incidence rate or incidence density. 
Our study showed an incidence rate of stress freacture of 1.22 per 1000 person-days (95% 
CI:0.097,1.51). Following 100 recruits for 1 day period, stress fracture will be found about 12  
recruits. The median survival time was 90 days (95% CI:89.20,90.80) as shown figure 4.9 
Kaplan-Meier survival curve.  All 83-stress fracture recruits were distributed among 10 battalions 
in 3 H 18 %. The various battalions were  infantry , antiaircraft artillery, medical and signal 
battalions consisting of fighting and supporting units. 

The stress fracture sites were 157 sites from 83 recruits diagnosed stress fracture. The 
location of stress fracture in this study was mostly found on tibia (75%). Which  is different from 
some other studies mostly found on metatarsal bone and similar to some studies(24) as well. 
Study of Milgrom(24) showed stress fracture in tibial shaft 51.2% which is similar to  our study 
(66.2%).  The cause may be from rigorous running ,heavy marching which aggravate stress 
fracture on tibia. All military units , army recruits will have marching in front of  their commander 
at the end of basic military training course. The preparation of strong marching was necessary.   
 Risk factors of stress fracture are related to many factors such as bone mineral density , 
female gender, Caucasian ethnicity , foot morphology , aerobic fitness , training regimen , 
sporting actinities , smoking , alcohol consumption, steroid used.  However, most studies 
investigated the risk factors of stress fracture. There were few studies examined the association 
of BMD and stress fracture. Bennell et al(17) measured the BMD of lower leg  of female track and 
field athletes and found that athletes with stress fracture of tibia had lower BMD at the lower leg 
region than controls. Beck et al(20)  found in the study of U.S. Marine Corps recruits with DXA 
scans of lower legs at the beginning of a 12-week physical training program that BMD was 
lower in young military recruits who suffer stress fractures compare to their counterparts who did 
not fracture. Inversely, Giladi et al(27) found no difference between stress fracture and controls in 
bone mineral content of  tibia measured by single photon absorptiometry. 
 Numerous investigators(29,30) reported a strong relationship between BMD and smoking. 
In contradictory study of Shaffer et al(3), there were no relationship between smoking and stress 
fracture in 2,364 male recruits undergoing strenuous physical training. We found that heavy 
smoking and stress fracture are strongly associated with stress fracture both unadjusted and 
adjusted analysis. There were few nonsmoker recruits in our study. The association between 
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alcohol intake and stress fracture was less clear but in excessive alcohol intake and stress 
fracture were related in study of Clark K and Sowers M(31), Diamond T et al(32). 

Our study found that the risk factors related to stress fracture including; low SOS, heavy 
smoker and history of fracture. In the lowest quartile of SOS , recruits in this group had the 
highest likelihood of stress fracture. They had nearly 3.5 times greater risk of stress fracture than 
did those in the highest quartile of SOS ( HR=3.42; 95% CI: 1.74,6.75 ). The other significant 
factors related to stress fracture were the history of fracture, being heavy smoker and the risks 
were  history of fracture (HR=2.20; 95%CI: 1.15,4.21 ; p-value=0.017), heavy smoker (HR=2.08; 
95% CI: 1.23,3.50; p-value=0.006), respectively.  In subgroup analysis, the risk of stress 
fracture was increased in the first quartile of SOS recruits with heavy smoker   ( HR=2.62; 95% 
CI: 1.55,4.41) and those with being heavy smoker and history of fracture ( HR=4.22; 95% CI: 
1.29,13.83). 
 By univariate analysis, it is found that low arch of foot, having history of fracture, heavy 
smoking and all variables from QUS were associated with an increase risk of stress fracture. 
Then multivariate analysis was calculated and presented that having history of fracture , heavy 
smoking and 1st , 2nd quartile of SOS were significantly associated with an increase risk of stress 
fracture. In nearly 3.5 time , the recruits whose their SOS were in 1st quartile would increase risk 
factor of stress fracture  and  nearly 2.5 time in 2nd quartile, respectively.  

The major strength of this study is that it is prospective and has a large sample size and 
that it is the first study in Thailand.  The result may impact on military policy in basic military 
training. The weakness of this study was the reliability of reporting pain under report due to poor 
compliance of taking suspected recruits for investigation. Another weakness is  partial treatment 
of local tenderness prior to evaluation and diagnosis at the hospital. Thus, the reported 
incidence rate of stress fracture may be more than our results if military medical officer or 
trainers have pretraining lectures about existing stress fracture during basic training program. 

The limitation of this study is the inability to collect the time when symptoms began due 
to weakness of poor recall by recruits. The limitation of taking the local tenderness recruits to the 
hospital for x-ray examination or bone scintigraphy  was still the problem of this study in spite of 
closed follow-up physical examination at military units by researchers. 

Stress fracture is the outcome of repetitive force to the develop microfracture that 
weaken the bone. Usually stress fracture was found in military soldiers or athletes , marathon 
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runners or dancers. Stress fracture can be diagnosed by clinical local tenderness at bone, 
repeated radiograph, bone scan and MRI.  Stress fracture often found in soldiers, military 
orthopedists usually have experience of stress fracture among newly recruits. But some recruits 
may be misdiagnosed not to have stress fracture if the doctor was not believe of their clinical 
symptoms which may claimed to be malingering.  If new recruits have real local tenderness at 
bone, we recommend taking x-ray and to rest for a few weeks and give an appointment to follow 
up at clinical and repeat x-ray or bone scan. 
 In summary , this prospective study of 1,263 new male army recruits during basic 
military training documents stress fracture as a significant source of morbidity. Several risk 
factors were significantly  associated with subsequent occurrence of overall stress fracture, 
including low SOS measured by calcaneal quantitative ultrasound , heavy smoking, and prior 
fracture history. Presently, there are no tools to predict stress fracture . Although the size of 
problem for stress fracture is not so big, but the presentation of stress fracture in any military 
units will show the commander that those military units have little prevention of injury from basic 
training. All new army recruits should be suggested to have physical examination, measurement 
of calcaneal BMD by QUS and to identify risk factors of stress fracture before basic military 
training. If they had  SOS less than 1,586 m/s (2nd quartile of SOS) with history of fracture and 
heavy smoking,  they should be aware of stress fracture and should have adapted basic military 
training program. If all military units have this QUS to predict stress fracture including especial 
high risk questionnaire , the incidence of stress fracture should be likely decreased. 
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CHAPTER VI  CONCLUSION AND RECOMMENTATION  
 
In conclusion , the aim of this study was to determine the relationship between stress 

fracture and BMD measured by calcaneal quantitative ultrasound. This relationship is useful for 
identifying or predicting the new army recruits at high risk of stress fracture during basic military 
training. This is the first study that revealed the incidence of stress fracture in the new army 
recruits in Thai military soldiers.  Although there is still no cut-off value of SOS to predict high 
risk for stress fracture, the results showed that SOS of calcaneal quantitative ultrasound in the 
lowest quartile group (Q1) and 2nd quartile were significantly related to stress fracture. The risk 
factors related to stress fracture in this study were low SOS, heavy smoking and history of 
fracture. So, the risk of stress fracture in  new army recruits including history of fracture , heavy 
smoking  could be reduced by identification with high risk questionnaire, performing a focused 
physical examination and calcaneal QUS prior to basic military training. Basic military training of 
high risk recruits needs to be modified. 

In present, there are not any tools to predict stress fracture. Although the size of 
problem in stress fracture is not so much, but the presentation of stress fracture in any military 
units will show the commander that those military units have little prevention of injury from basic 
training.  The recruitment of new soldiers should have the recommendation in preparing of 
physical fitness , avoidance of smoking prior to basic military training and measurement of the 
strength of bone by calcaneal quantitative ultrasound for evaluating bone mineral density. The 
result of low SOS with high risk questionnaire can identify new recruits with high risk of stress 
fracture. This advantage of this study may impact the policy of basic military training program 
for new army recruits to reduce the incidence of stress fracture during basic military training.      
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