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»1855 — Breithaupt TrepIypdQel
TTOVO KOl 0idnNua o€ OTPATIWTEG

»1897 — Stechow avayvwpicel
“march fracture” oe akTivoypa@ieg

»1956 — Devas kali Sweetnam
TTAPATAPEOUV KATAyHaATa TTEPOVNG
o€ aBANTEC

> Rev Bras Ortop. 2015 Dec 30;51(1):3-10. doi: 10.1016/j.rboe.2015.12.008. eCollection Jan-Feb 2016.

Stress fractures: definition, diagnosis and treatment

1

Diego Costa Astur ', Fernando Zanatta ', Gustavo Gongalves Arliani 1 Eduardo Ramalho Moraes

Alberto de Castro Pochini !, Benno Ejnisman

Diagnosis and Treatment of Stress Fractures - SpringerLink

10 louv 2015 — Recruits doing basic training (Stechow 1887) and the tourist who develops a
frank metatarsal stress fracture after a week of roaming Paris ...

> J Bone Joint Surg Br. 1956 Nov;38-B(4):818-29. doi: 10.1302/0301-620X.38B4.818.

Stress fractures of the fibula; a review of fifty cases
in athletes

M B DEVAS, R SWEETNAM

PMID: 13376667 DOL: 10.1302/0301-620X.3884.818
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KATATI'MATA KOII$22 5822
EITIAHMIOAOI'TA

o 2yeTICETOL LE TNV TTEPLOYN OV OEYETAL OTPEC

e IIpokaAioOvtor amd TNV EPUPLOYT] CTUAVTIKOV Kol
EMAVOLOUPOVOLEVOV KATATOVIGE®Y GE £VA, 0GTO

» H mietoymoia apopd to kdtm dkpo matheson et al

Kvnun 49.1%, ootd tov tapcol 25.3% , uetatdpoia
8,8%, unpaio 7,2%
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® Pediatric (0-11)
® Adolescence (12-19)
Adult (19-65)

Aged (> 65)

Type of physical
activity

m Walking
® Running
® March
Other sports/activities

m Military training

Trunk 3/7

2/(v
Pelvis
17/9

Lower

limb
48/31 Foot

Stress fractures
| Stress injuries

Upper limb

33/16

Sex
® Male
® Female

Both

Population
® Military
® Professional athletes

Recreational athletes

® Other

Calcaneus 15

Tarsal navicular 14 \

Metatarsal 5th 22

Metatarsal 4th 19 =

Metatarsal 3rd 23 e
Metatarsal 2nd 21

ssamoids 9

Meta-Analysis > Sensors (Basel). 2021 Apr 1;21(7):2438. doi: 10.3390/521072438.

Overuse—Related Injuries of the Musculoskeletal
System: Systematic Review and Quantitative
Synthesis of Injuries, Locations, Risk Factors and
Assessment Techniques

Amaranta Orejel Bustos !, Valeria Belluscio !, Valentina Camomilla 7, Leandro Lucangeli 1
Francesco Rizzo 2, Tommaso Sciarra 2, Francesco Martelli 3, Claudia Giacomozzi 3



[TAPAT'ONTEX KINAYNOY

o  Koavkdoia (Aevkn) eoAn.

e "Evapén koavodplag, Sla@opeTikng, aLENUEVOV ATOITNGEDV KOTATOVIOC.
e Aoknon ympig ETaPK LECOSIUGTILOTO OVATOVGTC.

o Koaxn teyvikn.

*  Avemopkn vToonLaTa.
* T'vuvaikec.
5 °  Aunvoppoia 1 OAYOUNVOPPOL0. GE YUVAIKEC.

. AOM]uKn rpchoc KOl KATOY L0 KOTIMONG GE VEUPES a@?»nrptsg apnvoppola +
QVETOPKY) GiTion 1 dlatapayés TG 0peéng + 06TE0TOPMOT).

e Avénuévn nxio.
e XaunArn oGTIKN TUKVOTNTO.
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e Xounin tpocinyn acPectiov.
* Alotapayég 01 TpoPng.

o  Kénvicuo kot Ayn aAkoO.

*  YmobBvpeoedioudc.

* Pevparoeonc apbpitida.

ANyYN KOPTIKOGTEPOELOMV.
: NYM KopTikootep Stress fractures in athletes: A literature review

Hazem Al-Khawashki
Department of Orthopedic Surgery. King Saud University, Riyadh, Saudi Arabia
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° XTOV OUYEVA TOV UNPLOOV 0GTOV GTO 1GY1O.
e O kAt KAGOOC TOL NP1KoD 06TOL GTNV AEKAVT).
e H xvnun.

 H ntépva.

KAT

e To oKaPOEOEC KO TAL GPMVOELDT) OGTA GTOV TAPGO TOL
TOO10V.
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e Ta petatapoio.

Stress fractures in athletes: A literature review

Hazem Al-Khawashki
Department of Crthopedic Surgery. King Saud University, Riyadh, Saudi Arabia
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[TAOODY XIOAOI'TA

e O opyovVIGUOC TPOELOOTOLEL!

e 2VVOPOUO KOTATOVNONC

e looppomio LeTaED 0GTIKNG ATOPPOPNONG
(00TEOKAAOTEG) KOl 0GTIKT) 6UVOEGT(06TEOPAAGTES)

e Noépog tov WoIff peyoldtepn mocodtTTO 06TO0 GTNV
TEPLOYN LE TO UEYOAVTEPO Stress”



Author:

Stress Fracture: Pathogenesis and clinical findings Annalise Abbott
Reviewers:

Abnormal Repetitive impact Seaniceks

biomechanics* activities Dr. Auld

* MD at time of publication

Inadequate rest Repetitive
subthreshold .
: e i ; uscle
Acute D in activity mechanical loading Wi m
volume v .
T fatigue
Bone strain - .‘]’. ability to
] .. s dissipate forces
Change in activity

Less compliant

Bone remodelin
type ! g surfaces
e
Z Notes: Accumulated
= *  Stress fractures are more m|cro-dar31.age
’é i common in women excee:l:paal::llty to
L * Locationis quendent on Legend:
AN age and activity type, l *  *Potential contributors: Pes
e) = COfanﬁ'Y lower Microscopic planus, pes cavus, hindfoot
g Z e)ftremlty o fractures varus, genu varum, leg
0" * Distal posteromedial tibia i length discrepancy
@D fractures the most
8— common Fracture
2 *  Stress fractures are propagation from Diffuse dull
(18] usually multifactorial continued loading ache
Relief with rest Stress Fracture + Hop Test
i i Localized
Progress tosharp SI-1ar ‘Iocallfe-d Point tenderness Localized _,  papable callus
pain with rest pain with activity edema

Legend: Pathophysiology ~ Mechanism  Sign/Symptom/Lab Finding ~ Complications ‘ Published January 12, 2017 on www.thecalgaryguide.com @@@@




Total number of strain
cycles (training volume)
Frequency of strain Foot type
cycles (training intensity) : 5
Training Gait . Lowgr extremity
Magnitude of each mechanics alignment
Blalnicycle Altered gait
Duration of each
strain cycle Y Y
Bone
= loading
MUSCI? fatlgue' Diet and nutrition
(metabolic capacity)
g Muscle strength & Genetics
= \atrephy) Impact Bone health Endocrine status
< i Training surfaces attenuation Bone mass shid Forhones
<L (hardness, camber) bone architecture
Z X Exercise
0 ¢ Footwear and v (bone loading)
iy equipment
8 E Bone PR Bone disease
Cg_ response (pathology)
O l
0 . o ,
Continuum of clinical responses to bone loading
>
Normal Accelerated Stress Stress Complete
remodelling remodelling reaction injury fracture

Review > Sports Med. 1999 Aug;28(2):91-122. doi: 10.2165/00007256-199928020-00004.

Risk factors for stress fractures

K Bennell 1, G Matheson, W Meeuwisse, P Brukner
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* AKTIVOYPpOQLO —OPVNTIKT] £0C KOt 3 UNVEC

o U/S poloxaov popiov-yaunAng otyvemoTtikn o&ioc

KAT
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MRI- evaicOnt npokatoypatika-kor e Stress
TPOLUOTIGULOVC
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e CT -evaicOnt otnv odyvoon Kotdyuotog

Review » Clin Sports Med. 2006 Jan;25(1):53-62, viii. doi: 10.1016/j.csm.2005.08.009.

Imaging of stress fractures

Carolyn M Sofka !

Affiliations + expand
PMID: 16324973 DOI: 10.1016/j.csm.2005.08.009
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v Xopic KAMvikn Topapdpemon

v Meimon £0povg kivinong

vVAKTIVOypapio: dev dlomoTmOnKe
KOTOUY L0,

vEENAOE ue odnyieg ue NSAIDS
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o 3W yopic KAMvikn PeAtioon

* MRI avéoeile kdtayuo amapeKTOTIOTO 60 PAOLO
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Stress Fractures of Femoral Neck

* 2TAVIOC TUTTOGC KOTAYLOTOC
o 2TPATIOTIKY EKTOLOEVGT), AOANTEG
e TT10 cuyva GTIC YUVOUKES

o Aunvoppoia, orotapoyéc oitiong

KAT

e "EAeyY0C 06TEOTOPMOTNC KOl OGTIKNG TUKVOTNTOC

.N.A.

e AAyog unpofovPovikd Tov ETOEIVOVETAL LE TNV
OpUCTNPLOTTA
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Review > J Am Acad Orthop Surg. 2022 Apr 1;30(7):302-311. doi: 10.5435/JAAOS-D-21-00398.

Femoral Neck Stress Fractures: An Updated Review

Ethan M Bernstein ', Thomas J Kelsey, Grant K Cochran, Bradley K Deafenbaugh, Kevin M Kuhn

Affiliations + expand
PMID: 35077440 DOl 10.5435/JAA0S-D-21-00398




Fullerton & Snowdy (1988)

Provencher et al. (2004)

KAT

The classification systems for femoral neck stress fractures.
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Sports Med Int Open. 2017 Feb; 1(2). E58-E68. PMCID: PMCB226070
Published online 2017 Mar 15. doi: 10.1055/5-0043-103946 PMID: 30538087

Femoral Neck Stress Fractures in Sport: A Current Concepts Review

Greg A. Robertson! and Alexander M. Wood?
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O 7o dwadedouévn to&vounon katd Fullerton & Snowdy
Tactvopovvtol 6€ 3 TOTOVC:

e YUUTIEGTIKO KATOYLO ELPOVICETOL GTOV £6M PAOLO TOV
QVYEVAL
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- THoapextomiCetal mo edkoAa

o Kataypo pe wipn mopektomion




o AKTINOI'PADIA:
-cLVNOMC YWPIC ELPAVT] EIKOVA, KOTOYULOTOC-
KTIVOAOYIKO GTOLYELO KOTAYUOTOS KOl TMV OVO PAOLDV
EVOELET Y1a /0

o CT:

-ACOVIKT] TOLOYPOPLOL VIO OVOYVDPIGT] TOV KOTOYULOTOC

KAT

.N.A.

e MRI:
-TPOIUN O1yVmo™ avénuévo onua otnv 11 akoAovbia
Ko avEnuévo otn T2
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> Am J Sports Med. 2016 Aug;44(8):2122-9. doi: 10.1177/0363546516648319. Epub 2016 Jun 3.

Femoral Neck Stress Fracture: Can MRI Grade Help
Predict Return-to-Running Time?

*\ Lindsay N Ramey ', Kelly C Mclnnis *, William E Palmer >
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e 2YNTHPHTIKH ANTIMETQIIIXH

v GUUMIESTIKA KaTdypato €ival mo otabepd Kot
QVTILETOMTICOVTOL GLVTNPTTIKA

v KMVOGTATIGUOG KO OITOPOPTION
v/ TOKTIKN TOPOKOAODON oM HE OKTIVOAOYIKO EAEYYO.

e XEIPOYPI'TKH ANTIMETQIIIXH:

v KATOYHOL Ko TV 000 PAOLOV ¥pNLel AUESNC
YELPOVPYIKNG AVTILETMOTICNG

v KOTaypota otataong sivol mo aotadn kot ypniovv
YELPOVPYIKNG CVTILETMOTIONC



Table 1 The management of femoral neck stress fractures by fracture type.

Incomplete (<50% Femoral Neck
Fracture Type | Width) Complete (>50% Femoral Neck Width)

Compression Conservative — unless significant pain or | Surgical Fixation (Cannulated Hip Screws or

unable to straight-leg raise Dynarmic Hip Screw)
Tension Surgical Fixation (Dynamic Hip Screw) | Surgical Fixation (Dynamic Hip Screw)
Displaced = Immediate Reduction and Surgical Fixation

(Dynamic Hip Screw+tDerotation Screw)

Atypical Conservative Surgical fixation (Dynamic Hip Screw)

Tension
Sports Med Int Open. 2017 Feb; 1(2). E55-E6G8. PMCID: PMC6226070
Published online 2017 Mar 15. doi: 10.1055/5-0043-103946 PMID: 30539087

Femoral Neck Stress Fractures in Sport: A Current Concepts Review

Greg A. Robertson' and Alexander M. Wood?
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5 ITAPOYZA NOZOZ

»EvaicOncio otnv TpodcOio emeavelo,
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avEnomn dhyoug

PX®PIc 16TOPIKO KOTAYUOTOC




Neplotorturo 2
» H axtwvoypagio avédeile #

PO PAO1O TG KVUNG
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Tibial Stress Fractures

e ITio cvyva oto gyyiHcg 1/3 e KvUNG 6TOVE AATEC

e Méoo ko meprpepikd 1/3 oe dpoueig

e To mo cvyvo 6 AOANTEC KOl GTPOTIOTES
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> Phys Sportsmed. 1993 Apr;21(4):123-30. doi: 10.1080/00913847.1993.11710368.

Managing Tibial Stress Fractures

R R Taube, L T Wadsworth, R J Johnson

PMID: 27447774 DOI: 10.1080/00913847.1993.11710368
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[Ipoyvoon

* umopel va kaBvotepNoel N TOP®GSN Yid 4-6 punvec
°  UTOPEL VO ETUEVEL Y10, TAVO OTTO EVA YPOVO

* TOAAOTAQ KOTAYULATH KOTMGEMG Kol KoBvoTepn eV
mopwon — DEXA scan

> Phys Sportsmed. 1993 Apr;21(4):123-30. doi: 10.1080/00913847.1993.11710368.

Review > Clin Sports Med. 2006 Jan;25(1):117-28, x. doi: 10.1016/j.csm.2005.08.015.

. . Managing Tibial Stress Fractures
Evaluation and treatment of tibial stress fractures
R R Taube, L T Wadsworth, R J Johnson

. Co T pavi Henllictar
Andrea ] Young ", David R McAlliste PMID: 27447774 DOI: 10.1080/00913847.1993.11710368



Ta&wvounon kot Fredericson et al. Me
Bdon v MRI

Table 1

Five-points grading system of TSI

-

§ Grade of stress injury MRI findings

§ w 0 No abnormality

< .

Z X 1 Presence of periosteal oedema only
Q -

O < 2 Periosteal and bone marrow oedema
|

cg T 3 Grade 2 and cortical abnormalities
Q.

@) 4 Grade 3 and fracture line

m

> Pol J Radiol. 2018 Nov 5;83:e471-2481. doi: 10.5114/pjr.2018.80218. eCollection 2018.

Tibial stress injuries - location, severity, and
classification in magnetic resonance imaging
examination

. 5 . .. BB A -
Agata Maria Gmachowska ' 2, Magdalena Zabicka 2 3, Ryszard Pacho 2 #, Szymon Pacho 2,
12

Aleksandra Majek 1, Beata Feldman



TAZINOMHXH ME BAXH THN
ENTOIIIXH - ANTIMETQIIIXH

o posteromedial stress frx
- 00N Y€l 6€ GLUTIEGN TNV KVIUN KOl £YXEL KAAN TPOYV®OOT ,
GUVTNPNTIKT] CVTILETMOTION

» anterolateral stress frx:
- 00N Y€l 6€ TAGN OTNV TEPLOYT TOL KATAYUOATOS KOl GYETILETAL UE
COLVOULN TOPOOTG
- 1 TPOYVMOGT) Elvol XEPOTEPT OTAV VITAPYOVV TOAAUTAES
KOTOQOTIKES YPOUUES GTNV TPOGHL0, ETLPAVELD TG KVI|UNG
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-G€ YPOVIO, TEPIGTAUTIKA CUGTIVETUL EVOOUVEALKT) NAMGCN

Case Reports > Arch Orthop Trauma Surg. 2019 Jan;139(1):25-33.

doi: 10.1007/500402-018-3035-5. Epub 2018 Sep 7.
Review > Clin Sports Med. 2006 Jan;25(1):117-28, x. doi: 10.1016/j.csm.2005.08.015.

. . A complete posterior tibial stress fracture that
Evaluation and treatment of tibial stress fractures occurred during a middle-distance running race: a

Andrea J Young ', David R McAllister case report

Jun Komatsu 1, Atsuhiko Mogami 2, Hideaki lwase 3, Osamu Obayashi 2, Kazuo Kaneko *
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RISK FACTORS

Table 1.

Intrinsic Factors

Extrinsic Factors

Cavus feet

Leg length discrepancies

Exressive forefoot varus

Tarsal coalitions

Prominent posterior calcaneal process
Tight heel cords
Dsteopenia/osteoporosis

Poor vascular supply

Abnormal hormonal levels

Type of activity

Excessive /new training regimen
Poor equipment/footwear
Improper technique

Type of training surface

Sleep deprivation

Sports Health 2014 Nov; 6(6): 481-491
doi: 10.1177/1941738113486588

Stress Fractures of the Foot and Ankle in Athletes

PMCID: PMC4212349
PMID: 25364480

Stephanie W. Mayer, MD,T Patrick W. Joyner, MD,T Louis C. Almekinders, MD,* and Selene G. Parekh, MD, MBA™
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Kdatayuo ttepvog

* OMOTELEGLO AVENUEVOV POPTIOV GTIC AOANTIKEC
OPUGTNPLOTNTEC

* 7110 GLYVO CE GTPUTIMTIKY] EKTOLOELO

e TOVOC KOl OO GTNV TTEPVOL

* 9/0 plantar fascitis
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Review > Top Magn Reson Imaging. 2006 Oct;17(5):309-25.
doi: 10.1097/RMR.0b013e3180421¢8c.

Stress fractures in athletes

Michael Fredericson 1, Fabio Jennings, Christopher Beaulieu, Gordon O Matheson




AxKTIvoypaoia

°  UTOPEL VO UNV £YEL GTOUYELN KOTAYLUOATOC

o otnv axktwvoypaeio profil rapovsio TOAoL avdueca oto
KOPTOUO TNE TTEPVAC KOl GTNV DITOGTPAY ALK
GpOpmon

KAT

.N.A.

CT

* €VOETKVLTAL Y10 ATLTTO, GLUTTMOULATO KOL 0PV TIKT
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o 2-8 nuépec ypetdlovtar yio vo 0giCel kaTaypol

Review > Clin Podiatr Med Surg. 2005 Jan;22(1):45-54. doi: 10.1016/j.cpm.2004.08.004. . .
Review > Top Magn Reson Imaging. 2006 Oct;17(5):309-25.

Calcaneal stress fractures doi: 10.1097/RMR.0b013e3180421c8c.

Jason M Weber T, Louis G Vidt, Richard S Gehl, Travis Montgomery

Stress fractures in athletes

Affiliations 4 expand

e PMID: 15555842 DOI: 10.1016/).cprn.2004.08.004 . : ] ) ) ) ) N
-~ i 1 Michael Fredericson ', Fabio Jennings, Christopher Beaulieu, Gordon O Matheson



AVTILETOTION

* TTEPLOPICUOS OPACTNPLOTITOV
* VApONKOAC aKIVNTOTOINGMC
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Review > Clin Podiatr Med Surg. 2005 Jan;22(1):45-54. doi: 10.1016/].cpm.2004.08.004.

Calcaneal stress fractures

Jason M Weber 1, Louis G Vidt, Richard S Gehl, Travis Montgomery

Affiliations + expand
PMID: 15555842 DOI: 10.1016/).cpm.2004.08.004
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Katoyuo oKogoeidong

* Yyni vmoyia Yol ot KAVIKES EVOEICELS Etvan
MEPLOPLONEVEGS:
-1 OKTIVOYPAQ@io OV £YEL 1010UTEPT] OLLYVMOGTIKY aéid
yiati epaviCetor oto uéco 1/3 tov
- CT vy v oudyvoon , MRI avayvopion otonuotog
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Review > Clin Sports Med. 2015 Oct;34(4):769-90. doi: 10.1016/j.csm.2015.06.011.

Stress Fractures of the Foot

Munier Hossain ', Juliet Clutton 7, Mark Ridgewell 2, Kathleen Lyons 2, Anthony Perera 3

Affiliations 4 expand
PMID: 26409595 DOl 10.1016/j.csm.2015.06.011
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Box 1
Classification of navicular stress fracture from Saxena and colleagues

Type 1: fracture involves dorsal cortex only
Type 2: fracture extends from dorsum onto the navicular body

Type 3: complete bicortical disruption.

From Saxena A, Fullem B, Hannaford D. Results of treatment of 22 navicular stress fractures and
a new proposed radiographic classification system. J Foot Ankle Surg 2000:39(2);98.
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ANTIMETQIIIXH

° XUVINPNTIKY OVTILETOTION

Box 2
Recommended non-weight-bearing regime from de Clercq and colleagues

0 To 6 wk: non-weight bear

6 To 8 wk: weight bear as able in removable cast

8 To 10 wk: weight bear out of cast, resistive strengthening exercise, light jogging
10 To 12 wk: full running, sport-specific training

Greater than 12 wk: full return to sports

Patients progress to the next stage only if they remain asymptomatic.

From de Clercq PFG, Bevernage BD, Leemrijse T. Stress fracture of the navicular bone. Acta Or-
thop Belg 2008;74(6):725-34.
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Kotdyuoto PeETaTapoiov

e “march frx” couPaivel otnv oldpuon Tov 2°° kot
MYOTEPO GLYVA GTOL 3°° LETATAPGIOV

o Kdtoyuo Kommoems 610 5° HETATAPGIO EVIOTILETOL GTNV
HETAPLOT Ko GyeTiCeTon pe avEnuévn mhavotnta
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Box 5
Classification for fifth metatarsal stress fractures from Torg and colleagues

Type 1: periosteal reaction, early stress fracture
Type 2: widened fracture line and intramedullary sclerosis, delayed union

Type 3: complete obliteration on intramedullary canal, established nonunion.

From Torg JS, Balduini FC, Zelko RR, et al. Fractures of the base of the fifth metatarsal distal to
the tuberosity. Classification and guidelines for non-surgical and surgical management. J Bone
Joint Surg Am 1984;66(2):209-14.
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Stress Frx Ballet Dancers

e 2 -3 LETATAPGIO0, GLOGOAUOELOT KO EEM GPUPO

o Koatayunata faong yovv peyoarvtepn mbovotnta
KoOLGTEPNUEVIC TOPWOOTS — YEVLOAPOPMGOTC

o Ta mepLpeptka £YoVV KOAVTEPT TPOYVHOGOT
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e To 20 K01 T0 30 LETATAPGLO EIVUL O EMIPPETT) OTO
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Klvikn e€étoon:

o Khvikn €€étaon:

» 'EAeyyoc yio evaitcOnoio ockAnpia 11 ynAaentig
nacog.

» Radiographs:
-GTOLYELE TOPOL peTd TNV 3N gfdoouada;
- CT (+) v kdtoypo
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