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The Significance of Bone Scan in Trauma in Orthopaedic Field
Han Koo Lee, M.D., Soo Yong Lee, M.D. and Soo Ho Lee, M.D.

Department of Orthopaedic Surgery, College of Medicine, Seoul National University

Clinical experience with ™ Tc-methylenediphosphonate was presented in 115 patients with trauma,
who were treated at Seoul University Hospital from Jan. 1980 to Dec. 1983.
The results were summarized as followings:
1. Bone scan exhibited increased uptake in all cases examined within 1 year of trauma and the
frequency of scan positivity was diminished as the interval between trauma and the scan increased.
2. The possible factors associated with positive scans in cases more than 2 years after trauma were
malunion and post-traumatic arthritis, but the age, general condition of the patient were not appe-
ared to be significantly related to persistent positive scan.
3. Bone scan was thought to be sensitive enough to detect early stress fracture not accompanied by
radiographic abnormality.
4. It seemed to be reasonable to judge that the fracture was old when the bone scan of vertebral
compression fracture in the young age group was negative except very early stage of trauma.
5. Bone scan was very sensitive to find early post-traumatic avascular necrosis in femoral neck fra-
cture when the roentgenographic finding was equivocal.
Key Words: Bone scan, Trauma

o il Risr u} gond, v volrt A&zt of

I. M = Aol A Fag ¥ FE Axshe Aol Ao 54

o o218 wol s AT oF 4R A4F ol

5 24 °‘°1/<i o dakd el Ape uhapAd H7HE 2l FFAHE Aldskoldd 154 22
Astols] 44 whapd Al ot

A 5 L3t B bzl Al L3He ubelr).

L2 zcgio) 7%—;4»} 2] 2o Ak, 5

FE4 & A At 2 5 Bgle] of ], O. oA A

BAREA Fo] Rl HFFAH AT o 5t

A, T 2EAs Y AF FHFA FTFAPH A-gofstad Y A E e gpoll 1980 14 He] 1983
o] ol ulgt AAp o T o Aol A2 EFA9 W 129742 sbq4dzh B B st FF4)
o] 8o} Mzl Frtale Faloln Fujol AR 9] Akl E Al 10248 5 £gg ol 4de el e
Aol FFA o] £rbsAlel e wxA 9l e} 1152 & s dbo 2 @lou, ojoly uhapd b Felgt
L e FAHZFE £Ael U Aok dpd SAoletE

Wl gl o)ehd £AAF 2 Abe

do

5 I 4to]
(] =]
, 9 W Rl BEA 98 gAzch 94 FA % ARG ARl HA
L el 19808 Aedeadd SAaqra & et 24 A elskdeh
ISR

-32 -

P



m. & H
FZ 4= 99 Tc-MDP (Methylenediphosphonate)
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Table 1. Relative applications of bone scan in
orthopaedic field (1980. 1—1983. 12)
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Diagnosis No. of patients(Percent)
Unexplained bone pain 212(20.7) Fig. 1. Bone scan 3 years after right trimalle-
Arthritis 189(18.5) olar fracture. Uptake is diffusely increased at ri-
Osteonecrosis 162(15.8) ght ankle joint.
Osteomyelitis 143 Table 2. Categories of application of bone scan
Acute 59( 5.8} in trauma
Chronic ' 84( 8.2) Category No. of patients(Percent)
Metastatic disease 1?7(1?';) Peripheral bone trauma 41(35.6)
Trauma L15(11.2) Determination of age of 50(43.5)
Primary bone tumors 64 vertebral compression fracture
Malignant 51( 4.9) Stress fracture 8( 7.0
Benign 13( 1.3) Post-traumatic avascular 11{ 9.0
Failure of joint prosthesis 9 0.9) nécrosis
Metabolic bone disease 3(0.3) Non-union 5( 4.3)
Total 1024(100.0) Total 115(100.0)

Table 3. Anatomic and temporal distribution of positive scan sites in peripheral bone trauma

Upper Lower
Time Total extremity  extremity Ribs Clavicle Hip Shoulder Total
post-trauma Sites or Hand or Foot
2 4 0 1 1 0 8
( 6mos. 8 +
- 0 0 0 0 0 0 0
1 3 0 1 1 0 6
6mos.—1yr. 6 +
— 0 0 0 0 0 0 0
+ 3 2 0 1 0 0 6
lyr.—1=yrs. 8
i - 0 1 0 0o 0 1 2
1 + 1 2 1 0 0 0 4
1= yrs.—2yrs. :
g YIS TS > 0 0 0 0 1 0 1
+ 1 2 2 0 0 0 5
2yrs.—5yrs.
YIS oy 0 1 3 0 1 0 0 5
+ 0 1 0 0 0 0 1
Syrs.
) oyrs oo 1 0 10 0 3
8 3 3 2 0 30
Total 41 + u
— 2 5 0 2 1 1 11
+ : positive scan, — . negative scan
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Table 4. Distributions and findings of stress fractures

Age Location of

Case (Yrs) fracture X-ray Bone scan Bilaterality Comments

1 15 Tibia (=) +) (=)  Volleyball player

2 23 Tibia (=) +) (+) Jogger

3 19 Tibia (=) +) (+) Jogger

4 14 Tibia Cortical thickening +) (=) Ping-pong player

5 17  Femur neck Medullary scle- +) (=) Basketball player
rosis Knowles pinning done

6 21 Distal femur  Periosteal new +) (=)  Volleyball player
bone formation

7 20 Lumber spine Impending spon- (+) (—) Gymnast
dylolysis

8 45 Ribs (—) (+) (+) Golfer

p

Fig. 2. Multiple focal lesions in adjacent ribs
indicates a high probability of trauma.
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Fig. 3. A. Suspicious defect in left pars inter-
articularis of the fifth lumbar vertebra is noted.B
Bone scan exhibits focal uptake(arrow) on the left

side of L5.

s
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A B C

Fig. 4. A. Normal roentgenogram of tibia at

the time of bone scan. B. Bone scan shows focal

increased uptake in the middle part of the right

tibia. C. Roentgenogram of tibia, showing cortical

fracture line which appeared 3 months after the
bone scan.
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Fig. 5. A. Roentgenogram exhibits exuberant
periosteal new bone formation at distal part of
femur in volleyball player. B. Bone scan also sh-
ows increased uptake.

Table 5. Temporal distribution of positive scan sites in vertebral compression fractures

Time

Post-trauma Total sites Scan positive Scan negative Percent of positive scan
<6mos. 12 12 0 100
6mos. —1lyr 16 16 0 100
1 yr —1 % yrs. 8 2 75
1 —yrs — 2yrs. 8 7 1 87.5
2yrs. — byrs. 5 1 4 20
>5yrs. 1 0 1 0
Total 50 42 8 84
Table 6. Distributions and findings of bone scan in non-united fractures
Case (Qfse.) Location Bone scan ’Igz)?ftrauma Management
1 53 Humerus Increased uptake 11 months Plate & screw with bone graft
2 29 Scaphoid Increased uptake 19months  Excision of proximal fragment
in wrist joint 24 months
3 67 Femur neck Increased uptake  24months T.H.R. A*
4 55 Femur neck Increased uptake  13months T.H.R.A.
5 32 Femur shaft Increased uptake 16 months  Plate & screw with bone graft

S/P Kiintscher

nailing

& electrical stimulation

* T.H.R.A.: Total Hip Joint Replacement Arthroplasty
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FIg. 6. A. Fractured scaphoid with avascular necrosis of the proximal fragment. B. Bone scan shows
diffuse increased uptake in the left side of the joint due to traumatic arthritis.

.. Fig. 7. A. Femur neck fracture. B. Closed reduction & internal fixation with compression hip screw. C,
Roentgenogram at the time of bone scan (post-op. 10 months) shows no definite evidence of avascular ne-
grosis. D. Bone scan shows photon deficient area in the femoral head and increased uptake at the fem-

oral neck.
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Table 7. Distributions and findings of bone scan in post-traumatic avascular necrosis

Age Location

Time

Case (Yrs) Bone scan post-trauma Comments

1 62 Femur neck Decreased uptake 9months
2 74 Femur neck Decreased uptake 13months
3 71 Femur neck Increased uptake 3months
4 32 Femur neck Decreased uptake 10 months
5 26 Hip dislocation (=) 5days C/R* 5 hours after trauma
6 34 Hip dislocation (=) 4months C/R 10 hours after trauma
7 66 Proximal humerus

fracture with sh- (=) 3months O/R & I/F**

oulder dislocation
8 50 Proximal humerus

fracture with sh- (=) 5months C/R

oulder dislocation
gres 27 Scaphoid fracture  Increased uptake 19months

in wrist joint

10 29 Lunate fracture (=) 4months Cystic change in X-ray
11 8 Talus fracture (=) 2months Sclerosis at talar dome

* C/R: Closed Reduction

** O/R & I/F: Open Reduction and Internal Fixation
*#* This case is also included in non-united fracture in table 6
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: No appreciable changes in bone scan

7+ B4t (Fig. 6).

Z
<]

ol
7. M FEY AL

WE|AE FH F 64Y o Fo
3 BF Y42 FEA 4
o (Fig. 7), 134 FALTHE F4 &
E8d zaolAE 4kel FA dsleh, A
Ry sk SR 44T o AR #
Fab BE4r4el 278 99 Table 7),

of

—

V. 1

197214 Subramanian®” 5-¢| **® Tc-polyphosphate
TRl AL A8 F BFA Ao 0
o] £Elglrt, "mTc2 zwjellfx] ZEsF 140
KeVolm 4717k 6AZHER BFApl a9
Beld S48 AR Qe 19 At
o5 ABsld By g oke| ey 54 wlFol )
AU ZAE A FaAA DA o] To

A4E Qg 4 sk

RN
=2
o

E
=
]
5}

_r.

$7400] 4835 AL

2= polyphosphate #]¢l] diphosphonate, pyrophos-

phate 50| gl el E£3| diphosphonate= A% F
of Afol] led sbe FA47b 2HLElx] RelEE s 7t
2 LA FFAAE M St AR ¢HA

2/]\‘;}_9 22, !1)-

-37 ~

wen Te o] AFE-ghal &= Fi-S 53l 2848 4
¥ & Fwuiog olg T BEFAAHANA4 Are
Aol 4=, o) AL oy A Wi

=] =] ¢kek o} hydroxyapatite crystal®| Z&3 +
Apo| 22| ) 3ta} Aeds]e] A3HL A |4
11— YA DGl = AzEE Aoz gz Qe

oabebal ALGE P B Aol A’ Relled
o F& 4F8% deblE Aol B Xl ¥
8l ARkl B FolE d4 & AHES HY
Aa2 dhepebh e,

24 BR4E BUAF BU % 94349 4
Moz ARZA F4EHE Mold HopzAo] o

A7 A zstd A FE5457HE Bo|xdl, Rosen-

thall®® 50 Zd F 242) 7} o] el 95%0l4 &
22512 yolrtn o, Kim™, Matin® $&
445 390] ASHNE FaH TEFFH UL

 ZAe] opetT AIME Fcobi ok, Mu

heim! 5. 44% TE4+= Az 78 3= 7

Zo| HeAESE Bl F 2 YD S A
A3 4o #a Kim 52 54 1| ol
ol 42| ok4 &2 T0%2 AAl FAHE 26%Ect @
A3 wokow 21 o4k A 4A kAR g Bl
ASE Fxd Ay 3 244 Fdde] FUalel
gb #oh, =3 EF A4 ade] Aelotat T

= 4L A 7R o] vehd =, A



oX
mﬂ
o
[+ d
o

B]
SRR P
Zoll F71E Holx A
7F& B}
1 4 o
50%01]

\_o}

S
ox ar
2
L
T

2

o
b
E’ —l
qr ©
ﬂ)ﬁ,

o] T
o T it e [MUF
a2

a3
ik
e *

Y
W
Y
i
do

!
l‘i

™

R

oX

ok
2

2
o2
oX

o ¥
X ox o

¢%;ﬂﬂ
73 %2 )]'z o] 3k

*]
=7

2o jrox 2> K2 e
@
hul
e

2o ook

2 oox AL

S o

Wllcox"' =2 Aol xvhal AEdH A7F 718
A Z7)oll FEFF7F AR F Fopdl Tl 27t B
A7le A A BEFE RE5E S s
LEH"” A = 4A -'?'—El b B e |
T oleidt sl2Ed
g WSt gom, 247
»}] "—13:]32]- intramedullary sclerosis) =+
A FH 4 5ol vebtol galo] ¥ =0 200
Holl 4 FaAAL 2~aF Apolo] FEA
7loll Wb £ A & 60%0ll 4 FAloleta
Sweet?? 5% 3] 24 b & gl Al &
| Jetdrl 7hz] B 2~3F2 Z7ld] whapiA
AL 7}-8-4) -(false negative)o] &85 #Z3}irt.
Genant'® 52 ul2 4 £ Eg L7} 7l 5 dlEA]
FAo] 4rle AL ohH FEYE
5l okl 2| B2 AMEFHo| AElE o] ulrlAl
ol wx BFAMRY P02 hehdehi o}
1] 7+ E (sensitivity)ol] dlall Sol %

54 5o
(specificity)7} W& ZZ35lo] yl=4] _i,_.?_ Wkl

%‘
ok
ot

|
3 2l

AL ¥ o2 of mk 2
lo

Foli F4

B

[o]

2 o.,): I'Ulo
kg
Y

ool 2|t &Alo] Y asien ok, AxEY A
2 8 F 4dE FTF4F 4l *l7l°*l upapAL AF
SA4o l°4°"% o] lele Z¥F wApdAtd o g g
= glel, ma 2@ A 27w AR F
v gt “di} e Bed ZrlwAd ok Ane A3
A4 FHE S5 E nlodoll wklg el gt
FFAHE 249 ATA4 - =8¢ FH9 5

3 2AEA Sol RAY HF hAEAAA 5l
20 A4pgolc), Alffram® & H& oheEel4
“4 % 6AY ol el A, 67HYel4 185
9 apolal 5090l 4], 1849 ol Fal 183 % w1
dol 4wt FEFEFHE ek e, A4S
ASE 44k 1ol dalol A, 213 o Fol 6

- 38 —

X

N
)
wn
o

XI

‘_ o] A AL 7351}.
0_% A2 xlch, 712y Fordham'
21 ATFA % Aol

oX
=
o oy

&
o 2o &

™
)

K
X
S

H

by

ofr
= ol o
oX nlo

¥

o gropalctn #eh, e}
%ow 6744 ol 5ol &

2

|
=

)

N op
ok jof
oX

+ bt ool K
[V TS D S

2
me ST rlo

=0
*L

zL $4aelAe BRAE Aok &
Bauer'”, Johannsen'® %2 x|§-
:“"Z*—T"P :6" 22 Bfo] dladsle T el
27F ek oo, Gumerman'”, Muheim,
Alavi” 52 27} e}l @), Desai'? 5& 77 4|
of B43 TAAA 31 FFAlA 1’% Helo| F

F4571E Roly TolAE A 2pFulel] 2]t ok
SFol 95%<ldl dks EESAL 4 da 2
z9)oll 45715 1ol FollAL a4 Fa7
28 FHae AT Al Aol A So] = 3k
z}e] durel) 283 27287 el el Gu-
merman'? -2 T2 Ao 4 EF3Fll A% 80%

=z
= 24l
X

g

dAE FEFFHE 2o A4 Ee AdGEs
s %AM"E stz = E7hssieh ¥l
o, AxE AL AT AP FFAE
Al 2 &t MMM FE5T57te 2oedl Fol4 ¢
A7) 203 A MY ulell ATE THFE 2y
ct.

HE AN FHA A ETFY FHA A4 ARE

K-
T

Tucker*® ¢} Boyd'" = P, 71" %-& %S5r, Meyers®
52 m Tesulphur colloid & 4}-£3le] z7jol] 3t
Ag 4 dopa g od, Turner’ = *™ Tc-anti-
mony colloidol] 2]t ZF4F2}(bone marrow scan)
B2 =4l 4847k ool FHA ) Aol o
@ ol FF Ahe 4 Ao Ao A8l A9
el A FAE wpd £A4 Ao r Ho)
13ldl A T34 Al A FRE 9’15]‘5"':9
°4 44 5 ZoUAE
4 ol g 4 -’i*l i’“

2 I)—

ok fr &

2
i—i

ox

T

345

F7hsh F450)

i)
a

2ol



N. & £
1980 144 1983 129 74| =k 447k o 4k
F oY HIE 3 TFAE A Js‘ﬂ &l 115
ﬂh} g4 B4 Az ob-gak 22 A ES dsinh
1. T34 4 19 olulal Aalol A ok4o)
Hom, TF A7t Azl ael FFF7EAAE 3
ES
2. 2ol AEHog FETFHE B AS
A, Bxle| A4 53 SHF A+ e
, BARE 2 44 wadde] dqle sz
AL s Seh,
3. FFAbe s A &7 WdebdAl ¢ 9]
2EA z7) Axtel o9 ulAgt AAgoR 4}

=59},

4. 32 dH9F HF: ohubFAdlH FF4Arst
$4 AS £ F2AE AslsR 2ol 4 A
gy AT4H FHE A E F8 Aos gy
o},

5. AR FHA A4 HEFTY 4R
7F el G AL FFAe FE A4 Al E
$o) st

REFERENCES

) e 2% . A% . 25 . F3E S
rontium-85 -8 A}-83+ Bone scanning 2| ¢ AFA
7hzl el BwEF AT, o 3HA ] 2] 3}8F3] 7], 6:385
-391, 1971.

2) W E - AEA - ESE D Te-99m-MDP (Me-
dronate) & o] £3F ZA 3] Z27|Ackd B3k
DAY a7, dlarda olsies)x, 18:196-
208, 1983.

3) frEA - AT - A ATETHAF A3
w2 T Azl o3k 9 Iehs] x|, 19:
492-500, 1984.

4) o7 - A F - AWI I EFFF AdAA F
k2] 29, gAY 9 5}hetsl A 16’873-
881, 1981.

5) o] kT« A A . 7‘-"%} - A3 F sy F
d o Aol FFAe 2g, Y 94
P 17.-791-797 1982,

6) A3 « g4-% - Shaw, J. C, £4Z - FTA
A F AR dAbA 58, daAYelal
31 %], 14:147-157, 1979.

7) Alavi, A., Desai, A., Esterhai, J. Brighton,

-39 —

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

C., Dalinka, M.: Bone Scanning in the Evalu-
ation of Non-united Fractures. J. Nucl. Med.,
20:647 (abs), 1979.
Alffram, P.A., Lindberg,
ting of **Sr in Vertebral Fractures.
Joint Surg., 50-A: 563-569, 1968.
Alun, G.J., Francis, M.D., Davis, M.A.: Bone
Scanning: Radionuclidic Reaction Mechanism.
Semin. Nucl Med., 6:3-18, 1976.

Bauer, G., Weber, D.A., Leif, C., Lennart,D.,
Niels, E., and Bjorn, S.: Dynamics of . Techn-
etium-99m Methylenediphophonate Imaging
of the Femoral Head after Hip Fracture. Cl-
in. Orthop., 152:85-92, 1980.

Boyd, H.B., Calanduccio, R.A.: Furthcr Obser-
vations on the Use of Radioactive Phosphorus
(P*2) to Determine the Viability of the Head
of the Femur. Correlation of Clinical and Ex-
perimental Data in 130 Patients with Frac-
tures of the Femoral Neck. J. Bone Joint
Surg., 44-A: 445-460, 1963.

Desai, A., Alavi, A., Dalinka, M., Brighton,
C. and Esterhal, T.: Role of Bone Scintigra-
phy in the Evaluation and Treatment of Non-
J.

L.: External Coun-
J. Bone

united Fractures: Concise Communication.
Nucl,, Med., 21:931-934, 1980.

Fleish, H., Russel, R.G.G. and Francis, M.D.:
Diphosphonates Inhibit Hydroxyapatite Disso-
lution in Vitro and Bone Resorption in Tissue
Culture and in Vivo., Science, 165:1262-1264,
1969.

Fordham, E.W., Ramachamdran, P.C.: Radio-
nuclide Imaging of Osseous Trauma. Sem Nu-
cl. Med., 4:411-429, 1974.

Genant, HK.: Bone- Seeking Radionuclides:An
in Vivo Study of Fractors Affecting Skeletal
Uptake. Radiology, 113:373, 1974.

Geslien, G.E.,, Thrall, J.H., Espinosa, J. L.
and Older, R.A: Early Detection of Stress
Fractures using **™ Tc-Polyphosphate. Radiolo-
gy, 121:683, 1976.

Gumerman, L.W., Fogel, S.R., Goodman,
A, et al:
aluation using Radionuclide Bone Imaging. J.
Nucl. Med., 19:1320-1323, 1978.

Johannsen, A.: Fracture Healing Controlled

M.

Experimental Fracture Healing: Ev-

by " Sr uptake. Acta. Orop. Scand. 44: 628-



19)

20)

21)

22)

23)

24)

25)

26)

27)

639, 1973.

Johnson, L., Stradford, H., et al.: Histogenesis
of Stress Fractures. J. Bone Joint Surg., 45-A:
542, 1963.

Kaye, M., Silverton, S. and Rosenthall, L.L.:
Technetium-99m-Pyrophosphate: Studies in Vi-
vo and in Vitro. J. Nucl Med., 16:40-45,
1975.

Kim, H.R., Thrall, J.H., Keys, J.W.: Skeletal
Scintigraphy Following Incidental
Radiology 130:447-451. 1979.
Kirchner, P.T. and Simon, M.A.: Radioisotope
Evaluation of Skeletal Disease. J. Bone and
Joint Surg., 63-A:673-681, 1981.

Matin, P.: Appearance of Bone Scans Follow-

Trauma.

ing Fracture: Including Immediate and Long
-Term Studies. J. Nucl. Med., 20:1227-1231,
1979.

Matin, P.: Bone Scintigraphy in the Diagnosis
and Management of Traumatic Injury. sem-
tn. Nucl. Med., 13: 104-122, 1983.

Meyers, M.H., Telfer, N. and Moore, T. M.:
Determination of the Vascularity of the Fe-
moral Head with Technetium 99 m- Sulphur
-Colloid. J. Bone Joint Surg., 59-A:658- 664,
1977.

Muheim, G.: Assessment of Fracture Healing
by Serial 87m Strontium-Scintimetry. Acta
Orthop. Scand., 44:621-627, 1973.
Rosenthall, L. and Kaye, M.: Technetium-99
m-Pyrophosphate Kinetics and Imaging in M-
etabolic Bone Disease. J. Nucl. Med., 16:33-

_40_

28)

29)

30)

31)

32)

33)

34)

35)

89, 1975.

Rosenthall, Leonard., Hill, R.O. and Chuang,
Sylvesten: Observation on the Use of **™ Tc-
Phosphate Imaging in Peripheral Bone Trau-
ma. Radiology, 199:637-641, 1976.
Stevenson, J.S., Bright, RW., Dunson, G. L.
Technetium-99m Phosphate Bone Imaging:a
Method for Assessing Bone Graft Healing. R-
adiology, 100:391-394, 1974.

Subramanian, G., McAfee, ]J.G., Bell, E.C,, et
al.: *™ Tc Labeled Polyphosphatc as a Skele-
tal Imaging Agent. Radiology, 102:701.1972.
Subramanian, G., McAfee, J.G., Blair, R. J.,
Kallfelz, F.A. and Thomas, F.D.. Technetium-
99 m-Methylene diphosphonate- A Superior A-
gent for Skeletal Imaging: Comparison with
Other Technetium Complexes. .J. Nucl. Med.,
16:744- 755, 1975.

Sweet, D.: RPC of the Month. Radiology 99:
687-693, 1971.

Tucker, F.R.: The use of Radioactive Phosph-
orus in the Diagnosis of Avascular Necrosis of
the Femoral Head. J. Bone and Joint Surg.,
32- B:100-107, 1950.

Turner, J.H.: Post - Traumatic Avascular Ne-
crosis of the Femoral Head Predicted by Pr-
eoperative Technetium-99m Antimony- Colloid
Scan. An Ezperimental and Clinical Study.
J. Bone Joint Surg., 65- A:786-797, 1983.
Wilcox, J.R., Moniot, A.L: Bone Scanning in
the Evaluation of Exercise-Related Stress In-

jurtes. Radiology, 123:699-703, 1977.



	asd: 


