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Abstract

MECHANICAL AND HISTOMORPHOLOGIC CHANGES OF THE RAT FEMUR
AFTER ADMINISTRATION OF SODIUM FLUORIDE

Soo-Koung Lee, Keun-Bae Song*, Hyun-Jung Jang**
Department of Dentistry, Kaya Hospital
Department of Preventive Dentistry*, Department of Oral and Maxillofacial Surgery**,
College of Dentistry, Kyungpook National University, Taegu, Korea

The purposes of the study was to examine changes in thickness and strength of the rat femur after administration of sodium fluoride
in the drinking water. 48 female Sprague-Dawley rats were randomly divided into 4 groups, and they were supplied with 0(control), 1,
5 and 50 ppm of fluoride in the drinking water ad libitum for 6 weeks. Rats were killed and both sides of femur were dissected. Bone
strength was measured as the stress of failure of femur at the middle point and femoral neck with Instron. Histologic slides were pre-
pared from the femur shaft with routine processing of fixing, demineralizing, embedding and HE staining. Thickness and area of corti-
cal bone and medullary cavity were measured by using Camera Lucida and Image Analyzer. All the collected data were analyzed with
one-way ANOVA, Duncan's multiple range test for post-hoc tests and ANCOVA using the SAS 6.12 package at the level of 0.05. Bone
strength increased significantly in the animals given 1 and 5 ppm of fluoride in the water, as compared to the control group. There
were significant decreases of stress at fracture in 50 ppmF group compared to the 1 and 5 ppmF groups. The similar trends of bone
strength at the femoral neck fracture test, but there were no statistical significances. Cortical bone thickness and area of the femur
increased in the 1 and 5 ppmF groups compared to the control. However, the thickness of 50 ppmF group also decreased significantly
as compared to 1 and 5 ppmF groups. On the other hand, medullary thickness and area increased in all fluoride groups than control
group. All of the findings presented support the conclusion that, low fluoride dosage used in water fluoridation could increase the

bone strength and might have preventive effect on femur fracture.

Key words : Sodium Fluoride, Rat Femur, Bone Strength, Histomorphologic Change
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1. AT7A=
11 Agss

AT 4573 9] A% 70~90gm 1 €] ¢] Sprague-Dawley] 24/
A 24} & 7bz g eksle] 2 2o HiF A F 9 xpo) 7} 1gm U

92 5 MYSAL 17U F AW ALEG 458 TF
RN HS 71708 747 TS ThA] 2t ekl i) s
2 U] Al 1AFE B4AE H7FeHA] &2 Qwaterg 3=
2, Al 22272 1ppmF, Al 34232 5 ppmF 18] 22 Xﬂ A0
& B0ppmF ol 0.2 ahef 2% 65714 F Sk,

rl

1.2. 3= 74

Fayes B3E2 Ippmel A$- &3V EF (Yakuri Pure
Chemicals Co. LTD., Osaka, Japan) 2.2mg=- 1,000mle] =740l
S ALgShelth A9 WA= A% T 34 A 100ppm o] 4
T% 761:[L _1'5_04/\" :L}ﬂ%_ig o) OZ:_! 0;47} O]E.E_i J_;L A]UJoﬂ
A AREE = A Fof g2 S0ppm o2 AAsoith Fo =
A e AFE Yo B4 B4 A chow 1gm & 0.10uge] B4 7} 3
freo] AASY AR o] E4E AAT F e Wl §lY,
BAY Ao FolPor], AR Ue) BaE SESF U9 42
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X Baske 9] ATE Feo| DR A BEEE 10% v]3
£ LTS £ 0 1ok § i SIS AR &
ol RAH A WA sl AR

2.1. TEAA

252 Fol 42 72 23 651249 WA E ethyl ether
(showa Co,, lapan)Z £ T1A417 The §F 547172 ol &
shol 5 015124 4% Shaleh Lk A3 A A5 e ey
o $AEA) YLE FolswA 4% F e 4G5l Ho}dC
o 9ol HRAEA A8 AV B2 4L na
9.

=544
A Aol Y= )
& BA7EY Age 2emZ A5 e dEA1E 7] (Instron
Model 4202, Instron Co, USA)dl &= = Al 4 jigs =3 o
T A HS Y AF] 2, cross head speed+= £
° 1000kg 2 ERAe 20mmfa 6}04 331 23480l 23t
e 2 A %}z:— ﬂc%& Fo1 ok (Fig. 1).
g 27437) 95l 382N
—g—,] 738 dkcko] wh=QlE A
H ol Zo]7} 1em, =9 2cmY]
5 E%b] unsaturated polyester (Zulo] 7%, W &agshA,
)yl Eejet 7 )5 % 2910 Yol FAES s
Imm2] cross head speed, 1000ng load cell= i@% ey
ANA7 2 AR} EE A 619t (Fig. 2).
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2.3. 94% A 2 W3 54

34 A 3’°ﬂ o] sHdE 9 FS e Z A dold F
oA HEalA Huste] 10% buffered formalinel] A 4847+
AAA 7]J_ 88% formic acid} formalin 3-89 © 2 72A] 7HF¢t
Aol A &3 A7) by paraffine]] v ste] FA 4ume] ok
HS PA3 5 hematoxylin and eosin® 2 A S A3 51
AR 22 £ojol =t w g 4o Beran A sielA A%
WA camera lucidag o] &3to] dm Ao Yehd AL webrbd
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Aol 41 NIH 1.60 software (Public domain: NIH, Bethesde, MD)E
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A:Load cell
A B:Supporting jig
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C:Femur head

Fig. 1. Schematic diagram of three point bending test of femur shaft
with Instron.

29 o B2 AZWate] Aolsh B YFAE o)
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Table 12> t ¥ A Zo]o] TU4A=
A o] sbEd f7A 9] 7w et A
o =4S F7hetA ¥2 Qwaters 65
== 6.6440.26kgf, IppmF o 79
pPMF o & 7.75+046kgf2 H7le =
ASAEE Fo s S7HE A2, 50pme A
B USHETF AAE o 7 7o) it Y7 ] Apol
5 Z froletil (|O<0-05)-
AR A 35S kA U E B 4Rt 38 o
T E2E Ao 92 Qwarers 6577 7
24+0.95kgf, 1 ppmF o -2 14.99+2.01kgf,
SppmF F-of 72 15.44+1.26kgf 2 50ppmF Fof ol A+ 13.00+
L72kgf= &= AA 8 obd 49 v o} niz7iA = 1 ppmF 2
SppMF Foj 27HA = o8 2 ARe] Adest Zobe vt
50ppmF Fof ol A= A AT T2t o5 AA 7He ¥
T AL Aol FAX SR {254 &kt (p>0.05).
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Fig. 2. Schematic diagram of special jig for shear strength test of
femur head with Instron.

Table 1. Stress at fracture at the middle point and neck of
rat femur after administration of fluoride for 6 weeks(kgf)

Concentration Total Femur * Femur Head
0 ppm 6.64 + 0.26 1324 + 0.95
1 ppm 731 £ 0.30 1499 + 201
5 ppm 7.75 + 046 1544 + 1.26
50 ppm 6.48 + 0.66 1300 + 1.72

Values are mean=+SD
* Statistically significant differences by the one-way ANOVA at level 0.05
(F=6.99)

049+0.04mmeo] ] 17, IppmF Fof A] 0.5140.05mm,
Fof Alofl & 0552004mmE H7he & B4 e] ol whE

=9 FA g 2ol HAS A E thxwo] vl FA
Hog fola Z7H AL (p<005), SoppmF %o} Aol
0.05mm= &= F7) = 1ppmF 2 S5ppmF Fof 7t B3]
L 1’61 AAEHAT HrbE e BAl o WhE A4 =9 WA
of thek Aol nAE 2 APT) LB WA A Y22
Hlel 1ppmF 3 SppmF Fof 7kl = 5 7HE T} S0ppmF o
ZAME BAHT T Aot EAM O FolPE 2 5 A
o} (p<0.05) (Table 2).
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Table 2. Changes of thickness and area at cortical bone after 6 weeks administration of fluoride.

Thickness (mm) Area (mm?)
Total bone Cortical bone* Total bone Cortical bone*
0 ppm 126 + 004 049 + 0.04 49 + 0.29 312 + 024
1ppm 132 + 005 051 + 0.05 546 + 040 338 +£0.33
5 ppm 134 + 003 055 + 0.04 565 + 0.26 367 + 020
50 ppm 127 + 0.06 046 + 0.05 510 + 045 301 + 0.36
Values are mean+SD
* Statistically significant differences by the ANCOVA at level 0.05 (F=3.55 and 3.71)
Table 3. Changes of thickness and area at marrow space after 6 weeks administration of fluoride
Thickness (mm)
Total bone Cortical bone* Total bone Cortical bone*
0 ppm 126 + 004 0.76 + 0.05 496 + 0.29 183 + 0.22
1 ppm 132 + 005 0.81 + 0.06 546 + 040 208 + 0.30
5 ppm 134 + 0.03 0.79 + 0.05 565 + 0.26 198 + 0.26
50 ppm 127 + 0.06 0.81 + 0.06 510 + 045 209 + 029
Values are mean+SD
* Statistically significant differences by the ANCOVA at level 0.05 (F=3.55 and 3.71)
3. 2749 7 A wY &Y A3 QoM =W Zgiate] F4dol doh &2 wdd 712
E AL YA, TE Abold] Zgat 1Ak AAA QI stol =
657be] Ba%e ¥ uA fEHE FYRE Aveld 2 & =AoluteloEsb o] gtk /)14 FHRE Pzt B g
BoEE ARSI W0 B4 St WAL ZAT 20/t o5 B Fol& HA ) Wi ol LAY
AT Table 33 2tk 2470l WAT MAL B8 WS o) ol 24-d A4AS 223 @) 435} A4l F28
A S Quuaters FoIF ol 1 ARtor] BEEF UL sl ACE AT, ol L F3} Baste) A
H| 3L A SppmF 51 50ppmF Fof 2] Wi 7 3t WA o] FA A0 2 of AAM E47F =] F=3tol A= FF el M= F
FOASA ALE £ - AN (p005), B7HEE B ol e FEE wph glow B 2245 ARE Aol ¥
w2 AA 2o T ok WAl tiE 2ol & BAE 7 A 25 AREShE Aol s A e 2o =dto] A& E I gl
A w7t A % WA Aol FAALE Ko L 19834 Farley 52 B47F 4407 & AT S4 =

2 YRS} (p<0.05) (Table 3).

OE A9z de g, 29 A= 71AH A7le 171 4
£ ol calcium phosphate2] 3 2] A}olt}, o] 1= E43}
A% 23S dA Y EES AAELTG FAl A A5
A T8 9SStk = s Fo] AW A Qg A
Z FA18 B%e= 7] Atoldl WA 7] Al &3kt
71849 oF 90%7}F i Aol YA = H LA fr, A
W, ershEe sl gE T F9 AR A3 st Fgel o)
HstatA T 54 FolA s =9 A2 A9 A FAE
A LZe] 80~90% A3 stE o e & 2, AFES 1
H3)e] 15~20% o] &F A o)X YA ZIFE HAA 9
o AU EFS der] girol AAFE S ol F= AFe A
B3 750 A, AFE2 AdF} FFahe B 284S 7L
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