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Purpose: To characterize the incidence, location, grade, and pat-
terns of magnetic resonance (MR) imaging findings in the 
tibia in asymptomatic recruits before and after 4-month 
basic training and to investigate whether MR imaging 
parameters correlated with pretraining activity levels or 
with future symptomatic injury.

Materials and 
Methods:

This study was approved by three institutional review 
boards and was conducted in compliance with HIPAA re-
quirements. Volunteers were included in the study after 
they signed informed consent forms. MR imaging of the 
tibia of 55 men entering the Israeli Special Forces was 
performed on recruitment day and after basic training. 
Ten recruits who did not perform vigorous self-training 
prior to and during service served as control subjects. MR 
imaging studies in all recruits were evaluated for pres-
ence, type, length, and location of bone stress changes 
in the tibia. Anthropometric measurements and activity 
history data were collected. Relationships between bone 
stress changes, physical activity, and clinical findings and 
between lesion size and progression were analyzed.

Results: Bone stress changes were seen in 35 of 55 recruits (in 
26 recruits at time 0 and in nine recruits after basic 
training). Most bone stress changes consisted of endos-
teal marrow edema. Approximately 50% of bone stress 
changes occurred between the middle and distal thirds of 
the tibia. Lesion size at time 0 had significant correlation 
with progression. All endosteal findings smaller than 100 
mm resolved or did not change, while most findings larger 
than 100 mm progressed. Of 10 control subjects, one had 
bone stress changes at time 0, and one had bone stress 
changes at 4 months.

Conclusion: Most tibial bone stress changes occurred before basic 
training, were usually endosteal, occurred between the 
middle and distal thirds of the tibia, were smaller than 
100 mm, and did not progress. These findings are pre-
sumed to represent normal bone remodeling.
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review boards (of the Sheba Medical 
Center [the medical center where the 
MR imaging studies were performed] 
and the Israel Defense Forces) and 
by the Committee for Research and 
Human Subjects of the U.S. Army Re-
search Institute of Environmental Med-
icine. This study was compliant with 
the Health Insurance Portability and 
Accountability Act.

Activity History Assessment
The recruits completed a physical ac-
tivity questionnaire before training ini-
tiation that included questions on the 
type, frequency, and period of time they 
were involved in the activity. Outcome 
measures were aerobic endurance pe-
riod of training during the year prior 
to basic training (in months), number 
of practices weekly, and the duration of 
each practice (in minutes).

Anthropometry and Aerobic Capacity 
Assessment
The following measurements were per-
formed: Height (in centimeters) was 
measured by using a stadiometer, and 
weight (in kilograms) was measured 
by using a metric scale (610 g). Tibial 
length was measured by means of pal-
pation as the distance from the distal 
aspect of the medial malleolus to the 
proximal medial joint line. Maximal 
aerobic capacity (as maximum oxygen 
consumption [Vo2max]) was measured 

Gefen et al (21), Shabshin et al (22), 
and Shabshin and Schweitzer (23) also 
suggested that bone marrow–like sig-
nal in children can represent normal 
bone remodeling. Bone stress injuries 
are categorized at MR imaging into 
stress fractures and stress response or 
reaction with somewhat different im-
aging appearances (8).

Special Forces training programs 
are associated with both extremely 
demanding physical requirements and 
highly motivated recruits, who might 
downplay their symptoms (24). Owing 
to its high sensitivity and specificity, 
MR imaging could be used to obtain 
an objective status of suspected stress 
injuries both before and through the 
course of training. However, it is un-
clear whether bone stress changes at 
MR imaging reflect or predict clinically 
important stress injuries.

The purpose of this study was to 
characterize the incidence, location, 
grade, and patterns of MR imaging find-
ings in the tibia in a group of asymptom-
atic elite military recruits before and 
after completion of a 4-month training 
period and to investigate whether MR 
imaging parameters correlated with 
pretraining activity levels or with the fu-
ture development of symptomatic bone 
stress injury.

Materials and Methods

Subjects
Fifty-five young men (mean age, 18.6 
years; range, 17–21 years) entering Is-
raeli Special Forces basic training vol-
unteered to participate in this study. All 
volunteers were medically cleared by a 
physician prior to entering the training 
program and were eligible to partici-
pate in the study only after they signed 
a written informed consent form. This 
study was approved by two institutional 
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Advances in Knowledge

nn More than 60% of asymptomatic 
new recruits for Special Forces 
had stress changes in the tibia at 
MR imaging on induction day.

nn In most asymptomatic recruits 
undergoing vigorous physical ac-
tivity, stress changes of the 
bones had no clinical importance 
and did not progress; however, 
endosteal lesions larger than 100 
mm can progress and thus may 
reflect abnormal stress and 
deserve close clinical follow-up.

Implication for Patient Care

nn Asymptomatic bone marrow 
edema related to vigorous phys-
ical activity in military recruits 
may not require modification of 
training or other treatment.

Bone stress injuries, more spe-
cifically stress fractures, are the 
most common and potentially 

serious overuse injuries (1). They are 
seen in up to 30% of military recruits, 
are related to intensive training pro-
grams, and are thus most common in 
those training for elite forces (1). Most 
military-related stress injuries are lo-
cated in the tibia (2–4). These overuse 
injuries are associated with pain symp-
toms that require rest, thus resulting in 
loss of training days (5); however, they 
can also be asymptomatic (6–8).

Risk factors for stress injuries 
include lower bone biomechanical 
strength (3,9), muscle weakness, calo-
ric restriction, lower bone density, leg 
length, race, tobacco and alcohol use, 
and a sedentary lifestyle before training 
(10,11). Although most study results in-
dicate that a greater level of preinduc-
tion activity results in a lower risk of 
developing stress injuries (12–14), this 
is not universally accepted (15,16).

In recent years, magnetic resonance 
(MR) imaging has been considered the 
most sensitive and specific imaging mo-
dality for the diagnosis of early stress 
injuries (17,18). However, it is believed 
that MR imaging may be too sensitive 
and may result in overdiagnosis, espe-
cially in asymptomatic patients. Berg-
man et al (6) and Lazzarini et al (19) 
reported that bone marrow edema–
like signal can be seen in the feet and 
ankles at MR imaging in asymptom-
atic runners and ballet dancers. Sch-
weitzer and White (20) showed that 
remodeling is an edematous process. 
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underwent the same protocol as the 
study group.

Statistical Analysis
For each time point, 0 and 4 months, 
subjects were classified into two groups: 
those with tibia bone stress changes at 
MR imaging (eg, periosteal reaction, 
endosteal or patchy bone marrow 
edema) and those with negative MR 
imaging findings (healthy subjects). 
For all outcome measures, data were 
presented as means 6 standard devia-
tion. Because the data distribution was 
not normal, a nonparametric Mann-
Whitney test was used to detect differ-
ences between the groups. The x2 test 
was used to detect differences in clin-
ical stress injury occurrence between 
subjects with and those without bone 
stress changes. The Spearman non-
parametric correlation test was used to 
detect correlation between lesion size 
and progression, and the Spearman 
coefficient (ρ) was used for correlation 
strength. Differences between means 
and correlations were considered to be 
significant if P , .05. Statistical soft-
ware (SPSS, version 19.0; SPSS, Chi-
cago, Ill) was used.

Results

Pre–Basic Training Analysis
Study group.—Of 55 recruits, 26 had 
tibial bone stress changes at MR im-
aging (bone stress changes at time 0), 
and 29 had no bone stress changes 
(normal findings at time 0). Of the 26 
recruits with bone stress changes, 12 
had bilateral findings. In 11 of these 
recruits, the bilateral findings were 
approximately symmetric in pattern, 
measurement, and location; in the re-
maining recruit, the bilateral findings 
were symmetric in pattern and loca-
tion but not in size. Mean age, height, 
weight, tibial length, and Vo2max did 
not significantly differ between recruits 
with bone stress changes and those 
with normal findings at time 0: 18.5 
years 6 0.8 (standard deviation) ver-
sus18.7 years 6 0.8 (P = .27), 178 cm 
6 5 versus 177 cm 6 6 (P = .99), 72 kg 
6 6.0 versus 70.3 kg 6 7.7 (P = .36), 

or reaction only was given a grade of 
I; bone marrow edema on T2-weighted 
fat-suppressed images, a grade of II; 
high signal intensity in the marrow on 
T2-weighted fat-suppressed images and 
low signal intensity in the marrow on 
gradient-echo T1-weighted images, a 
grade of III; and a fracture line, a grade 
of IV. Bone marrow edema patterns 
were classified as endosteal (linear con-
tinuous high signal intensity along the 
endosteum) or patchy (cloudlike and 
amorphous with indistinct margins). 
Lesion length was measured for endos-
teal marrow edema. Because areas of 
patchy marrow edema demonstrated 
indistinct margins and discontinuity, 
their length was not measured. Loca-
tion of the findings within the tibia was 
assigned to proximal, middle, and distal 
thirds. When findings were bilateral, 
they were analyzed for symmetry of 
pattern, measurements, and location.

For evaluation of the natural course 
of bone stress change development, the 
MR imaging results were not reported 
to the orthopedic surgeons or to com-
manders. Thus, physical activity was not 
modified on the basis of the MR imaging 
results, even if they were positive. Mod-
ification of activity was based on clinical 
symptoms only and according to the Is-
rael Defense Forces protocol (25).

Biweekly Physician Follow-up
As part of the study, recruits underwent 
a targeted physical examination per-
formed by two orthopedic surgeons who 
had specific subspecialty experience in 
stress fractures (25) and who were blind-
ed to the MR imaging results. Diagnosis 
of clinically suspected stress fractures 
was confirmed with radiography (corti-
cal thickening, presence of fracture line) 
or scintigraphy (dimension, extension, 
and concentration of tracer yielding a 
stress fracture grade of I–IV), as part of 
the recruits’ medical care, unrelated to 
their study involvement (25,26).

Control Group
A group of 10 recruits who did not 
perform vigorous self-training prior to 
recruitment or during their non–phys-
ically demanding basic training pro-
gram comprised the control group and 

on a treadmill connected to a meta-
bolic cart (Sensormedics, San Diego, 
Calif).

MR Imaging
The subjects’ tibiae were imaged with 
MR imaging on the day of recruit-
ment (time 0) and after 4 months of 
basic training (time 4). At each time 
point, the subjects underwent imag-
ing of the tibia as follows: Vitamin 
E markers were adhered to the skin 
on the interface between the proxi-
mal and middle thirds and between 
the middle and distal thirds of the 
calf (approximately at 33% and 66% 
of tibial length). Both tibiae were  
imaged with a 0.5-T MR imaging unit 
(Signa SP; GE Medical Systems, Mil-
waukee, Wis) or a 3.0-T MR imaging 
unit (Signa HDxt; GE Medical Systems) 
and a flex coil, with subjects in the su-
pine position. Sequences included co-
ronal and axial short inversion time 
inversion-recovery (STIR) sequences 
(repetition time msec/echo time msec, 
2400–6300/42–57; inversion time 
msec, 130–180) and coronal gradient-
echo in- and out-of-phase sequences 
(repetition time, 90–185 msec; flip 
angle, 90°; out-of-phase and in-phase 
echo times at 3.0 T, 2.4 and 4.7–4.8 
msec, respectively; out-of-phase and 
in-phase echo times at 0.5 T, 7.1 and 
14.2 msec, respectively). The section 
thickness was 4–5 mm, and the field 
of view was 250–350 mm. The in-
phase images were T1-weighted and 
could potentially demonstrate fracture 
lines. The combination of in- and out-
of-phase images could aid in problem 
solving with incidental findings.

The MR images were independently 
evaluated by two musculoskeletal radi-
ologists (N.S. and M.E.S., with 7 and 
20 years of experience, respectively) 
who were blinded to clinical symptoms, 
level of physical activity, physical exam-
ination results, anthropometry findings, 
and aerobic capacity. If there was a dis-
agreement, the evaluation was reached in 
consensus.

The MR images were evaluated for 
the grade of stress reaction according 
to the grading system of Fredericson 
et al (8) as follows: Periosteal edema 
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lengths ranging between 50 and 110 
mm. Notably, all recruits in both the 
group with bone stress changes and 
the group without bone stress changes 
at time 0.

Activity history results are present-
ed in Table 2. In general, most of the 
recruits’ training consisted of aerobic 
endurance activities (running). No sta-
tistically significant differences were 
observed between the recruits with 
bone stress changes and those with 
normal findings at time 0 in terms of 
training period, number of practices 
weekly, number of aerobic practices 
weekly, or the duration of aerobic 
training prior to induction.

Control subjects.—Of 10 control 
subjects, one had bone stress changes 
at time 0 (grade II). These changes 
were seen as endosteal areas of mar-
row edema at the junction between the 
proximal and middle thirds of the tibia 
and at the junction between the middle 
and distal thirds of the tibia. Mean age, 
height, weight, tibial length, and Vo-

2max in this group were 18 years 6 0.3, 
175 cm 6 6.3, 70 kg 6 12, 429 mm 6 
19, and 47 mL·min21·kg21 6 8, respec-
tively. Their activity history assessment 
results were as follows: 3 months 6 2 of 
training prior to enrollment, with 2 6 1 
practices weekly.

Post–Basic Training Analysis
After 4 months of basic training, bone 
stress changes were seen in 27 of 55 
recruits (bone stress changes at 4 
months). All changes were Fredricson 
grade II. Among the 27 bone stress 
changes, 18 were observed in recruits 
at the pre–basic training time point, 
and nine were newly discovered af-
ter basic training. Endosteal edema 
was seen in 23 of 27 recruits, patchy 
bone marrow edema was seen in nine 
recruits, and periosteal reaction was 
seen in one recruit (Fig 4). Six of the 
bone stress changes at 4 months had 
more than one pattern: five consisted 
of patchy and endosteal edema, and 
one showed endosteal and periosteal 
changes.

Most bone stress changes were 
seen in the middle third of the tibia, 
usually close to the junction between 

(Figs 1–3). The location and size of 
the endosteal bone stress changes in 
the 21 tibiae of the 20 recruits (one 
patient had bilateral endosteal asym-
metric findings) are summarized in 
Table 1. Most changes were located in 
the middle third of the tibia, and their 
length ranged between 3 and 150 mm. 
Most patchy bone stress changes were 
located in the metaphysis, epiphysis, 
and metadiaphysis. The three perios-
teal bone stress changes were located 
in the middle third of the tibia, with 

427 mm 6 20 versus 434 mm 6 24 
(P = .31), and 55.8 mL·min21·kg21 6 
5.8 versus 54.6 mL·min21·kg21 6 7.0 
(P = .16), respectively. In the group of 
26 recruits with bone stress changes 
at time 0, 25 recruits had a grade II 
stress response at MR imaging and 
one had a grade I stress response, 20 
recruits had endosteal marrow edema, 
five recruits had patchy bone marrow 
edema (two recruits had both endos-
teal and patchy marrow edema), and 
three recruits had periosteal reaction 

Figure 1

Figure 1:  Coronal STIR MR images (2420/34; section thickness, 5 mm; field of view, 350 mm) of the legs 
of an asymptomatic recruit. A, At time 0, the marrow shows normal signal intensity. B, At 4 months, right 
endosteal marrow edema (arrows) has developed.

Figure 2

Figure 2:  Axial STIR MR images (5000/41; section thickness, 5 mm) at the 
level of the midcalf show subtle periosteal reaction surrounding the right tibia 
(arrows), seen as an area of thin circumferential hyperintensity consistent with a 
grade I stress reaction. 
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no significant differences in clinical 
stress injury occurrence between the 
group with bone stress changes at time 
0 and the group with normal findings 
at time 0 (x2 = 1.6, P = .2). Further  
analysis revealed that clinical stress in-
juries were diagnosed as grade II in the 
group with bone stress changes at time 
0 as follows: four of 20 recruits with 
endosteal reaction, one of five recruits 
with patchy bone marrow edema, one 
of two recruits with both patchy and 
endosteal edema, and no recruits with 
periosteal reaction.

Bone stress changes occurred in two 
of 10 control subjects. The single case 
of marrow edema (grade II) at time 0 
resolved in the proximal area and was 
unchanged in the distal area. There was 

the middle third of the tibia and one 
with periosteal changes. In all four re-
cruits, the length of the finding was 100 
mm or greater. Bone stress changes 
smaller than 100 mm were unchanged, 
decreased, or resolved (except in one 
recruit who also had progressing con-
tralateral bone stress changes). The 
Spearman correlation test showed sig-
nificant correlation (ρ = 0.52, P = .015) 
between endosteal lesion size at time 
0 and progression at 4-month follow-up 
MR imaging.

Correlation with Development of 
Symptomatic Bone Stress Injury
During the 4-month basic training, 
clinical stress injury developed in six 
of the 26 recruits with bone stress 
changes at time 0 (confirmed in five 
recruits clinically and in one recruit 
with scintigraphy) and in three of the 
29 recruits with normal findings at 
time 0 (confirmed in one recruit clin-
ically and in two recruits with scintig-
raphy). However, x2 analysis showed 

the middle and distal thirds at both 
time points, 0 and 4 months (Fig 5). 
In 16 of 18 recruits with bone stress 
changes at both time points, the loca-
tion was unchanged. In one recruit, 
the location changed from the junction 
of the proximal and middle thirds of 
the tibia to the junction of the middle 
and distal thirds of the tibia, and in 
another, the opposite location change 
occurred. No significant differences 
were observed between recruits with 
bone stress changes at 4 months and 
recruits with normal findings at 4 
months in anthropometric measures 
or in maximal aerobic capacity values.

Results of 4-month Follow-up of Bone 
Stress Changes at Time 0
Eight of 26 recruits who had positive 
results at time 0 showed full resolution 
of the findings at MR imaging. The re-
sults of the follow-up of the endosteal 
findings are shown in Table 1. Four re-
cruits experienced progression: three 
with endosteal bone stress changes in 

Figure 3

Figure 3:  Coronal STIR MR image (2420/34; inversion time msec, 
130; field of view, 250 mm) shows grade II stress reaction. There is 
a patchy area of bone marrow edema in the left tibia (arrows) that is 
amorphous and cloudlike.

Table 1

The Distribution of Location, Size, and 
Outcome of Endosteal Bone Marrow 
Changes

Baseline  
Location and  
Size (mm)

Four Months after  
Basic Training

Size (mm) Outcome

Proximal
  ... ... ...
Middle
  150 160 Progressed
  116 92 Decreased
  102 111 Progressed
  100 100 Unchanged
  100* 105 Progressed
  97 15 Decreased
  91 3 Decreased
  76 10 Decreased
  50 50 Unchanged
  50* 75 Progressed
  22 22 Unchanged
  18 10 Decreased
  14 0 Resolved
  11 0 Resolved
  11 9 Resolved
  9 0 Resolved
  7 0 Resolved
  6 0 Resolved
  3 0 Resolved
  3 0 Resolved
Distal
  6 0 Resolved

* Bilateral findings in same patient.
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stress injury. These results suggest that 
the MR imaging findings may represent 
normal bone remodeling rather than a 
pathologic process and do not require 
training modification. The most com-
mon type of bone abnormality at MR 
imaging was endosteal marrow edema, 
suggesting that it may reflect normal 
bone turnover. This is compatible with 
Wolff’s law: Normal bones change their 
morphology as a response to mechan-
ical strain. The changes occur first in 
the bony trabecula, followed by cortical 
thickening (27). This is also supported 
by studies (28) that show tibial cortical 
thickening and shrinkage of the med-
ullary canal in teenagers as a result of 
endosteal bone formation induced by 
physical training. However, we found 
no reports on the histologic features of 
normal remodeling.

We did find a significant correlation 
between the length of the endosteal 
bone stress changes and MR imaging 
progression at follow-up: Endosteal le-
sions larger than 100 mm had a higher 
rate of progression than lesions smaller 
than 100 mm. Assuming that some of 
the overmotivated recruits did not re-
port pain and others did not yet de-
velop symptoms, close clinical follow-up 
should be considered.

Although small lesions (of a few 
millimeters) may not comport with 
typical “stress reactions,” as under-
stood by practicing radiologists, for the 
purpose of this study, any lesion that 
demonstrated high signal intensity and 
was not a blood vessel was included 
in the analysis, as it may represent an 
early stress response in asymptomatic 
recruits.

Half of the recruits had bone stress 
changes at the time of recruitment. Sim-
ilar or higher bone stress change rates 
at MR imaging have been reported pre-
viously in asymptomatic active athletes 
(6,19). Typically, a high fitness level is 
required for acceptance to elite combat 
units. The highly motivated recruits of-
ten self-train intensively, as depicted by 
their activity history assessment results 
(Table 2). The low rates of bone stress 
changes in the control subjects on the 
day of induction are not surprising, as 
they were not motivated to comply with 

parameters correlated with the pre-
training activity levels or the future de-
velopment of symptoms. It was found 
that asymptomatic bone stress changes 
did not predict development of clinical 
symptoms during the 4-month training 
period. Also, there was no prognostic 
correlation between a finding of bone 
stress changes at time 0 and clinical 

one recruit who developed patchy mar-
row edema (grade II) at the proximal 
tibia epiphysis-metaphysis junction.

Discussion

This study investigated the incidence, 
location, grade, and pattern of bone 
stress changes and whether MR imaging 

Figure 4

Figure 4:  Graph shows incidence of the different MR imaging 
patterns of bone stress changes—endosteal marrow edema, 
patchy marrow edema, and periosteal reactions—at time point 
0 (before basic training) and after 4 months of basic training.

Table 2

Activity History for Recruits with Bone Stress Changes on Recruitment Day and 
Recruits with Normal Findings

Activity History
Recruits with Normal  
Findings (n = 29)

Recruits with Bone  
Stress Changes (n = 26)

Training period in past year (mo) 6.7 6 4.5 (5.0, 8.4) 8.1 6 4.4 (6.3, 9.9)
No. of practices per week 2.8 6 1.0 (2.4, 3.2) 2.9 6 0.6 (2.6, 3.1)
No. of aerobic training exercises per week 2.8 6 1.2 (2.3, 3.2) 2.5 6 0.8 (2.2, 2.9)
Aerobic training duration (min) 38.3 6 17.1 (31.6, 45.1) 35.0 6 11.9 (30.1, 39.9)

Note. —Data are means 6 standard deviations, with 95% confidence intervals in parentheses.
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program causes less strain than has 
been thought, probably owing to the 
controlled gradual increased intensity. 
Of note, in other combat units, the rate 
of clinical stress fractures is between 
5% and 30% (1,30).

Surprisingly, there was a paucity 
of periosteal findings. Because perios-
teal reaction is given a grade of I in the 
Fredericson scoring system, we would 
expect to see more periosteal reactions 
in addition to the marrow edema of 
the subects with grade II findings (8). 
The difference between our results and 
those of Fredericson et al might be due 
to the difference in the nature of our 
populations: We imaged only asymp-
tomatic trainees. Moreover, it is un-
likely that the imaging technique is the 
source of the difference in periosteal 
reaction incidence.

There were limitations to the study. 
Although the population group included 
55 recruits, only nine developed clinical 
stress injuries. Although we found a two-
fold incidence of clinical stress injuries 
in the group with bone stress changes, 
it was not statistically significant, either 
as a result of the small sample size or 
because MR imaging changes truly do 
not predict clinical stress injuries. The 
second limitation was a possible bias 
in the presence of symptoms, because 
these overmotivated recruits may dis-
simulate. Another limitation is the lack 
of histopathologic examination to prove 
that areas of hyperintense marrow 
were consistent with bone remodeling; 
however, it would be unethical to per-
form biopsy in asymptomatic patients.

In conclusion, there was a high rate 
of bone stress changes at MR imag-
ing in highly motivated asymptomatic 
recruits on the day of recruitment. 
These changes were located mostly in 
the distal middle third of the tibia and 
mainly consisted of endosteal marrow 
edema. MR imaging findings unaccom-
panied by symptoms do not predict de-
velopment of clinical stress injury and 
probably do not require modification 
of training, as long as recruits remain 
asymptomatic. Endosteal lesions larger 
than 100 mm may reflect early abnor-
mal stress and deserve a close clinical 
follow-up. The clinical importance of 

the candidates, preferably early enough 
(years prior to recruitment) might lead 
to adaptation of the recruits’ legs, with 
a resultant decrease in the rates of clin-
ical stress fractures.

At both time points, no grade III 
or IV findings were seen. This is sup-
ported by the absence of symptoms in 
our population. Probably, as previously 
discussed, these areas of bone stress 
changes reflect normal bone remodel-
ing, which we believe rarely exceeds 
grade II. Bergman et al (6) also found 
that findings in asymptomatic runners 
did not exceed grade II except in two 
runners, who had grade III findings. In 
both studies, none of the asymptomatic 
subjects had grade IV findings.

During the 4-month basic train-
ing, fewer recruits developed new 
bone stress changes as compared with 
baseline, and the overall rate of bone 
stress changes was unchanged through-
out the 4-month basic training. These 
findings suggest that the basic training 

high physical demands. Self-training 
prior to basic training consisted mainly 
of running, and the subjects were 
physically fit, as demonstrated by their 
Vo2max. The results of our study could 
not point to significant differences in 
activity prior to induction between re-
cruits with bone stress changes and 
recruits with normal findings. A study 
performed in 392 Israel Defense Forces 
elite recruits (29) reported significantly 
lower rates of stress fractures among 
recruits who performed high strain 
and strain rate activities (eg, basket-
ball) prior to induction compared with 
their counterparts who performed only 
running. Our study showed that self-
training, consisting mainly of running, 
was not protective and could potentially 
contribute to the development of bone 
stress changes. Further research in this 
direction might lead to better under-
standing of preinduction bone condi-
tioning. Development of new training 
programs and distributions of those to 

Figure 5

Figure 5:  Graph shows the location distribution of bone stress changes along the tibia 
(proximal = 66%–100% of tibial length measured from the medial malleolus proximally, middle 
= 33%–66% of tibial length, distal = 0%–33% of tibial length) at time 0 (before basic training) 
and after 4 months of basic training.
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asymptomatic progressing lesions seen 
at follow-up MR imaging should be fur-
ther investigated.
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