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Quantitative Analysis of Inorganic Calcium and Phosphorus in the
Corticai Bone of Human Sternum
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Department of Orthopaedic Surgery, College of Medicine, Ewha Womans University

The most striking and obvious difference between the bony skeleton and all of
the other forms of connective tissue is that it is the only member of this class to
contain inorganic mineral deposits within its extracellular matrix space at almost
all stages of its normal development. In actuality, bone mineral is an integral part of
bone tissue having individual physical and chemical properties that directly affect
those of the tissue as whole

So a precise knowledge of the quantitative relationships between the constituents
of bone is essential to understand such important matters as the chemistry of
calcification, bone as reservoir, the nature of metabolic bone disorders, and the
mode of action of parathyroid hormone, thyrocalcitonin, vitamins, sex and adrenal
steroids.

Therefore, author performed the quantitative analysis of the inorganic calcium and
phosphorus in the cortical bone of sternum from the twenty korean people and the
following results are obtained;

1) In the cortex of sternum, the total contents of inorganic calcium phosphate are
44.4% in male and 44.159% in female.

2) Calcium deposited in the cortex of sternum is 27.15% (SD=+2.01 ) in male and
27.119%, (SD+1.67) in female and also, phosphorus being 17.25% (SD +1.27 ) in male
and being 17.05% (SD+1.53 )in female

3) Molar calcium to phosphorus ratio is 1.57:1 and 1.59:1 in imale and female,
respectively.
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AgE BH#ERY EARSY SHEEEE BRE ( co
llagen ), E#4E ( mineral ), proteoglycan & kg5
H ( extracellular matrix } 59 #HEgkko) wat ek
3 BEN WA £9EN Hike Jehls B &E
2 HmERoR e WA BiEY EREES e
A Bt 2 BEBE #HEE dense fibrous con-
nective tissue ¢l = AfE B%5%9 EH ( tensile
force )& RASE fifke B B0 BEE
ERE 9 proteoglycan & MiAEE Bl LB
BERE 23t MREE B 2 REARE 2 B
o wEE#ES (shearing force ) ¥ #EJy #qk ofds}
HiEEsa 77 (anti —compression force ) 22 Hpes ot
Eldth ol3d £ HABRES NEL HEE #RE 9
T WEY Byl old BES B A% IF
RS R M BEEE £ EREAHY 233 aAE
FABAL Stk et BERE BRSHE & ER
L2y ool s A8 A2e gdags e F
ARIGRE, K3 FHEEY KR £ AIRREEE
thyrocalcitonin, BjE}9l, BT steroid o] fERIEES ol
#Hatzvl dA a7 o HEEn 2§59
A B#ERe $#¥ calcium, phosphorus 2] 4
BE dEd o A7 o | EFREE B astd
EEr BEAS WEA BEEA caldiumsl ph
sphorus o] #32& EEIHG ’
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BEAAA sEE HnE T WG, MEBOE
TS 54, BRRE 260, TEIMEES IHRRERE

o ZEE £ 1HMAAN WEKE WS AF sty
alcohol:ether (1:2 ) BEWRIEANA 2450 B B
o) BREARS AAS I 100TA 24pE Az A
71% o3 28 HEEoZ calcium 3 phosphars &
EE3} Ak

1) Calcium &Z#7z:?

§ OREE lgm 2 A FaE3td WpE €49
AR 250mlel HWAD FEA AT A7)
HCIO, 2ml & fnsted NO,” 9 Cl” & AAG % o
£ 0mlE Hrslel 200ml Beaker o] 715 t}A
AWK 100ml E jpsl o methyl — orange #5738 2 ~
IS BEY ¥ o] ¥ HLoR gy 717
e NHOHE [melZ thA] acetic acid 2 £ 9o]
RO 3ty 71X ELES £ 60~70CE ohA]
#elad it 89 6% ammonium oxalate £
o 50ml g fistel 05N YA F o gUg
C filter paper & o|&35lo} WEHS |7 ClI° o2
o] &3] BrEkBw 712 100T ool EEAE Ik
st gt kS beakero] £AYI 50% H,S0,
10ml o #iEK 100ml & fsted gyS 443 %
A E A 5A fifter paper £ fFlsle] WERWS
A3 E 60~70CE FAstwia 01N KMNOIZEE
BHEOZ ARG oW #euEs &edA B

ok HEYE TUYoR o FRIFLH, 2
EBE %2 Fisarh

2) Phosphorus 44fE %

B OREE Rk lgm g HHs] FEo 250ml &
2o} beakerd] 23 conc. HNO,9 Conc. HCl 4
10ml & mate) A SRS KK 250mlE i
Ste] FEAIZTE © Bikel HCIO 2~3mlE jndte
NO; st Cl72 @43 BmES $ 50ml & Eehe] 200

Table 1. Age,sex and cause of death related to individual case

Sample No. Age Cause of death

Sample No. Age

Cause of death

M-1 9/12 Sudden infantile death syndrome
M~-2 4 Cerebral hemorrhage traumatic
M~3 17 Hemothorax

M-~-4 20 Myocardial infarction

M-~5 32 Drowning

M-6 37 Cerebral hemotrhage traumatic
M~7 41 Myocardial infarction

M-8 43 Myocardial infarction

M-9 54 Hemoperitoneum

M-10 65 Cerbral hemorrhage traumatic

1

Hemoperitoneum

|

5 Hemothorax
16 Hanging
21  Hemothorax
26 Ectopic pregnancy

£

28 Hemopericardium

32 Myocardial infarction

1

43 Myocardial infarction

i

57 Cerebral hemorrhage traumatic
76  Traffic accident
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Table 2. Analytic results (%) of inorganic calcium and phosphorus in the cortical bone of male sternum

M~1 M-2 M-3 M-4

M-6 M-7 M-8 M-9 M~10 Mean SD

Calcium 2281 2722 2878 26.91 28.32 2887 2801 2453 2885 2715 + 201
Phosphorus 1442 16.85 18.20 17.32 19.32 1754 1720 1650 17.97 17.25 + 1.27
Total Ca & P 3723 4407 46.98 44.23 4764 4641 4521 41.03 46.82

Table 3. Analytic results (% )of inorganic calcium and phosphorus in the cortical bone of female sternum

M-1 M-2 M~-3 M-4

M-5 M-6 M-7 M-8 M-9 M-10 Mean SD

Calcium 2271 27.70 2824 2971 2771 2750 2632 2666 27.25 27.30 27.11+1.67
Phosphorus 1515 16.14 1762 1815 1650 19.20 17.80 15.47 17.69 16.80 17.05+1.53
Total Ca & P 3886 4384 4586 47.86 4421 46.70 4412 4213 4494 44.10
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Fig. 1. Dispersion of inorganic calcium and phosphorus contents in the cortical bone of male sterum.

ml-§3o] beakero] %ATI KK 100mlE jpst
o FiEgstn of 7)ol ciiric acid—molybdate 8o} 25
ml& gt ¥ t}r] quinoline-&< 125mlE &3
Bt ot ¢ds BAY o] 89S 80~90CE i
ot &5 g WA st WS BRA I, o i
Biys glass fifter 8 FIfiste] e F ha] 100T ol
29 HEBAE 53 o)A stk s nEnS
250T oAl 1 BEHIE < #4EA 712 t}A] desiccator o]
Al WHN 2L F glass fiftero] s|A GBS A ok

s WEste 1 EREE %2 Erstdoh

ma %

BILE 2061 BEelA KEE @ g cal
cium 3 phosphorus 2] {LEfy BEFIT EE £2,
39lA HE uiet 2ol & B B4 #£ calcium
~phosphorus o] &2 44.4%o] calcium 9] ZEH{E
= 27.256% (SD+2.01 ), phosphorus &} ZigfE=17.25
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Fig. 2. Dispersion of inorganic calcium and phosphorus contents in the cortical bone of Female sternum.

% (SD+1.27 ) 2A] calcium: phosphorus ¢ #EpHe=
157:10]Qch &8 4t oA 4 calcium - pho-
sphorus o] && 44.16%0]1 calcium &JFyE= 27.11
% (SD=+1.67 ) o] phosphorus e} FgfEE= 17.06 %
(SD+1.53 )o 2 A calcium:phosphorus®] e
153:1 0]t}

2% 13 2% calcium 3} phosphorus EEES] #
AEE JEld Ao=2AM F-1(x#E, 35)9 REd
A 5478 calcium = 22.71%, phosphorus {:
1515% g5, M-1{ 84, 9/123% A= caleium
fE7} 22.81%, phosphorusfgr} 1442%ZA 38 ©|
ol = 8 calcium 3} phosphorus 57} 28D &)
Edto] ot U x 184l 4l calcium @} phosp-
horus 8] FE&{E7} 2SD (two —standard deviation)
RENE

% =3

FHRE MBS BESS MR, SR B
FHlE B EEMARg @Ko @RS BE
H (bone mafrix ) 2 s o] &2 FA|9 Ado]
ok FHES Atke O E M nEs) EdotE E
A EREE BRE proteoglycan 22 HBE K
o] gEEl osiA BmE EEEM (osteoid tissue)
o] calcium, phosphorus 9] &jEo] A 3tsty 55
o skl mEme Mmd B9 oldz @t &

EERAe MHEfERA 93lo RE, BH (modeling)
M (remodeling ) 9! B3 (repair ) & #Yglol
3l [EHEERe] Bhelr)

FEEY 2R XS 29 FRE B5S (ql),
@) RER fifeste 8 1B BIRHE (type 1 collag-
en)o] hRR| LY, FBIFEE HHE WS pro-
teoglycan o] #HASAELEMNY 28 FEdtio BAHS
hyaluronic acid 7} #.0,#2 Wustn I (BSEL (side
chain )¢ chondroitin sulfate, keratin sulfate & sul-
fated glycosamine #E& zi%lE mucosaccharide
2 A test—tube brush £ WEEE HErstd gel o)
BEES Ui aHzs g 18 BRE 4EE
5 < proteoglycan o] #4310} #HE (osteoid) & ¥
Rt 3l of7] e calcium, phosphorus 22 &E K5
o] FAste] BEE Ze FHABoE MREA €
BEBEZANAN SRE RHE 90~9%5%1
phosphate salt$} #E&Ho] 9 Vofx] ¥1%E Na®
K", Mg*, g Cl” o] 20]r}»®? Calcium — phosph-
ate salt & X~ Ray diffraction #:®, efectron spin re-
sonance spectroscopy ¥, MG ¥ A ( infrared
spectrophotometry )5 !9 #5d FEo® HHTE
R SRIUH) TR (three — dimensional  atom
configuration } & 2= #iikk<¢l hydroxyapatite[Ca,,
(PO,),(OH),}2l @%EHE calcium ~ phosphate
(amorphous calcium phosphate ) gE= fr#Esl 3t 9l
2o} #8H 1, Robinsons Watson'V? 5w mxpm

calcium —
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Aol e calcium — phosphate 7} 7Tl = A2
S #Esi|a] o] & caleium - phosphate = hy-
droxyapatites] o}% Fe #dhtkolAu 184 o
o whitlockite { 8- Ca, (PO,),), brushite (CaHPO4,
2H,0 ) & otacalcium phosphate 2] {##l#5fiE
BEE Zfrsl7) W& X-ray diffraction, election diff-
raction kel ZEHA ¢e Ao FWstT Uch &
H Termines} Posner'®%@ Posner 22 4% 39
H HAef BB EEE KR5S 4T3 R hy-
droxyapatite 7} 33%, &5%H! calcium phosphate 7}
67% <] We, Ak 80AE #F o)A =hydroxyapatate
7} 3% HEshAA MR calcium —phosph-
atei= hydrated tricalcium phosphate [Ca, (PO},
zH, 00 e O {LEgfy kel B REEME L&Y
24 pH, B, o] 2B (ionic strength ), HPO &
9] g#fkol wel 1 yEIkEERy kel €A #StH B
R EERAAM BESR 7 TE% (molecular enviro-
nment ) o] & calcium JEEF, g T BE#E pH
f& ol 2 PO, F, Mg* CO,™ oo £
EToAE BEHRA ABE Koo BFE RS =
calcium 3 phosphorus¥ {LEBfJO 8 TiEst &%
il calcium phosphate HEEE IESA T & HPOZ_4
BE, B pH, £ o] 2BE, EEEEH (low diele-
ctric constant ), it T2 H5TEE] ASEH &
8 calcium phosphate = i sufASl  brushite
( CaHPO,, 2H,0 ), whitlockite ( - Ca (PO, ), ).cal-
cite (CaCO,4) 22 apatite BLAYWE B2 AFHAA
Ul B0 hydroxyapatite F 7t HREcn
shan

wiakst wihek Ze] BEEs proteoglycan o] &3}
o HES BT §F BRKL BEdA B8E RS
¢l calcium 7} phosphorus ©o]¢}-2 #ERl  calcium
phosphate FXREZ. WLEE I BHGA 5 TEIE kol
el B9 0.2 hydroxyapatite fE 47 BRHE &
AR(E BES 1Hsted FEE BEANA AHT I
FEE YRS Bk BETAOA nE gEsle] EfE
K5& hydroxyapatite JUREE A3 A 713 calcium iz}
phosphorus 88 LB o 2 gEEsHch ‘

B EERN &0 J= ## calcium -~ phospho-
rus B8 B} 444%, HF7) 44.16% g3 calcium
Bo EFOA 27.159% {(SD+2.01), &rFdA 27.11%
(SD+167) e}, g3 phosphorus B8 HFoA
17.25% (SD-+£1.27 ), &FNA] 17.05 (SD153 )& #
Fel o8 Ee g Bilus'®e H—EAR
BA KEEBKES S ER caldum B2 25.69%,
phosphorus 7} 11.26% =}al @458t HA] prRje] nh2

calcium 7} phosphorus 8o+ ZR7} gty sty o
U, Woodard!®, gowsey "= B#&A calcium 3
phosphorus & 44, ¥R 2 B ot ER
7 S wEE Uk 3 Wuthier™ o @B &
k. ( enchondral ossification ) 7} #4752 e f58
of KEAAN KEE, BHEE. AKEE BKEHE 5
#elel HERRN calcium B2 22.82 (SD+023 ),
phosphorus = 10.98% (SD=+0.07 ) o]Sl3, ¥k'EF
2 calcium o] 23.39% (SD=+0.17)phosphorus 11.51
% (SD+0.11 ) gon, ARk EEFd=  calcium
o} 22.12% (SD=0.13 ), phosphorus 7} 11.13% (SD
0.09 ) 2 HEFor+ caleium 3 phosphorus £0]
o Fagchd @dst At FEe SREREIME
M-1(%, 9/12%)% F-1(%, 33 ) A%l cal
cium o] zz} 22.81%9} 22.71%2 2SD &iF o)
w54 olatel 18HIlAE 2T/t 25D B
g &5t sick 9 BB EEA calcium: phosph-
orus 2] BT HFolA 1.57:1 LFolAd 1.69:1 2
AAE R B ol st TR BERAYA
calcium : phosphorus 9] FERHIF 1L67:1 ojArolalm
#55 Pellegrino 59 44 hgst 2 o7
ek,

X HES 228 (mineral stoichiometry )iy fIE
N BEBE KR5S S #Ro B2 BEEE K
& oUW BROILE MEH KoY STHEEMN
W= BAgA FRE Rod 98 BEREY 5
FER HEE 98 el oS #178 ojof 4o
2 BRpEd

¥ B

BEA #EENA S HnE ECd 114, L
RECE S 50, FRE 26 2 FEIMERD
405 5ERE (sudden infantile death syndrome ) o
2 TR & 1A Wl KEe Aty B
B &<l calcium 3} phosphoruso] & fL&ggy
BS ool thad 22 S0 #£R£S 230

1) WEEEA # calcium - phosphorus & HF
oAl 44.40%, LFoJA 4415% P}

2 ) BB RERN calcium B2 BTN 27.15% (SD
+2.01 ), & FollA] 27.11% (SD=1.67 )o]™, phosph-
orus B& FFolA 17.25 (SD+L27), 4T A= 17.05.
%(SD=:1.53 ) o] i},

3) B EEA calcium:phosphorus o #ilt= 5
FoA] 1.57:1, HFo A= 159:1 0]tk
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