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Stress fractures were first described in Prussian soldiers
by Breithaupt in 18551. They were named “march frac-

tures” and their characteristics were confirmed 40 years 
later with the advent of radiography.[1] Stress fractures oc-
cur due to repetitive cumulative micro trauma on the bone 
over a period of time. They occur as the result of repeatedly 
making the same movement in a specific region, which 
can lead to fatigue and imbalance between osteoblast and 
osteoclast activity, thus favouring bone breakage. These 
fractures are a result of repeated application of stress lower 
than that required to fracture the bone in a single loading 

situation.[2] Stress fracture injuries most often evolve with 
an insidious onset that typically occurs at the end of physi-
cal activity with a focal point of tenderness.[3] The activities 
involved in the diverse types of military training may put 
personnel at different injury risks. The most frequently re-
ported cause of these fractures is repetitive weight-bearing 
activities such as running and marching, a recent increase 
in physical activity, beginning of a new activity or some 
other change in their routine can also result in increase of 
these fractures.[4]
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Abstract
Objectives: Stress fractures occur as a result of repeatedly making the same movement in a specific region, which 
can lead to fatigue and imbalance between osteoblast and osteoclast activity, thus favouring bone breakage. Stress 
fractures in military recruits causes long periods of absence from training and economic losses. The purpose of this 
prospective study was to determine the incidence and distribution of stress fracture in military recruits and present 
evidence-based concepts to provide with an overview of diagnosis, treatment, and rehabilitation.
Methods: 284 military recruits at a peripheral military hospital who had presented with symptoms of pain, swelling 
or deformity of lower limb were studied over a period of 1 year. All of them with clinical and radiological diagnosis of 
Stress fracture were hospitalised and treated conservatively for a week followed by 4 weeks of sick leave and thereafter 
observed for 6-12 weeks depending upon the severity of their symptoms wherein stress fracture rehabilitation was 
provided in a phased manner.
Results: 284 recruits had reported with pain, swelling, deformity of lower limb at the end of physical activity with a 
focal point of tenderness. The average age of the patients with Stress fracture was 20 years. The incidence of Stress frac-
ture reached maximum during 11-20 weeks of the training schedule. Overall, the most common sites of bone injuries 
were the tibia (52.11%), fibula (23.59%), femur shaft (9.50%), femur neck (7.74%)and metatarsals (7.04%). Most fractures 
healed in an average period of 5 weeks. Most individuals returned to their full activity in an average period of 18 weeks. 
Conclusion: The study provides evidence that Stress fracture among military recruits occur frequently during their 
training period. To prevent stress fractures, modifiable risk factors must be identified and a proactive approach should 
be adopted which helps recruits withstand intense physical activity.
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The medial tibial syndrome is an overuse injury at the me-
dial tibial border caused by running exercises. The pain is 
elicited by exertional ischaemia. The pathogenesis is ex-
plained by increased pressure in the fascial compartment 
of the deep flexor muscles due to prolonged exercise.

Symptom includes pain which increases on bearing weight 
and swelling. Typical findings include localized tender-
ness, swelling and erythema. Accurate diagnosis for stress 
fractures is dependent on the anatomical area. Regard-
less, early recognition is the optimal goal to minimize the 
potential for micro-fractures to become macro-fractures. 
Stress fractures may heal completely, slowly or incom-
pletely. Treatment strategies includes early identification of 
the symptoms, early diagnosis, a sufficiently long training 
pause and in special cases consultation of experts in the 
field. Surgical treatment may be needed in some cases.[4] 

Besides the knowledge about the occurrence of these 
fractures and their effect on economy and loss of man 
hours, there are relatively few studies that provide actual 
incidence of these fractures. The present study is aimed at 
determining the incidence, types and site of Stress frac-
tures in military recruits through clinical and radiological 
diagnosis and to present an updating article on this topic 
and condense the main information obtained through the 
most important studies published over the last few years.

Methods
It is a prospective study of Stress fractures, wherein a group 
of 2000 military recruits training at a military training cen-
tre was selected and those presenting with symptoms were 
evaluated clinically and radiologically, treated and followed 
up till the fracture healed. Only plain X-Rays were used as 
the imaging modality. All the participants in the study gave 
their informed consent and knew the objectives of the 
study. Any trainee having acute history of trauma was ex-
cluded from the study. Recruits who presented with stress 
pain but had no radiological evidence of stress fracture 
were also excluded from the study.

During their training, the recruits were routinely examined 
by the Medical Officer appointed at the training centre. 
All the recruits were encouraged to report symptoms of 
possible Stress fracture, and all symptomatic recruits were 
referred to the department of Surgery for further manage-
ment. Appropriate radiographs of the involved limb were 
taken. The time of fracture was considered to coincide with 
the earliest manifestation of pain in the affected limb. The 
recruits had free access to the Regimental Medical Officer 
and the Nursing assistant and were always encouraged to 
report to the medical authorities in case of pain, swelling, 
erythema of any limb. All except 8 patients who required 

surgical intervention were treated conservatively; with ini-
tial an period of immobilization with crepe bandage, rest, 
ice packs and analgesics, followed by mobilisation and 
gradual re-induction into training programme. The dura-
tion of medical observation and pause from training was 
granted according to the site and grade of Stress fractures 
and signs of healing of the fracture on X Ray.

The Stress fractures was graded in to groups based on the 
suggested clinic-radiological classification by Agarwal.[5]

Grade I: Mild pain, periosteal reaction, tenderness, walks 
without pain.

Grade II: Severe pain, hair line crack of cortex, tenderness, 
and walk without support.

Grade III: Severe pain, partial thickness involvement of 
cortex, tenderness, walks with support.

Grade IV: Severe pain, tenderness, cannot walk/walks 
with difficulty even with support, full thickness of cortex 
involved. 

Results
284 out of 2000 recruits had symptoms of Stress fractures. 
On evaluation by radiography 284 recruits (14.2%) were 
diagnosed as having Stress fractures. Out of 284 diag-
nosed with Stress fractures, 120 (42.25%) were Grade I, 108 
(38.02%) were Grade II, 38 (13.38%) were Grade III and 18 
(6.33%) were Grade IV (Fig. 1).

176 (61.97%) recruits were of the age of 19 years, 58 
(20.42%) recruits were 20 years of age and 50 (17.60%) re-
cruits were of the age of 21 years (Fig. 2).

148 (52.11%) recruits suffered stress fracture Tibia, 67 
(23.59%) had stress fracture fibula, 40 (14.08%) had stress 
fracture involving the metatarsal, 17 (5.98%) recruits had 
stress fracture femoral shaft and stress fracture of femoral 
neck occurred in 12 (4.22%) patients (Fig. 3).

176 (61.97%) patients had stress fracture involving the 

Figure 1. Percentage presentation of different grades of Stress Fracture.
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Right lower limb and 108 (38.02%) patients had stress frac-
ture of the left lower limb.

The incidence of Stress fractures was more during their 
initial training, 99 (34.85%) recruits presented with stress 
fracture between 1-10 weeks of training, 116 (40.84%) re-
ported between 11-20 weeks of training, 49 (17.25%) re-
ported between 21-30 weeks of training and 20 (7.04%) 
recruits reported between 31-40 weeks of military training 
(Fig. 4).

Out the 148 tibial stress fractures, 41 (27.70%) involved 
the proximal third, 86 (58.10%) involved the middle third 
and 21 (14.18%) involved the distal third of Tibial shaft. 
39 (58.20%) Stress fractures involving fibula involved the 
proximal 1/3rd and 28 (41.79%) involved the distal third of 
Fibula. Second metatarsal was most commonly involved 
in 18 cases (45%) followed by 3rd metartarsal in 12 (30%) 
cases and 10 cases involved the 4th metatarsal (25 %). 

All the fractures were treated conservatively except 8 
(2.81%) fractures (3 fractures tibial shaft, 3 fractures femoral 

shaft and 2 fractures neck femur) that were operated upon. 
All fractures healed well in an average period of 5-7 weeks 
which included 1 week of hospitalisation and 4-6 weeks 
of sick leave. 269 (94.71%) recruits returned to full activity 
and resumed training in an average period of 18 weeks. 15 
(5.28%) recruits had persistent symptoms and radiological 
evidence of fractures and could not continue with their 
training for medical reasons.

Discussion
Stress fractures in military recruits is an overgrowing con-
cern all over the world. Data about the actual incidence 
from Indian military and precisely at what point in train-
ing they occur is limited. The present study was performed 
to provide answers to these questions, and the controlled 
circumstances of military training imparted to recruits at 
military training centre provided a suitable group to study.

Runners, soldiers and dancers are the main victims of stress 
fractures.[6] Stress fractures are mostly commonly diag-
nosed in the tibia, followed by the metatarsals (especially 
the second and third metatarsals) and by the fibula.[7] In 
the military population, the incidence of stress fractures 
among females is greater than among men.[8] The inci-
dence of SFs among military recruits has been reported to 
be around 5% amongst the US military recruits.[9] However, 
in India two studies by Agrawal PK and Dash N et al.,[5] re-
ported high incidence of 11.4% and 7.04% in two different 
military training centres. Apparently, the 14.2% incidence 
of SFs in our study far exceeds this figure or those reported 
from any previous study.

The significant higher incidence of Stress fracture has been 
attributed to training with maximum stress on running, 
jumping, parade on hard ground, and gymnastics.[10] It can 
be also due to sudden increase in amount and intensity of 
physical activity along with repeated impact due to running 
on hard surface, improper technique and equipment.[11] 

Figure 2. Age of recruits presenting with Stress Fracture.
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Figure 4. Presentation of Stress Fracture during the course of training.
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Figure 3. Percentage of bones involved in Stress fracture cases.
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Pathophysiology: Six to eight weeks after a sudden and 
non-gradual increase in the intensity of an athlete's or 
new patient's physical activity, this cyclical and repetitive 
physiological overloading may lead to the appearance of 
micro-fractures and may not allow the bone tissue to have 
sufficient time to undergo remodelling and adapt to the 
new condition, and thus to repair the microlesion.[12] The 
load applied is considered to be insufficient to cause an 
acute fracture, but the combination of overloading, repeti-
tive movements and inadequate recovery time make this a 
chronic injury.[13] Furthermore, rigid pes cavus, discrepancy 
of the lower limbs, short tibia, genu valgum, increased Q 
angle, body mass index lower than 21 kg/m2 and short 
stature should also be taken into consideration in analysing 
the risk factors for stress fractures.[14]

Diagnosis: Simple radiography (X-ray) is the initial imag-
ing examination because of its ease of access and low cost.
[2] Radiographs lack the ability to determine acute stress 
fractures since it may take 3 weeks for cortical irregulari-
ties and periosteal reactions to become evident.[15] Com-
puter tomography scans have been identified as useful 
in the diagnosis of stress fractures but lack the sensitivity 
of MRIs to provide concurrent evaluation of soft tissue.[15] 
Computed tomography (CT) is used mainly when there 
is a contraindication against using magnetic resonance 
imaging.[16] Nuclear medicine using triple-phase scintigra-
phy (technetium-99 m) presents significant sensitivity (74–
100%) to bone remodelling and shows imaging alterations 
three to five days after the start of symptoms.[6] Magnetic 
resonance imaging (MRI) is the most sensitive and specific 
imaging examination for diagnosing stress fractures. It is 
recommended by the American College of Radiology as 

the preferred examination in the absence of radiographic 
alterations.[6] Regardless of stress fracture location, MRI is 
currently the gold standard, largely due to the instrument’s 
ability to display both soft tissue and bone edema.[17] One 
of the earliest signs of stress fracture is bony edema, which 
is not easily visible on standard radiographic imaging 
(Table 1).[18]

Modifying risk factors: The management of risk factors 
such as biomechanical stresses, nutrition, and overtrain-
ing may be the key to long term and successful treatment.
[21] Terrain and equipment may contribute to risk factors 
and, therefore, treatment considerations. Runners who 
change terrain or run hilly landscapes are more likely to 
incur stress fractures.[22] Current literature indicates that 
high levels of calcium (1.500–2.000 mg) and vitamin D 
supplementation (800–1000 IU) may be a component of 
stress fracture prevention; however, the literature is con-
flicting.[3] Bisphosphonates have been commonly used 
to treat stress fractures, yet some concerns exist with the 
potential for abnormal long term bone deposition and a 
lack of Food and Drug Administration approval for this in-
tervention.[23]

Treatment: Analgesics are used for pain relief6. Immobi-
lization is only rarely used for treating stress fractures be-
cause of its deleterious effects on muscles, tendons, liga-
ments and joints.[24]

Complications: The main complications occur in cases of 
high-risk stress fractures. Inappropriate management may 
cause progression of the fracture to a complete and dis-
placed fracture line and thus give rise to delayed consoli-
dation, avascular necrosis and pseudarthrosis.[6]

Table 1. Low and high risk stress fracture classification and Fredericson tibial MRI classification.[19, 20]

Low risk classification High risk classification Fredericson classification for
  tibial stress fractures

• Heal with conservative treatment • Risk for complete fracture • Grade 1: periosteal oedema only
• Nonsurgical management • Risk for non-union • Grade 2: bone marrow oedema visible on T2-
• Compression stress fractures • Delayed union weighted images
• Typically includes • Typically requires surgical intervention • Grade 3: bone marrow oedema visible on both T1-
0 Femoral shaft • Requires non-weight bearing or assisted weighted and T2-weighted images
0 Medial tibia weight bearing • Grade 4: intra-cortical signal abnormalities
0 Fibula • Tension stress fractures
0 Calcaneus • Typically includes
0 1st–4th metatarsals 0 5th metatarsal
 0 Anterior tibia
  0 Tarsal navicular
  0 Femoral neck
  0 Patella
 0 1st metatarsal sesamoid
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Conclusion
Stress fracture is at the endpoint of a continuum of a bone's 
reaction to stress that ranges from early remodelling to a 
cortical fracture. Normal levels of stress facilitate normal 
bone remodelling. When activity levels change or increase, 
the level of bone remodelling also increases. This study 
proves that there is a high incidence of Stress fracture in 
military recruits that remains unreported otherwise. The 
possibility that some cadets do not report pain and con-
tinue strenuous exercise for fear of losing their term de-
spite symptoms and the fear of physical instructors fur-
ther add to the problem and add to the delay in seeking 
medical attention. The Medical Officer must therefore have 
a high index of suspicion for Stress fractures. The corner-
stone in avoiding Stress fracture is prevention. Education 
of trainees, trainers and instructors, modification in train-
ing procedures, use of better equipment can reduce oc-
currence of these fractures. Early reporting to hospital and 
treatment is also necessary as it can help in early return to 
full activity.

Disclosures

Ethics Committee Approval: The study was approved by the Lo-
cal Ethics Committee.

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

References
1. Breithaupt MD. Zur pathologie des menschlichen fusses. To 

the pathology of the human foot. Med Zeitung 1855;24:169.
2. Iwamoto J, Takeda T. Stress fractures in athletes: review of 196 

cases. J Orthop Sci 2003;8:273–8. [CrossRef ]

3. Chen YT, Tenforde AS, Fredericson M. Update on stress frac-
tures in female athletes: epidemiology, treatment, and pre-
vention. Curr Rev Musculoskelet Med 2013;6:173–81. [CrossRef ]

4. Jones BH, Thacker SB, Gilchrist J, Kimsey CD Jr, Sosin DM. 
Prevention of lower extremity stress fractures in athletes and 
soldiers: a systematic review. Epidemiol Rev 2002;24:228–47.

5. Agarwal PK. Stress fractures-management using a new classi-
fication. Indian J Orthop 2004;38:118–20.

6. Carmont RC, Mei-Dan O, Bennell LK. Stress fracture manage-
ment: current classification and new healing modalities. Oper 
Tech Sports Med 2009;17:81–89. [CrossRef ]

7. Schneiders AG, Sullivan SJ, Hendrick PA, Hones BD, McMaster 
AR, Sugden BA, et al. The ability of clinical tests to diagnose 
stress fractures: a systematic review and meta-analysis. J 
Orthop Sports Phys Ther 2012;42:760–71. [CrossRef ]

8. Jones BH, Bovee MW, Harris JM, Cowan DN. Intrinsic risk fac-
tors for exercise-related injuries among male and female army 
trainees. Am J Sports Med 1993;21:705–10. [CrossRef ]

9. Armstrong DW, Rue JP, Wilckens JH, Frassica FJ. Stress fracture in-
jury in young military men and women. Bone 2004;35:806–16.

10. Wentz L, Liu PY, Haymes E, Ilich JZ. Females have a greater in-
cidence of stress fractures than males in both military and ath-
letic populations: a systemic review. Mil Med 2011;176:420–30.

11. Knapik JJ, Graham B, Cobbs J, Thompson D, Steelman R, Jones 
BH. A prospective investigation of injury incidence and risk 
factors among army recruits in combat engineer training. J 
Occup Med Toxicol 2013;8:5. [CrossRef ]

12. Bennell KL, Malcolm SA, Thomas SA, Wark JD, Brukner PD. The 
incidence and distribution of stress fractures in competitive 
track and field athletes. A twelve-month prospective study. 
Am J Sports Med 1996;24:211–7. [CrossRef ]

13. Royer M, Thomas T, Cesini J, Legrand E. Stress fractures in 
2011: practical approach. Joint Bone Spine 2012:S86–90.

14. Korpelainen R, Orava S, Karpakka J, Siira P, Hulkko A. Risk fac-
tors for recurrent stress fractures in athletes. Am J Sports Med 
2001;29:304–10. [CrossRef ]

15. McCormick F, Nwachukwu BU, Provencher MT. Stress fractures 
in runners. Clin Sports Med 2012;31:291–306. [CrossRef ]

16. Sofka CM. Imaging of stress fractures. Clin Sports Med 
2006;25:53–62. [CrossRef ]

17. Boden BP, Osbahr DC. High-risk stress fractures: evaluation 
and treatment. J Am Acad Orthop Surg 2000;8:344–53.

18. Delvaux K, Lysens R. Lumbosacral pain in an athlete. Am J Phys 
Med Rehabil 2001;80:388–91. [CrossRef ]

19. Fredericson M, Bergman AG, Hoffman KL, Dillingham MS. Tib-
ial stress reaction in runners. Correlation of clinical symptoms 
and scintigraphy with a new magnetic resonance imaging 
grading system. Am J Sports Med 1995;23:472–81. [CrossRef ]

20. Portland G, Kelikian A, Kodros S. Acute surgical management 
of Jones' fractures. Foot Ankle Int 2003;24:829–33. [CrossRef ]

21. Shiraishi M, Mizuta H, Kubota K, Sakuma K, Takagi K. Stress 
fracture of the proximal phalanx of the great toe. Foot Ankle 
1993;14:28–34. [CrossRef ]

22. Friedl KE, Nuovo JA, Patience TH, Dettori JR. Factors associated 
with stress fracture in young army women: indications for fur-
ther research. Mil Med 1992;157:334–8. [CrossRef ]

23. Rettig AC, Shelbourne KD, McCarroll JR, Bisesi M, Watts J. 
The natural history and treatment of delayed union stress 
fractures of the anterior cortex of the tibia. Am J Sports Med 
1988;16:250–5. [CrossRef ]

24. Niva MH, Mattila VM, Kiuru MJ, Pihlajamäki HK. Bone stress in-
juries are common in female military trainees: a preliminary 
study. Clin Orthop Relat Res 2009;467:2962–9. [CrossRef ]

https://doi.org/10.1007/s10776-002-0632-5
https://doi.org/10.1007/s12178-013-9167-x
https://doi.org/10.1093/epirev/mxf011
https://doi.org/10.1053/j.otsm.2009.05.004
https://doi.org/10.2519/jospt.2012.4000
https://doi.org/10.1177/036354659302100512
https://doi.org/10.1016/j.bone.2004.05.014
https://doi.org/10.7205/MILMED-D-10-00322
https://doi.org/10.1186/1745-6673-8-5
https://doi.org/10.1177/036354659602400617
https://doi.org/10.1016/S1297-319X(12)70013-1
https://doi.org/10.1177/03635465010290030901
https://doi.org/10.1016/j.csm.2011.09.012
https://doi.org/10.1016/j.csm.2005.08.009
https://doi.org/10.5435/00124635-200011000-00002
https://doi.org/10.1097/00002060-200105000-00016
https://doi.org/10.1177/036354659502300418
https://doi.org/10.1177/107110070302401104
https://doi.org/10.1177/107110079301400106
https://doi.org/10.1093/milmed/157.7.334
https://doi.org/10.1177/036354658801600309
https://doi.org/10.1007/s11999-009-0851-5



