
Femoral neck stress fractures (FNSFs) are rare, represent-
ing 5% of all stress fractures, and they are most prevalent 
among runners and military recruits.1,2) Despite the rar-
ity, they have the potential to be one of the most serious 
injuries; if left untreated, subsequent fracture propagation 
and displacement increase the risk of avascular necrosis 
of the femoral head, nonunion, and osteoarthritis.3-5) To 
avoid misdiagnosis or delayed diagnosis, strong clinical 
suspicion and awareness of these injuries are of paramount 

importance.4,6)

FNSFs may occur along the medial or lateral mar-
gin of the neck, and their management is guided by the 
location and extent of the fracture.7,8) Stress fractures 
restricted to the superior surface of the femoral neck are 
termed tension-type fractures, while those restricted to the 
inferior surface are termed compression-type fractures. 
Tension-type fractures are potentially unstable and liable 
to displace without surgical fixation. Compression-type 
fractures, on the other hand, are mechanically stable and 
generally treated conservatively with non-weight-bearing 
and frequent radiographic follow-ups.5,9)

In South Korea, at the age of 18 years, all men be-
come liable for compulsory military service for 22 months. 
They receive basic training during the initial 2 months of 
their service, during which high fitness levels are required. 
Individuals with poor physical conditioning or undiag-
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nosed preexisting injuries exhibit worsening of their con-
dition due to training and comprise the at-risk population 
for FNSFs.9-11) There are only a few studies on FNSFs, and 
most of these are case reports. To our knowledge, there is 
no case series involving South Korean military recruits.12,13)

Accordingly, the aim of this study was to investigate 
and describe the clinical presentation (fracture pattern, bilat-
erality, and other concomitant lesions), clinical course, and 
prognosis of FNSFs in South Korean male military recruits. 

METHODS

Study Population and Diagnosis
The design and protocol of this retrospective study were 
approved by the Institutional Review Board (IRB No.  
AFCH-20-IRB-013), and the need to obtain informed 
consent was waived. In total, 12 young, South Korean male 
military recruits who underwent treatment for FNSFs be-
tween May 2015 and October 2019 at The Armed Forces 
Capital Hospital, South Korea, were included (Table 1). 
All patients were interviewed in order to collect pertinent 
data, including their physical activity levels, onset and du-
ration of symptoms, trauma history, predisposing factors, 
and previous treatments. In all patients, bone scintigraphy 
was performed to identify any other stress fracture. Bilat-
eral 3.0-T magnetic resonance imaging (MRI) of the hips 
was performed, and FNSFs were considered when marrow 
edema involving the femoral neck was observed on MRI 
in cases with negative findings in plain radiography.14) 
All prospectively collected images were retrospectively 
reviewed in consensus by 2 orthopedic surgeons with 15 
(BHY) or 40 years of experience (HKY), in the diagnosis 
and treatment of femoral neck fractures.

Classification and Treatment Plan
We categorized patients into 4 groups according to the 
Fullerton & Snowdy classification:15) type I, fracture on the 
tension side of the femoral neck; type II, fracture on the 
compression side of the femoral neck; type III, displaced 
fracture; and type IV, atypical, superiorly based, incom-
plete tension-type fracture. Fractures in the 4th category, 
added by Provencher, are routinely absent on plain radio-
graphs and present on MRI.16)

The treatment of FNSFs was planned according to 
the location and extent of the fracture. According to previ-
ous reports, conservative treatment was planned for type II 
(incomplete compression < 50% of the femoral neck width) 
and type IV fractures, while surgery was planned for type I 
(tension-type fractures), type II (incomplete compression 
> 50% of the femoral neck width), and type III fractures. 

All internal fixations were performed using multiple can-
nulated screws or dynamic hip screws (DHSs) with a stan-
dard basic technique.17) After DHS fixation, an additional 
cannulated screw was inserted to prevent rotation.18)

For conservatively managed cases, restricted weight- 
bearing with crutches was allowed until the pain complete-
ly resolved; this normally takes between 6 and 8 weeks. 
Subsequently, weight-bearing on the injured side was 
gradually increased from non-weight-bearing to toe-touch 
weight-bearing to partial weight-bearing, depending on 
the degree of pain. For operated cases, non-weight-bearing 
or toe-touch weight-bearing with crutches was maintained 
for 4 weeks, followed by partial weight-bearing with 
crutches for further 6 weeks. In all cases, regular follow-
up radiographs were obtained for determination of union 
and any other changes. As a guide, radiographs should be 
obtained weekly for the first 4 weeks, every 2 weeks for the 
next 4 weeks, and every 4 weeks for the next 8 weeks.

Outcomes and Statistical Analysis
We identified the anthropometric characteristics and con-
figurations of the fractures as well as other concomitant 
stress fractures. The clinical course was ascertained by as-
sessment of the duration between enlistment and fracture 
diagnosis, duration of pain before the patient visited the 
clinic, and union time and rate. Descriptive statistics are 
reported as median and range for continuous variables and 
total number and percentage for discrete variables by us-
ing Excel version 2016 (Microsoft, Redmond, WA, USA).

RESULTS

All patients were healthy military recruits with no remark-
able history of disease or treatment with medication. Four 
patients (33.3%) exhibited bilateral fractures; thus, 16 hips 
of 12 patients were analyzed. All 4 patients diagnosed with 
bilateral fractures complained of unilateral hip pain and 
were later found to have an asymptomatic FNSF in the con-
tralateral hip. Only 6 of the 16 (37.5%) hips were diagnosed 
on initial X-rays, and all FNFSs were confirmed by MRI (Fig. 
1). The median age of the patients at the first hip fracture 
was 20 years (range, 18–22 years), and the median body 
mass index was 23.9 kg/m2 (range, 19.9–29.3 kg/m2).

The median duration between endurance train-
ing and the development of hip pain was 5 weeks (range, 
1 week–6 months). The median duration of pain before 
the patient sought medical attention was 3 weeks (range, 
1 day–3 months). Three of the 12 (25%) patients were 
subsequently diagnosed with stress fractures involving the 
proximal tibia by bone scanning.



26

Yoon et al. Femoral Neck Stress Fractures in Military Recruits
Clinics in Orthopedic Surgery • Vol. 13, No. 1, 2021 • www.ecios.org

Ta
bl

e 
1.

 D
em

og
ra

ph
ic

 C
ha

ra
ct

er
is

tic
s 

of
 S

ou
th

 K
or

ea
n 

M
ili

ta
ry

 R
ec

ru
its

 Tr
ea

te
d 

fo
r F

em
or

al
 N

ec
k 

St
re

ss
 F

ra
ct

ur
es

N
o.

Se
x/

ag
e 

 
(y

r)
BM

I
(k

g/
m

2 )
Fo

llo
w

-u
p 

 
du

ra
tio

n 
 

(m
o)

Si
te

Fr
ac

tu
re

 ty
pe

Fu
lle

rto
n 

&
 

Sn
ow

dy
Du

ra
tio

n 
fro

m
 

ad
m

is
si

on
 to

 p
ai

n 
de

ve
lo

pm
en

t

Ti
m

e 
fro

m
 p

ai
n 

de
ve

lo
pm

en
t t

o 
 

cl
in

ic
 v

is
it 

In
iti

al
 

ra
di

og
ra

ph
ic

 
re

su
lt

Co
nc

om
ita

nt
 s

tre
ss

 
fra

ct
ur

e
Su

rg
ic

al
 

tre
at

m
en

t

1
M

al
e/

19
22

.5
13

Ri
gh

t
Co

m
pr

es
si

on
/ 

in
co

m
pl

et
e

Ty
pe

 2
Un

kn
ow

n
2 

w
k

N
eg

at
iv

e
Bo

th
 p

ro
xi

m
al

 ti
bi

a
IF

 u
si

ng
 M

CS

2
M

al
e 

/2
0

24
.5

6
Le

ft
Te

ns
io

n/
in

co
m

pl
et

e
Ty

pe
 4

2 
w

k
6 

w
k

N
eg

at
iv

e
N

on
e

N
on

e

3
M

al
e 

/2
1

22
.2

12
Ri

gh
t

Co
m

pr
es

si
on

/ 
in

co
m

pl
et

e
Ty

pe
 2

4 
w

k
1 

da
y

N
eg

at
iv

e
N

on
e

IF
 u

si
ng

 M
CS

4
M

al
e 

/2
0

21
.7

9
Le

ft
Co

m
pr

es
si

on
/ 

co
m

pl
et

e
Ty

pe
 2

5 
w

k
1 

w
k

Po
si

tiv
e

N
on

e
N

on
e

5
M

al
e 

/2
0

23
.9

6
Ri

gh
t

Co
m

pr
es

si
on

/ 
in

co
m

pl
et

e
Ty

pe
 2

6 
w

k
1 

w
k

N
eg

at
iv

e
N

on
e

N
on

e

6
M

al
e 

/2
0

19
.9

16
Le

ft
Co

m
pr

es
si

on
/ 

co
m

pl
et

e
Ty

pe
 2

2 
w

k
3 

w
k

Po
si

tiv
e

N
on

e
IF

 u
si

ng
 M

CS

7
M

al
e 

/1
9

24
.9

13
Ri

gh
t

Co
m

pr
es

si
on

/ 
co

m
pl

et
e

Ty
pe

 2
4 

w
k

4 
w

k
Po

si
tiv

e
N

on
e

IF
 u

si
ng

 M
CS

8
M

al
e 

/2
0

26
.1

6
Ri

gh
t

Co
m

pr
es

si
on

/ 
in

co
m

pl
et

e
Ty

pe
 2

6 
m

o
8 

w
k

N
eg

at
iv

e
Le

ft 
pr

ox
im

al
 ti

bi
a 

N
on

e

Le
ft

Co
m

pr
es

si
on

/ 
in

co
m

pl
et

e
Ty

pe
 2

N
eg

at
iv

e
N

on
e

9
M

al
e 

/1
9

28
.7

14
Ri

gh
t

Co
m

pr
es

si
on

/ 
in

co
m

pl
et

e
Ty

pe
 2

Un
kn

ow
n

8 
w

k
N

eg
at

iv
e

Le
ft 

pr
ox

im
al

 ti
bi

a 
an

d 
fib

ul
a 

N
on

e

Le
ft

Co
m

pr
es

si
on

/ 
co

m
pl

et
e

Ty
pe

 2
N

eg
at

iv
e

IF
 u

si
ng

 M
CS

10
M

al
e 

/2
0

29
.3

7
Ri

gh
t

Co
m

pr
es

si
on

/ 
in

co
m

pl
et

e
Ty

pe
 2

1 
w

k
3 

da
y

N
eg

at
iv

e
N

on
e

IF
 u

si
ng

 D
HS

Le
ft

Co
m

pr
es

si
on

/ 
di

sp
la

ce
d

Ty
pe

 3
Po

si
tiv

e
IF

 u
si

ng
 D

HS

11
M

al
e 

/1
8

20
.2

6
Ri

gh
t

Co
m

pr
es

si
on

/ 
in

co
m

pl
et

e
Ty

pe
 2

3 
w

k
8 

w
k

Po
si

tiv
e

N
on

e
N

on
e

Le
ft

Co
m

pr
es

si
on

/ 
co

m
pl

et
e

Ty
pe

 2
Po

si
tiv

e
IF

 u
si

ng
 M

CS

12
M

al
e 

/2
0

23
.7

6
Le

ft
Te

ns
io

n/
in

co
m

pl
et

e
Ty

pe
 4

8 
w

k
12

 w
k

N
eg

at
iv

e
N

on
e

N
on

e

BM
I: 

bo
dy

 m
as

s 
in

de
x,

 IF
: i

nt
er

na
l f

ix
at

io
n,

 M
CS

: m
ul

tip
le

 c
an

nu
la

te
d 

sc
re

w
s,

 D
HS

: d
yn

am
ic

 h
ip

 s
cr

ew
.



27

Yoon et al. Femoral Neck Stress Fractures in Military Recruits
Clinics in Orthopedic Surgery • Vol. 13, No. 1, 2021 • www.ecios.org

Compression-type fracture was the main fracture 
type (14 hips; 8 incomplete, 5 complete, and 1 displaced), 
followed by incomplete tension-type fracture (2 hips). Sur-
gery was performed for 8 hips, and complete union was 
achieved without malunion or osteonecrosis in all cases 
(Fig. 2). All cadets returned to their full activity levels in 
an average of 10 weeks.

DISCUSSION

Although stress fractures are extremely rare in the general 
population, 4%–5% of all military trainees experience a 
stress fracture.1) One of the most significant stress frac-
tures is FNSF, and it has been reported that FNSFs account 
for approximately 2% of all stress fractures in military 
recruits.1,2) To the best of our knowledge, the present study 

included the largest number of treated FNSFs in South 
Korean male military recruits. 

An increasingly overweight and less fit civilian 
population is transformed into military units through a 
modern military training program.19,20) The initial military 
training course is an intensive residential program that 
is uniform for all recruits. However, recruits with poor 
physical conditioning have to be trained at the highest fit-
ness levels ever experienced in their lives.3,21) One underly-
ing physiological effect of insufficient preservice physical 
activity is inadequate adaptation of bones and other con-
nective tissues to high-impact activities such as running, 
cutting, and jumping.10,22,23) Arguably, FNSFs are the 
most devastating bone stress injury.8) Loss of the shock-
absorbing effects of the gluteus medius and minimus 
muscles, which are significant stabilizers of tensile forces 
at the superior aspect of the femoral neck, results in FNSFs 
when the muscles become fatigued under repetitive high 
stress.7,8)

In the present study, the median duration of endur-
ance training before the development of hip pain was 5 
weeks (range, 1 week to 6 months), which was comparable 
to that in previous reports.10,24) Thus, a high index of suspi-
cion for FNSFs and prompt referral for bone scanning or 
MRI at the main military hospital are important for con-
scripts complaining of groin or proximal thigh pain.4) MRI 
should be performed even if plain radiographs show some 
sclerotic changes at the femoral neck, because this can aid 
in confirming bilateral FNSFs.11,25) MRI is also useful for 
diagnosing conditions other than FNSFs, such as osteone-
crosis.3)

Concomitant stress fractures were found in 3 pa-
tients (25%) in our study, and all lesions involved the prox-
imal tibia. An epidemiology study from the United States 
reported that 30% of all stress fractures involved multiple 

A B

Fig. 1. Imaging findings of a bilateral femoral neck stress fracture, which 
was treated by conservative treatment in a South Korean male military 
recruit. (A) An anteroposterior pelvis radiograph showing the femoral 
necks of both sides without specific findings. (B) A T2-weighted image 
showing hyperintensity around the inferior aspect of the femoral necks 
of both sides, and the extents of incomplete compression-type stress 
fractures were identified as < 50%. Complete union was achieved with 
conservative treatment.

A B C D

Fig. 2. Imaging findings of a bilateral femoral neck stress fracture, which was treated by operative treatment in a South Korean male military recruit. (A) 
An anteroposterior view of the pelvis showing sclerotic changes in the subcapital inferomedial areas (arrows) of both femoral necks. (B) A T2-weighted 
image showing hyperintensity around both subcapital fracture lines. (C) The extents of incomplete compression-type stress fractures in the right and left 
hips were identified as < 50% and > 50% of the femoral neck width, respectively, on a T1-weighted image. (D) A radiograph obtained at 6 months after 
surgery showing complete union of the fractures.
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lower extremity bones,9) with the metatarsals and proximal 
tibia being the most common sites in American military 
cadets. Moreover, over 50% of all stress fractures occurred 
within 3 months of matriculation. Although MRI is the 
single best technique for the assessment of patients with 
stress fractures, bone scintigraphy is valuable for the exclu-
sion of other stress fractures in cases where MRI findings 
are inconclusive.26)

In the present study, all cadets achieved bone union 
within a period consistent with that in previous reports 
(6 to 12 weeks after surgery).10,14,23) The majority of FNSFs 
are caused by compressive-type forces, which occur at the 
inferior aspect of the neck. Otherwise, tension-type FNSFs 
are not common but more vertical and unstable in nature, 
so there is a high delayed union and nonunion rate in the 
bone healing process.27) The incidence of compressive-type 
fractures in the present study was 87.5% (14/16), similar 
to the values in previous studies.3) Displaced fractures are 
reportedly associated with many complications; however, 
there was only 1 case in the present study. We believe that 
early reporting to the hospital and treatment allowed for 
early detection and led to excellent outcomes. It should be 
noted that the findings of physical examination in earlier 
reports were nonspecific and that the duration of symp-
toms or pain could not be used to differentiate FNSFs 
from other diagnoses.7,22,28)

This study has 2 major limitations. First, it was 
retrospective and involved a small number of patients. 
This limitation was unavoidable because FNSFs are rare. 
Second, we did not investigate or consider possible risk 
factors such as decreased mineral density in the femoral 
bone, severe exercise, poor baseline physical fitness levels, 
and other anatomical factors. 

In conclusion, to our knowledge, this is the first 
study to describe FNSFs in South Korean military recruits. 
Stress fractures are best managed through early detection 
so the excellent prognosis observed in our study might 
have resulted from early reporting and treatment. When 
an individual subjected to repetitive loading of the femoral 
neck, such as a military recruit, reports hip or groin pain, 
an FNSF should be considered. Furthermore, the bilateral-
ity of the fracture and the presence of concomitant lesions 
should also be investigated. For prevention of stress frac-
tures, future studies should investigate causes and risk fac-
tors (insufficient preservice physical activity), which can 
be modified before basic combat training.
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