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Experimental Study on Changes in *»Tc-MDP uptake of the Tibia during
Blood-flow and Skeletal phases

Hae Bung Lee, M.D. and Hong Kun Lee, M.D.

Department of Orthopedic Surgery, College of Medicine, Korea University, Seoul, Korea

The purpose of this study is to observe the changes in ®™Tc-MDP uptake of the tibia during blood-
flow and skeletal phases and determine the clear borderline between both phases.

Serial *®Tc-MDP uptake measurements were performed, as control, in ten matured rabbits with skin
incision only and in thirty matured rabbits with fractures of middle and distal one-third of tibia, at ten
minutes, thirty minutes, one hour, two hours and four hours after injection of bolus.

A value in uptake ratio was calculated by measurements of *™Tc-MDP uptake at each observation
time for analogous regions of normal and fractured tibia applied with or without tourniquet.

The results obtained were as follows:

1. Group I (skin incision only in ten rabbits)

1) Without tourniquet, the mean **®Tc-MDP uptake ratio tibia was value of 1.05 at ten minutes,
0.97 at thirty minutes, 0.99 at one hour, 1.01 at two hours, 0.97 at three hours and 1.08 at four
hours.

2) With tourniquet, the mean *®Tc-MDP uptake ratio of tibia was value of 0.61 at ten minutes,
0.64 at thirty minutes, 0.76 at one hour, 0.98 at two hours, 0.94 at three hours and 1.05 at four
hours.

2. Group II (fracture with K-wire fixation in twenty rabbits)

1) Without tourniquet, the mean *™Tc-MDP uptake of tibia was value of 0.73 at ten minutes and
0.80 at two hours.

2) With tourniquet, the mean *™Tc-MDP uptake ratio of tibia was value of 0.45 at ten minutes
and 0.76 at two hours.

3) There were no significant change of the *®Tc-MDP uptake ratio in two to four hours after
fracture whether the tourniquet was applied on or not.

3. In cases with tourniquet application, there were no significant changes of **™Tc-MDP uptake ra-

tio during two to four hours in group I anda II.

This experiments suggest the optimal time for evaluation of the skeletal phase is in two hours fol-
lowing the injection of bolus?*®™Tc-MDP).

Key Words: Radioistope scanning, of bone, in fracture of tibial shaft, in rabbit.
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Fig. 1. Specially designed tourniquet. This tou-
rniquet was used to evacuate whole blood during
static phase on the examined limb.
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Fig. 2. Graphic presentation of skin incision and
fractured with K-wire fixation.
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Table 1. **»Tc-MDP uptake ratio of skin incision and fractured with K-wire
fixation in 30 adult rabbit cases

Group Time 10min 30min. lhour 2hours 3hours 4hours
Before 1.056 0.97 1.03 1.01 0.97 1.08

Skin apolication 1.11 0.96 1.04 1.04 1.01 1.11
incision PP 1.14 1.04 1.07 1.05 0.98 1.09
only(1) 0 . 0.98 0.9 0.93 0.98 0.94 1.10
q 0.97 1.02 0.98 0.99 0.95 1.03

After 0.60 0.64 0.76 0.98 0.94 1.05

application 0.54 0.72 0.85 0.92 0.89 1.06

of 0.65 0.66 0.78 0.97 0.96 1.00

tourniquet 0.50 0.57 0.61 1.01 0.90 1.06

0.71 0.61 0.72 1.02 1.01 1.08

0.83 0.69 0.78 0.81 0.95 0.79

0.76 0.73 0.85 0.85 0.86 0.84

Fracture 0.79 0.79 0.93 0.95 0.93 0.89
with K- Befqre . 0.81 0.83 0.92 0.94 0.96 0.95
wire application 0.83 0.86 0.84 0.91 0.94 0.98
fixation of . 0.79 0.63 0.76 0.76 0.89 0.74
() tourniquet 0.75 0.61 0.59 0.84 0.79 0.76
0.53 0.60 0.53 0.78 0.87 0.69

0.76 0.64 0.85 0.69 0.72 0.65

0.43 0.52 0.75 0.60 0.59 0.61

0.45 0.50 0.62 0.76 0.79 0.75

0.41 0.49 0.68 0.58 0.69 0.69

. 0.46 0.61 0.69 0.74 0.64 0.68

After 0.41 0.55 0.66 0.69 0.59 0.70

application |  0.58 0.40 0.57 0.72 0.79 0.84

of 0.49 0.41 0.56 0.83 0.84 0.98

tourniquet 0.34 0.48 0.63 0.76 0.92 0.92

0.37 0.51 0.59 0.92 0.98 0.65

0.58 0.51 0.59 0.84 0.84 0.61

0.41 0.54 0.61 0.76 0.78 0.72
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Table 2. Mean value of uptake ratio of skin incision and fractured with K-wire fixation in 30 adult rabbit cases

3hours 4hours

2hours

1hour

30min.

10min.

Time

Group

0.97+0.03 1.08+0.03
0.76+0.06<0.05 0.98+0.04<0.5 0.94+0.05<0.8 1.05+0.03<0.8

1.01+0.03

0.97+£0.03 0.99£0.03

Before application 1.05+0.08

skin

0.641+0.06<0.01

0.60+0.08<0.08

of tourniquet

incision

After application

only(1I)

of tourniquet

p value

0.81+£0.11 0.85+0.12 0.79£0.12

0.69+0.11 0.7840.13

0.731£0.14

Befor application

Fracture

0.45+0.08<0.0001 0.50+0.06<0.0001 0.62+0.04<0.01 0.76+0.09<0.5 0.79+0.12<0.8 0.75+0.12<0.8

of tourniquet

with

After application

K-wire

of tourniquet

fixation
(Im)

p value

-194-

Aol 4% 1089 0.45+0.08, 30-20) 0.50
+0.06, 147kl 0.62+0.04, 247kl 0.76+
0.09, 34|zkel] 0.791+0.12, 4 A7kl 0.75+0.12
olgleny, 4% 1089 7A¢ AFaA A&
AHS-qt A9t ALEEx] g ARy FYE}
A dokod $EF 3089 A9E AFal4
A g A4 A9t AFgdlx] e Aewc
HAES} JHE dokon, 14709 AL 27
Toll A A A Aot AHREA g A
$xet A TS F7E dype).

2y FEF 247, 347, 44719 AL
€ AT BT A A 3 48k o
TAteldl] o]t zpo] 7t ¢lglch(Table 1, Fig. 2).

KB
A

&2 9 ux

ARE FAF AFAYA #HE 2719 W
FAFHY dFo] P4 ol Aot 4T 647l
Afrobdl 27 A5 9F02 3dole] wiy
Fo] vehtm ZAe] 4=

195010 Tucker §'% o] radioactive phosphorus-&
AHgete HEAY ZHF ETT T4 A4
2] kel of % o] F 195811 Bauer¥:= **Sr-&
AHEeted Z 249 Al A4k 2 o) %
2 YSr, "F, Ga%9 FHHU4E] YA} o
el Aj4 2249 At 2AREY BHoz
AF8-= o] glr}. 19711 Subramanian 3} McAfee'?
7} phosphate compound & **Tcol] B2t }&
% o] 32 pyroghosphate, tripolyphosphate, diphos-
phate 58] «]2] 7}x] phosphate compound 7} 74t
= gl o] % diphosphate compound: & o] 4
o whe AL F3h A¥2AY ¥ go| 6.601
2 Bolo] Aago] £T AHT3 B Fo&
MEE 3112 ARTol oS ¥ ARAY.
AYIsh JAol A BFA Bgade Wy B
& Aol 4ol BHBAL At pake] ohieh 3
Zollv FANE §8etd FAFYAYE AT
AFEo] R g},

A FH YL Bl FEE Ade A @
HAA A get oldl Mt o3 ATFR I g},

Hughes® & Sada Aol Wiy $HU4E 3
AR FAste Azl A dejrke ol4bzhy
T Ao ® s yyoe Ay "ad F98
A FH YA ¥ S Hel Ba gt E4ta)
Al 5o BAld Aol A Fick® o) #) 14aje] 93}
o ¥ AELAL B3 Py o 24
(T A Yol 2L FTHULE AAFE A



ZE AL g 2AN0 2 HASA He 2% 2
Al 22| hydroxyapatite 9| f A}zl HoddAl =
i ghglet. 2ev sk 2 WA EAe] Wy
34 =\ Galasko® 7} =) gt v} o] FA 2]
A 3ol F2]F-oll4 Prostaglandin E, F o} 2u =
7t2 el g Eae] zeso] ¢l ¥F
7t E7bekAl sek. old dRFrhet A A
wg Ahbg A4 Y ErkR s Fxae di-
phosphonate & 471 oF 4w A% FrbshAl e} =
ehA THFAM] FAHR-E FHUAL YRS} FolA|
= AL FTAd =E YA Ae ¥4 FHas)
el ZAQldhs @R S 9 FAY A A4
ol gale] ek FARHY FHAL4] o}
S7t8t7] W el

1977 Galasko® = E-9 ¢l 4 F43}3-& vascul-
ar phase ¢} bone phase §7}x] 2 o & 514 0 {1981
1] Stephan'® & dynamic phase ¢} static phase 2
2£%31e] dynamic phase’ $9)04ZALE 10~20
Z7bell o) 2o] x|+ arterial phase s} 20~30 &7}l
o] Zo] x]= venous phasey 302 Fol| o] Folx]&
blood pool phase?] 37txj2 Al23lgdos 227
o) F%5 EAlEol AHsHA H& static phasez
Eol7HA] ®cla ¢}, o] static phase= Tomo-
howol Slshel FAEelH 2474 A Ahehast
o} 3 Kirchner ¢} Simmon?® & 2}3+2] A6 ¢}
o} 4 3417t Hughes® = 79 AZ2] AL 447
2o Aackn s,

ke 4ol A slLBAE AW A 12k
FTAHop | F K4 s WiHggh & 2F EFo4
FAF 10238 247 Aol AL At A8
ARt 2 A7k A S AEskA] ¢ A
SRt FHd4] AYEF Wko, 247 o)
Foll= T Y4 BAE AP AEFTF9
T FYR ofAkE HolAl Sglomg blood
pool phasel= 227k o] zell o] &= 1 o] FHE
bone phase & o|g) ¢ <& 4= e},

o] 4 A z}8] Aszl= Tomoho' 9} F43 A&
velW ey Kirchner 8 Simmon®, Hughes® g}-=
2ol & vehy glct.

EAF 5 L FF57F 4SS AhA wke
AAFE F s AR At =e) 2o,

1976 1] Rosenthal .o FA2F 8042 TA 3}
z}oll A pyrophosphate \l diphosphate &  2}-23}4
TAF A TARNA F5EY Frhob vepdot
3 3y 3, 1981 Kirchner® & 24 24 2] 7} Fo|
"iTeo] TARoll A abs]s] Alabgieli dhgeod,
198311 Gregg %2 40019 AFEFAA ""Tcg

ol &7t T FAMANA Aol o] A$ 2447l F
719 TEF A£AS Belvtm Radlgdr 1983y
Tunner'® & *2Tc-MDP 2= T4 3% 484]7b0] Z
viol T Aol Al FAo] galsdvla syl

1984 5" & 4048 AT FARRANA At
9 A7l A F4xE8 F7HE BuEigdrt.

ol Ao| F-& FAHF ZrlolA w4 FHY
47 olAldgo| v ARzl $Ax0R By
L blood flow phase & A% QA4 zle] 7 =ps}
o] okl bone phase & o|g) 3] o2 blood flow
phaseo] 4= o822 g vlgdAAA FHL
£ Y5 A ko] WA ejolnt THY
A2 FAWIE AT + U7 wFol] WA,
Zetv A7l ATl AE o]/ 24 R4S wiA E
= o] Zusle] A o it 2 47
o4 BEA A9l wlAg Wakoh A= 9 eAeh
£ 2 sjebe] Brbsstch.

AaEe) 4Gl AL 44 247 o3 Ao
103 AE B4 okt ARG AHgstd U4l
Ho2 FAUFE AANT 2WY A 4TEA
T AL g 0.45 s HAdAMS Ay F
9 H9E 0.60024 FAHEA B o] & &
o35 vepugiet.

ol A xze| AFAFARA FAR=a}o 4 * Te-
MDP & o] 88 54L& A4 247 o] F4x
Z7)d FAY2] FErHE ¢ F A 4=
Hu o8 §t Asks FEAHAA g Aol
UA Aol e £ o dF7t "ag Heg
AL& s},

2 o

*nTc-MDP & o] £51 FFALE o] L35t TyY
o FEF 9 FoAY W3E 2/ %y aasin
blood flow phase 2} skeletal phase & #2357 ¢
3l A4<7tE 300ke] ok AFS gt e R 10+}e]
€ AE9 s)F AARkE Al dxFoen 3}
LA 1E) 20steldAdes AEFFHL ob714A K
ZALE WaAstgcet(H 2E).

M1l Y 23 BE JFEAA ¥ Tc-MDP 1~
1.25mCi-& = Zq] g+ & 103, 302, 1472
AlZk, 3217, B 447k RAORA AFFEY
ok b & 2 Fold] ABNHY Fgokd 2

A3kl et

2ol YL A4t FE AT
B35 WRE ARAAA F Ao} 2R
Wiz, AEdE A8 4T s AT

-195-



SREEEERE

A 5} pixel counting & 2 4]
= e e -

Az gl g
)

AAM ks /‘1 g3ty Al 1A 2
YR A+ A4 ATE WA E
Hof wlal] £F 108 1.05, 3024 0.97, 1
ol 0.99, 2 A7kl 1.01, 3Aj7kel] 0.97, 4 4]
1.08% FU% HHYEE 71Sagod 4
¢ ALEER A9 £F 1080 061614 2
Alzkell = 0.982 4413 FrHEtgou aF 44
& A& 1.06 24 Fe|q F4-& Holx et
L EAL AT KF4os WYL A
I T4 @ AHgskx gstdd A = F
10 2ol 0.730| 4 2A)zkell= 0.8077]  2luksiA|
Fohakdon A A4E A9E £F 108
o] 0.450]4 247k2] 0.76 0.8 o¥zl F3A &7}
5ot 247k A 447 AJeloi A & 4}
gol Al gle] Solat 2 Holx| et
3. sl ANk Aga Al 173 TAF K34
22 Wy AP Al 27 A A# 4}
83 TR HHE B AL 247, 34, 4
R e s L

2 =

“nTc-MDP & ZAol] A}L3 =l o 822 o) 42
FHE4 G4l A g2 I Foll4 ate
A ate] 24178 shgdhbe AE Yee
2 FAd w4 5749 "l AT 24
H 4de] 7hsd Aoz Agrdd.

REFERENCES

D 4944 A4 5842 24 A420
of we LAws g assiena Vol
19, No. 8, 492-500, June, 1984.

2) Aegerter, E. and Kinkpatrick, A.: Fracture he-
aling mechanism, Orthopedic disease, 4th. ed.
p. 287 W.B. Saunder Co., Philadelphia 1975,

3) Bauer, G.C.H.: Radiopharmaceutical miaging
of osteonecrosis of the femoral head. In the
Hip. Proceedings of the Seventh Open Scien-
tific Meeting of Society, p. 210. St. Louis, C.
V' Mosby Co., 1979.

4) Fick. A.: Ueber diffusion. Annals physik 1855:

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

-196 -

94; 59-86.

Galasko, C.S.B.: The pathologic basis for skel-
etal scintigraphy. J. Bone and Joint Surg.,57-
B: 353-359, 1975.

Gregg, P.J., Barsoum, M.K. and Clayton, C.
B.: Scintigraphic appearance of the tibia in
the early stages following fracture. Clin. Or-
thop., 175: 139-146, 1983,

Henry, N.W.,, Jr.: Principles of nuclear medi-
cine. pp. 703-709 3rd ed. W.B. Saunders com-
pany, Philadelphia, 1968,

Hughes, S., Khan, R., Davies, R. and Levand,
P.:The uptake by the canine tibia of the Lo-
ing Bonescanning agent *™Tc-MDP before and
after on Ostotomy. J. Bone and Joint Surg.,
60-B; 579-582, 1978.

Kirchner, P.T. and Simon, A.A.: Current con-
cepts review. Radioisotopic Evaluation of skele-
tal Disease. J. Bone and Joint Surg., 63-A:
673-681, 1981.

Rosenthall, L., Hill, R.O. and Chuang, S.: Ob-
servation on the use of "™ T-phosphate imag-
ing in peripheral bone trauma. Radiol, 119:
637-641, 1976.

Stephan, D.D., Elan, J.G. and Sanford, C.S.:
Quantitative regional blood flow analysis and
routine bone
scanning. J. Bone Joint Surg., 63A: 296-305,
1981.

Subramanian, G., McAfee, J.G., Bell, R.G., et
al: ®™Tc-labelled polyphosphate as a skeletal
imaging agent. Radiol., 102: 701, Mar. 1972.
Tomoho, M., Schizuncbu, O and Yoshikazu,
T.. Evaluation of femoral neck fracture in

it’s clinical application during

man by serial **™ Tc-diphosphonate scintimetry.
J. Jpn. Orthop. Ass., 54: 1541-1552, 1980.
Tucker, F R.: The use of radioactive phospho-
rus in the diagnosis of avascular necosis of
the femoral head. J. Bone and Joint Surg.
82B: 199-107, 1950.

Turner, J.H.: Post-traumatic Avascular necro-
sts of Femoral head. Predicted by preoperati-
ve Technetium *™Antimony-Colloid scan. J.
Bone and Joint Surg., 65: 786-796, 1983.



	asd: 


