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MR imaging of Fatigue Fractures
: Characteristics and Value for Differential Diagnosis

Osamu Karakida", Jun Aoki?, Fumio Fujioka?,
Kuniyasu Ito" and Shusuke Sone®

1) Department of Radiology, Shinshu University, School of Medicine
2) Department of Orthopaedic Surgery, Shinshu University, School of Medicine

Research Code No. : 505
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The magnetic resonance (MR) appearance of five fatigue fractures was analyzed in an attempt
to isolate characteristic MR findings which would facilitate the differentiation of this entity from
bone neoplasms and osteomyelitis. The bone lesions reviewed for comparison included three
osteoid osteomas, eight osteosarcomas, two malignant lymphomas and four osteomyelitis. Four
characteristics useful for differentiation were found: 1) All fatigue fractures showed a smooth
and continuous periosteal reaction with a superficial layer of high signal intensity on T 2-
weighted images, while all malignant bone tumors and osteomyelitis showed irregular, inter-
rupted or undetectable periosteal reaction, and osteoid osteomas showed no superficial high signal
on periosteal reactions. 2) In all fatigue fractures and osteoid osteomas, abnormal signals in the
bone marrow were ill difined, whereas they were well defined in all bone neoplasms and one of
four osteomyelitis. 3) None of the fatigue fractures or osteoid osteomas was associated with
extraosseous components. 4) Fatigue fractures showed little signal change in the surrounding soft
tissues, while most of the bone tumors and osteomyelitis were accompanied by high signal in the
adjacent soft tissues on T 2-weighted images.

These MR characteristics are helpful in differentiating fatigue fracture from bone neoplasms
and osteomyelitis, enabling unnecessary surgical procedures to be avoided.
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A R Tl, ERICHVE B OB K5
AL, FOTOREEIIBRENRIED L TE i
12 B B 3 3 5T, BRERAR @ Se
18T R & P TR BT & R S iz, g
DFEEFALIT RERE 3B & IEE 2T, TREFN
B L FBRBICE L aE@lIcEH L, B
DEMIZS D 5 160 (F¥H12.6i%) TH -
7z, MRIZESAEERFEI L D 3825 11 4 A
T (F#3.8 7 H) iciifTEn.
EHZRHIC DV TOREOREE LT, [
I L hEER THL) Sob i, IREMERF R R D E
LTwaiaim3e, SriEsel, Eik) g
2%, BIUBHESR 4 B0 1T EH7,
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% Signa) T, WENALE > a3— (SE) %
B vT15% # E 1% (TR/TE =600 msec /20
msec) & T 25& 58 8 1% (2000~ 2500 msec /80
msec) %#fEL 72, FOV (2 1656 37cm £ T,
274 ZEiZ 446 10mm, 274 AMFEIEL
mm Tdh - 7z, WEFHFEEEER DR F @I
FAT e A BeA L L, Z AU UBEICHE LT RERE
MEmZ i, BEE2H - aie 1z ke
14 #]i2 GA-DTPA (A E 1kg 272 1 0.1 mmol
Beh5) Ik BERRAEE AT 72,

MRI fr RicB3¥ 2 REdiE I,

1, WL HRE DS 5IREE & £ ikl ok

*®
2. BEIGH MRI&, RICREOFHS &
H

Table 1 Signal Intensities and Margins of Bone Marrow Lesions

Signal intensities Margin

T1-WI T 2-WI Well- 111-
Diagnosis No.of Cases Low Iso High Low Iso High difined difined
Fatigue Fracture 5 5 0 0 0 1 4 0 5
Osteoid Ostema 3 3 0 0 0 1 2 0 3
Osteosarcoma 8 8 0 0 2 1 5 8 0
Malignant Lymphoma 2 2 0 0 0 0 2 2 0
Osteomyelitis 4 4 0 0 0 0 4 1 3
Total 22 22 0 0 2 3 17 11 11

* Signal intensities as compared to adjacent normal bone marrow

PR 5ETH2H
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3. JEI PRSP~ O M A 0 S o o AR ) A H{THho7 (Fig.l, 2, 3). ZhicHL, BA

4, DR T D2 Jifi 8 1) & JEAE 1) > oSl 2 W od-gl, B X OERES
5. Gd-DTPA fifFH A H M 4B 1 BT A2 MRS T, BEBH e 20 8
ThH5. #mw L7 (Fig.4, 5, 6).
2, BERRICD MRI &, $HICREADTE X &£ 8K
n, # 8 M (Table 2-1, 2-2)
1. REDBHEOESIARE & € DDBBOMR TG IE, HE&E D T1E#EE Tl EE
(Table 1) 5, T2 Mg CIMEIE 52 b BES DiEe ik

W BT BT 5 FHMENESHRER, EYE BETRSD b 72, 5T EHT 5 Bl4p) & HEHE 3 #1
MHAEERELOBICENT, 2FITTI1H#H H2BIT, BRELHUNLEN) ZRL, 0%
R TIREYS, T2RAGRTEH2WIEEEST 3T, EREIRZA T2, Tk
»-7:(Fig.1, 2). #AME 3 #(Fig.3), BREE L, BRIES BIrh o 4 4| & B4 4 by 16T
) > 9E20 (Fig.5), & U Filisk4fl (Fig.6) FREAFHETE (, PR ET»RBH LN
nefll, FAIESHIH 64 (Fig.4) BT oo i, BOOBBMELE, HAME4H, B
b T1MRGTIERES, T2HMETEHD 2w VrosiE 26, B & OEBRS%E 3Ho MRI& Tt
BETEELL. FHEDR) 0 2 BlidEBhes HHBBIGIE A HEE TH - 72 (Table 2-1),

shvzehde, T1HERGS & O° T 2 Mg ciEfE WHRITEPIc BT, T2 Mg CE B
FEELZ, DEEI—FOBEETHEIBH LN, LaL,

B BIE DR EILLBNE S REELE 25 &, WA ANE, B > oE BLUOEEET
W B & B2, B L UEH%L 3BT B2k ) L RIZEES N %h -7 (Table 2
T 1 8#5&E & O T 2 5FHRIC 5 W TBER A E -2) .

Table 2-1 Appearances of Periosteal Reaction

Diagnosis No.of Cases Scrgﬁgi;huggsd ‘[I;rt?:;irug Not Detectable
Fatigue Fracture 5 5 0 0
Osteoid Osteoma 3 2 0 1
Osteosarcoma 8 0 4 4
Malignant Lymphoma 2 0 0 2
Osteomyelitis 4 0 1 3
Total 22 7 5 10
3. AEHEEG~nEBNERLEREGNEE
Table 2-2 Superficial Layer of High SI on T 2-WI (Table 3)
Diagnosis Noof Cass (1) () R OWHAL I 35VF 5 RIS, TSR &
. HARBICBWTHED LN LD - 205, TR
Fatigue Fracture 5 5 0 I L . . I
Osteoid Osteoma 3 0 3 (F' 1g‘4) & %ﬁ 1) o< (Flg. 5) B&U %ﬁfé
Osteosarcoma 8 0 8 DEFTEHLN, TR TG Cirl
Malignant Lymphoma 2 . ) W D 5 %ES, T2RAGTEES2E
i ! ’ ! Lo, Bgeic 5 B o BkaBALAL A O M1 4
Total 22 5 17 BIOWRIZ, FEEMERE 16, bR
SI : Signal Intensity MERGREE R 16, B LB feic L8

(18) AR #5535 H7%
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Fig.1 Fatigue fracture in a 13-year-old male with a
3-month history of right femoral pain

(A) Plain radiograph of the distal right femur shows a
faint periosteal reaction along the medial femoral cor-
tex (arrow). A vague radiolucent area is noted,
although no fracture line is seen. (B) On coronal T 1-
weighted (SE 600/20) image, an ill-defined area of
decreased signal intensity is seen in the bone marrow
(asterisk). A low signal intensity band, continuous to
the cortex (fracture line), is also seen (arrow). This
was not discernible on plain radiograph. (C) On coronal
T 2-weighted (SE 2500/80) image, a high signal inten-
sity area with ill-defined margin is seen in the marrow
cavity. The fracture is shown as a low signal intensity
line. A layer of high signal intensity which represents
non-mineralized periosteurn is seen on the most outer
margin of the lesion (arrow).

Table 3 Soft Tissue Masses

Diagnosis No.of Cases Present  Absent
Fatigue Fracture 5 0 5
Osteoid Osteoma 3 0 3
Osteosarcoma 8 8 0
Malignant Lymphoma 2 2 0
Osteomyelitis 4 4 0
Total 22 14 8
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©
Fig.2 Fatigue fracture in a 5-year-old female with a 3-week history of persistent pain in the left lower leg
(A) Radiograph shows a single layer of periosteal new bone (arrow) along the medial border of the Jeft proximal tibia.
No discernible underlying bone abnormality is seen.
(B) Coronal T 1-weighted (SE 600/20) image demonstrates an ill-defined low signal intensity area within bone marrow
cavity (asterisk).
(©) Coronal T 2-weighted (SE 2000/80) image shows an increased signal intensity with ill-defined rmargin in the same
ragion. A smooth and continuous layer of high signal representing non-mineralized periosteum (arrow) is seen on the
surface of the lesion, while underlying mineralized periosteum showing low signal.

BRI 2 PI T - 72, 5. Gd-DTPA R MOE A
4. R:ZEREBHEDESIRENZEL (Table 4) S B DB 5 W TIHZSEE § o g s 1

B s BB G % o 1 R E O B F O FROLN, L, EEBREDIThIIEE
ik TR & L - WP 2 B s LTz fE 14, BANESHE, B> o E246, BLU
DEFHREICOWTHRET L 72, S5EEIR, Y FHER 3 BBz BT L REHC Rk R A
HISBIPD 4 6, WEE3FIbD 16, BAE BH bz,
8HIF D16, BLUEHAEABIFD 2HI2EBW
T T15FM& & T2 g THAARMIC N L %E v, = 2
FERRLE, R OEHSEN 1H, BEE?2 M, FHMROE—EALIC, —E TR ErzRE- %
BRIETH, Bik) o @2H4, BLUBHEL?2 WIZIEDREF e N1 H5R 0 R L 2 & i 7z sk
BITIE, W T18mFHE TRHESICH L % T2 FIII—MIC G BT (stress fracture) &
BeH2VIIRREES, T2mAGECEES% AR S N0 IEF B, EHEIT (fa-
w7z, tigue fracture) & R4eEH¥r (insufficiency frac-

(20) HARERSE BH53% H7%
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Table 4 Signal Intensity Changes of Surrounding Soft Tissues *

T 1-WI T2-WI
Diagnosis No.of Cases Low Iso High Low Iso High
Fatigue Fracture 5 0 5 ] 0 4 1
Osteoid Ostema 3 1 2 0 ] 1 2
Osteosarcoma 8 0 8 0 ] 1 7
Malignant Lymphoma 2 0 2 0 0 0 2
Osteomyelitis 4 0 4 0 ] 2 2

Total 22 1 21 0 0 8 14

# Signal intensities as compared to adjacent normal muscles

©

Fig.3 Osteoid osteorna in a 16-year-old male with a 4-month history of pain in his right elbow

(A) Lateral radiograph clearly demonstrates a radiolucent lesion with a small shell in the radial fossa (arrow).

(B) Sagittal T 1-weighted (SE 600/20) image reveals an intermediate-signal-intensity nidus (arrow) in the cortex of
the distal humerus swrrounded by an ill-defined rim in low signal intensity.

(C) On the T 2-weighted (SE 2000/80) image, the signal intensity of the nidus remains low as compared to the high
signal intensity of the normal surrounding marrow. There are joint effusion and thickened synovial tissue in the
olecranon fossa (arrow).

ture) ND_ODFEHI T EN L. WHEIEI, E UKL, BT E Mo WA T AE R
O IER 2 FE o B HARIC BRI X A5RWERT IVET LT AEEA0EINT, 20FREICITH
DHEDELMZ bNGHAICEL S, LWl Wiz L 25VEENIIGLT LA BEE S NE W, &
LWES # &0iciT Led 2B Siciz D3 <, MO T ORI 1%, BHRIES <
fTE -S4 (march fracture) ®&EHFH (run- FEAGEE'™, MR o 7 =5 2R YR
ner’s fracture) Zc S ZNMHENFIFICET 5, BEETUIEEIE'® e K o e B MEBE, B B v I HHE

FHESFETH25 B (21)
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Fig.4 Osteosarcoma in a 11-year-old male with a 2-month history of persistent pain in his left hip joint
(A Plain radiograph of the left proximal femur shows intramedullary sclerosis accompanied by soft tissue tumor

which contains a dense cloud-like calcification.

(B) Sagittal T 1-weighted (SE 600/20) image demonstrates intramedullary low signal intensity area, which is clearly

demarcated from the adjacent normal bone marrow.

(© On the T 2-weighted (SE 2000/80) image, the tumor in the marrow cavity are low in signal intensity, whereas a
high signal area is noted at the distal end of the lision. An axtransseous component is high in signal intensity.

PR BT R? RoU BIG RO 7 & 0 JF AT
WEFHT LN, REED L ERMEEIEE
IZ#EFE T 2 BT I9E P (pathologic frac-
ture) & LCKBIZ 592,

EHBRIOBMNCIZ, WEEC, EHEITEA
FRIC B W CHMZRBEIR #1795 Z & K8TH
5. TRz, FISSSIERT BB B ESD, 7ok
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Daffner®, Savoca'®, Sweet &' (%, ¥ % B
Pric BT 2 Bl X B0 RIE, BEOEBALL
XBIEORIIZ IV R LB & 24HL Tw
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bz HAL X &Iz v,

(1) B)—TURODB N R E %

(2) HEENOAEEE 0% 1%

(3) FEEFEN O EB{L%

DAFTND, HIWE, FOWL OB HLEN
5. L#L, BEREHcRHRENE I NS
B, FBZREICRD NN 28~40%TH
S8 e BEBGATE R LR T, %
DHFFMLH R LT T 2 L L Eh b,
FIEME B TR & DA R EE 5457
5. ez DRI TYH 28I BV TERDHEITE 1L
72, 1Bl 5 iDL IR THIEH T - ZE VL TX
T, WO X RIETHEWEBRIGE:EDH 7
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(B)

Fig.5 Malignant lymphoma in a 61-year-old male with a several-month history of occasional pain in his right knee
(A) Lateral radiograph of the right knee shows no difinite bone abnormality.

(B) Sagittal T 1-weighted (SE 600/20) image demonstrates a low signal intensity area in the distal end of the femur,
which is well demarcated from the surrounding normal marrow. Extension of the tumor into the surrounding soft

tissues is also clearly demonstratd.

(C) Sagittal T 2-weighted (SE 2000/80) image clearly shows a geograhpic distribution of increased signal intensity of

the tumor and around the distal femur.
12826 & T\ 19-18),
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Fig.6 Osteomyelitis in a 36-year-old male with 3-week history of pain and swelling in his left ankle

(8) Lateral radiograph shows cortical thickening and extensive sclerosis in the distal end of the left tibia.

(B) Sagittal T 1-weighted (SE 600/20) image shows a large area of intermediate signal intensity within the marrow
with continuous extension through a cortical defect to the subctaneous fatty tissue (arrow).

(© On the T 2-weighted (SE 2000/80) image, the lesion is markedly high in signal intensity, surrounded by the

thickened cortex which is low in signal intensity.
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