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Payitoo — Ooteopaiokia

<+ H @ucloloyun avdntuén 1oV 06TMV Kot 1) ETUETAIAAMGCN TOVS ¥PELALETOL OAPKETO
aGREGTIO KOl POGPOPO, TO. VO GLGTATIKA Y10l TO GYNUATICUO TOV KPLGTAAA®V
vopoévamartitn (To avOpyavo LEPOS TOL 0GTOV).

< AVETOPKNG EMUETAAALMOGT UTOPEL VAL 0ONYTGEL GE poyiTidon 1)/Kot GE
0GTEOLOAOKIA.

<+ H poyitida avagEpetor 6Ty aVeEnapKr ETUETAAANOGT) TNV ALENTIKT TAAKO KOl
OPYLTEKTOVIKT] ATTOI0PYAV®OGT) TOL GLLEVKTIKOD YOVOPOU.

< H ooteoparakio avopEPETAL GE AVETUPKT] EMUETAAADGCT TOV OGTEOEIOOVG.

< H poayitida ka1 n ooteoparakio cuvii0me cLVLTTAPYOVY OGO O1 EMPVCELS ETVOL
OVOLYTEC

< Movo octeopolokio coufoaivel LETA TN CUYKANGT TOV EMPVCEDV

M_.F. Holick et al, J. Clin. Endocrinol. Metab. 96 (7) (2011) 1911-1930
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Ooteopoiokia

Bone biopsy showing osteoblasts and
osteoid formation

Hematoxylin, eosin, and saffron stain (x 100) of a bone
biopsy showing the anatomy of the osteoblasts and osteoid.

Courtesy of CJ Menkes, MD.

UploDate
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Micrograph showing normal bone histology

Histologic appearance of normal bone.

(Left panel) Goldner Masson trichrome stain shows
mineralized lamellar bone in blue and adjacent
nonmineralized osteoid in red-brown. Osteoid usually
comprises less than 25% of bone surfaces. The cellular area
between the osseous structures is the marrow space.

(Right panel) Villanueva-stained section viewed under
polarized light following time-spaced tetracycline labeling.
Osteoid appears orange, mineralized bone is green, and
tetracycline markers appear as luminescent yellow-green
bands within bone and beneath osteoid (arrow). The distinct
dual bands represent active mineralized bone formation.

In normal adults, this distance is
approximately 0.6 micrometers/day.
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Micrograph showing low-turnover
osteomalacia

Bone biopsy showing low-turnover osteomalacia associated
with aluminum accumulation in end-stage kidney disease.

(Left panel) Goldner Masson trichrome stain shows thin
mineralized bone in blue surrounded by wide unmineralized
osteoid with no cellular activity in orange-brown. There are
no osteoblasts or erosive surfaces present.

(Right panel) Villanueva stain following tetracycline labeling
and viewed under fluorescent light reveals a marked
increase in width of the osteoid seams (orange) with no
evidence of mineralization of new bone (which would result
in tetracycline deposition, as manifested by a yellow line
appearing beneath the osteoid seams).

Courtesy of L Darryl Quarles, MD.



Ooteoporokio — IoTopoppopeTpia

o Iopatnpeitor kaBvotepnUEVN 1] EAATTOUEVN EMUETAAADCT] TOV OGTEOELOOVC.

¢ O110TOUOPPOUETPIKEC LEAETEC OGTMOV UETE OO YOPNYNON OUTANL GECT|LAGLLEVIG
TETPAKVKAMVNG 6TV 0oTEOLOAKIO OElYVOLV :

< TO UM EMUETAALMUEVO OGTEOELOES VO PUIVETOL GOV ATOTAOTUGUEVT] TAVIO >15um
Kol ovENUEVO 0yKo >10% kabmc dev emtuyydveTol ETOPKNG EVamOfeon aAdT®mv
acPectiov.

< TNV 0m0oTooN HETUED TOV LOVAOYV evam00EonS TNG TETPOUKVKALIVIG EAATTOUEVY
KaOm¢ Topatnpeital KoOLGTEPNUEVT] EMUETAAALNDGT) TOL 0GTEOEIO0VE & UELOUEVOC
pLOUOC ooTEOTOINOTC,.

(I'a ™ d1dyvwon g 06TeOHaAOKING TPETEL VA, VILAPYOVY &TA OVO TOPOTAVED
YOPOKTNPLOTIKA MGTE VO OLOKPIVETOL OO AALES O1OTOPOYES GTIC OTTOLEC UITOPEL

va, topatnpnOet o Eva amd T 000 Y. vIEPTAPaBLPEOEIOIGUO, VITEPBLPEOEIOIGLO,
v Paget )

Russell JA. Muscle Nerve. 1994,17(6):578.



Ooteopoiokio — Atltio

Awatapayn 1 EAMAEWYT G€ Evav 1 TEPIGGOTEPOVE TAPAYOVTIES TTOV OITOLTOVVTAL Y10 TN
(QLGIOAOYIKN EMUETAAADOCT] TOL 0GTOV UTOPEL VO 0O YNGEL GE OGTEOLOAKIOL

> Awrtopayéc Tov perafoiopod ™ frrapivnig D
> Awtopay£S TG ETMUETAAA®ONG

% UN QUGLOAOYIKO 0GTEOELOES (ATEAC OGTEOYEVEGT] KA. )
% OVETOPKNC PlodpacTikOTNTU TNG AAKOAIKNG POGEATACNC  (VTOPMGPEATUCIN)

+ VIAPEN AVOGTOAE®V TNG EMUETAAA®ONC OGS €ival : ToO apyiMo,
N VYMAT 0061 EBOoPiov, KATACTAGELS YPTYOPOL OGTIKOD GYNUATICULOV

» 'Ellewyn @oc@opov (LELOUEVY TPOGINYI, VEQPLKT] OTMOAELD)

Epidemiology and etiology of osteomalacia. UpToDate May 2023



Causes of osteomalacia

Abnormal vitamin D metabolism Mineralization defects

(causing secondary hyperparathyroidism Abnormal matrix

and hypophosphatemia) Chronic renal failure

Deficient intake or absorption Osteogenesis imperfecta

Dieta
vy Fibrogenesis imperfecta

Inadequate sunlight exposure Axial osteomalacia

Malabsorption Enzyme deficiency

Gastrectomy or gastrointestinal

H hosphatasi
bypass ypophosphatasia

) Inhibitors of mineralization
Small bowel disease

Flucride
Pancreatic insufficiency
a ) Aluminium
Defective 25-hydroxylation
Bisphosphonates

Biliary cirrhosis

Alcoholic cirrhosis Phosphate deficiency

Antiseizure medications Decreased intake

Loss of vitamin D-binding protein Antacids

Nephrotic syndrome Impaired renal reabsorption

Defective 1-alpha 25-hydroxylation Primary defects

X-linked hypophosphatemic
rickets (vitamin D-resistant
Renal failure rickets [VDRR])

rickets with hypercalciuria

Hypoparathyroidism

Defective target organ response to

calcitriol Sporadic acquired

Vitamin D-dependent rickets, type 2 hypophosphatemic rickets

rickets [HVDRR]) disease, cystinosis, multiple
myeloma

Secondary defects

Secondary hyperparathyroidism
(renal tubular acidosis, type 1
and disorders of vitamin D
metabolism)

Tumor-induced osteanialzcia



Birapivn D — KaAcrwotpomog oppovn
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Sonse low sevum calchem
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(1.25 (OH),0) serum calcium
o —— G (& j
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e TWINEY INTESTINE
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To copa evog euolodoykov avBpaomov mepiEyel ~1 kg acBestiov, (>99% ue t popoen
KPLOTAAL®VY VOpolvamatitn, ootd) kKo <1% (~20 mmol) otov eEmwkvTTdp1o YDpPO.



Merapoironog tng prrapivig D

r N
Sun iy
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Merafoironog g Prrapivng D

Sun
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- L - Packaging into chylomicrons
{ - Lymphatic drainage
25-Hydroxylation S
; CYP2TAY 25-Hydroxyvitamin D
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Biliary
Cell excretion

Calcitroic acid

- to DBP
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Regulation of gene expmsslnn \

'
CYP24A1 ﬁ Bound to DBP

1a-hydroxylation
10,25(0H).D =yaods
CYP278B1

Bound U

25(OH)D givar n KVPLO KVKAOPOPOVGO
popen ¢ vitamin D, pe ypovo
nuicewag Comng 3 €fo., kat ivar
KaAOTEPOC OEiKTNG TapakoAoVONGNC TG
endpkelog og VitD.

H 1,25(OH),D d¢v avtimpocmmevel TIC
amoBnkeg ¢ VitD, kou n uétpnon mg
elval YPNOLUN GE CUYKEKPLUEVEG
KOTOOTAGELS : EMIKTHTES N
KANPOVOUOUUEVES OLOTAPAYES TOD
uerafoiiouodv tnyg frrauivys 25(OH)D
KOl TOV QCPOPoD :

< Xpovio VEQPTKN AVETAPKELQ,

» KAnpovouoopueveg ototaporyeg
ATTOAELOS POGEOPOU,

» Oykoyevic ooteopalaxio,

» Poyitida avlextikn ot Brropivn-D,
< 2apKOEIOMON Kol AEUPOULATA,
(XPOVIEC KOKKIOUATDOELS VOGOL)



Merapoironog tng prrapivig D
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Birapivn D — KaAcrwotpomog oppovn

Vitamin D
Soft tissue and
Vit inD intracellular
itamin Oral calcium intake calcium
\ ~1,000 mg/day T l
400 Mg | Extracellular | 00 M9

| fuidand | > Bone
| 200 mg plasma | 500 mg

Intestine

9,800 mg T lw.ooo mg
Feces ¢ 800 mg

Kidney

Vitamin D —

Urine ¢ 200 mg

+ X€ KATAoTOo™ VIoTeiog Ta Kopia Opyava Tov kKabdopilovv ta enineda acPeotiov ivar ta
0GTA KOl 01 VEQPOL

+ H gvtepikn amoppoenon tov Ca?* givar 0 KOp1og puOUIoThS TG OUOIGTAGTOC KOl TNG
OLOTIPNONG TOV EMUETAAA®UEVOL 0GTOV



Evtepucn amoppopnon acPfeotiov

pH 6 6,5 7.4 7564 7.0
Duodenum
Jejunum lleum Colon
S o -~
:: wm‘
Active absorption k__

Expression of vit. D receptor

Solubility of calcium

Passage time

Total Ca absorption % 8 17 65 10

65% of the total calcium absorption takes place in the ileum (between the red lines).

»To m0c06TO TOL TPpocAauPavouevov acBestiov Tov amoppoPatat EEQPTATAL OO TNV
NMKIL0, TO GVVOMKO T060 TOV aoPfeotiov mov TPOGAAUPAVOLLE KOl AAAEC
TOPAUETPOVGS, Kot umopet va kopaivetal amd 20%-60%

Food & Nutrition Research 2014,58(1)



Evtepucn amoppopnon acPfeotiov

pH 6 6,5 7.4 7.56,4 7.0
Duodenum
Jejunum llequ Colon
SO o
wvw‘
Active absorption ‘___
Passive absorption

—

Expression of vit. D receptor #

Solubility of calcium

Passage time

Total Ca absorption % 8 17 65 10

65% of the total calcium absorption takes place in the ileumn (between the red lines).

Koatd ) younAn tposAnymn acPectiov 11 amoppoenon eival Kupime EVEPYNTIKN

Koatd v vynAn TpocAnymn acPectiov 1 amoppoPnon YIVETOL TOPAKVTTAPTKA

Food & Nutrition Research 2014,58(1)
World J Gastroenterol 2020; 26(24).: 3344-3364



Evtepikn amoppopnon acPeostiov ko frrapivy D

OMetabolicallyCdrinn transport Pa€§ivc9 n(@-saturable route

© o

O

"TRP'VS
Y

O |9

O
o O 1,25(0H):D: | ADP#+Pi| ATP
Y \d
O T NCX1
PMCA1b 3 1R O
N © O @ Blood

€ Avo unyovicpoi: stekvtrapka (transcellular) petaforikd evepyn petapopd, kot madntikd -
TOPUKVTTOPLKE (0V vOioTOTOL KOPETUD)

¢ Kot ot 0vo unyoaviepol vepictavtor poduton amod yyvoototyeia, oproves Kot AALOVS TaPAYOVTEG

De Barboza et al. World J Gastroenterol 2015 June 21, 21(23): 7142-7154



Evtepucn amoppopnon acPfeotiov

@ 0 ; ©
O o OMetabolicallyCdrinn tlransportO s Pa€§ivc9 n@-saturable route

O

@TRW l’lTRP'VS
Y
TJ (Cldns 2, et T
12y 15) \ O ”
O Calbindin-D O
O
o O 1,25(0H):D> | ADP#+Pi| ATP
Y
\d
O T ‘NCXI O
® O O Ca“‘
Na~ O Blood

O drokvTTapiKdS TPOToG amoppdenone tov Ca?t &yel tpia oTddL:

¢ ™V €icodo tov Ca?" - gmbnAlaxoi dioawrol acPectiov

¢ ™ petokivnon tov Ca?* amd v ynkTpoeldn mapven oty Pactkn pepPfpdvn uéow kaiPidvav 9k

¢ «o1 TV ££000 PO TNV apaTiky KukAopopio uéom pepppavikng Ca?t -ATPase (PMCA1b/Ca?" pump)
Kot Tov ovti-puetopopéa. Na+/Ca?t exchanger (NCX1).



Evtepucn amoppopnon acPfeotiov

O
Passi O - |
assive non saturable route
O

O O O O 24
Metabohcally@rwgn transport

l:'TRva
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¢ H xoAortprodn oleyeipel TNV EKQPPACT TOV LOPI®V TOV CUUUETEYOVV GTNV EVEPYNTIKN

anoppdenomn tov acPeotiov (aALd pOuiletl Kol TNV TaONTIKN)

€ Xt0 mpdwpa veoyvd, 1 EVIEPIKN amoppdenomn acPectiov yivetor madnTikd — 0€ uwopovv va
pvOuicovv TN dlaKLTTOPIKY PLOLICN

€ Xy monotkn nAkia, epnPeia, Kdnon kot yolovyio avEAVEL N ATOPPOPNTIKN IKAVOTNTA AOY®
OLDE_J]GHQ TS EVEPYTTLRTIS HETAQOPYS World J Gastroenterol 2020; 26(24).: 3344-3364



Negpwkn eravappoenon aopfeotiov ko Brrapivn D

\ N

« [ Proximal =

DCT-CNT 7

i; 65% <¢ud i) g5, - &

8< /;""" C=

r'o | J o

. 5; k
“ | TAL ¢t

l
25% " Collecting duct

FE~2%

@ Ilepinov 1o 98% 1oV OBoVUEVOL aGPeocTiov emavappo@dtal mapaKVTTEPIKA (90%) Kot
otokvTTUPIKA (8%)

¢ To aBporotikd cornvapla eCaptmvtor amd To Poptio acPecstiov Tov ETAVEL EKEL KO GTNV
KovOTNTO TOUG Vo, ovBioTavTol 6TNV KATAKPUVIoT TOV a6PecTion, e UNYOVIGLOVS 0poimonC Kol
0&vomoinong TV 0VPWV



Ne@pwkn eravappoenon aopfeotiov ko Brrtapivn D

A Proximal | | C DCT-CNT

Ca/Na/H,0 ' —
NCC/ENaC K/Na-ATPase

NHE3 a-ATPase

Na - i+ )

- Ca
10 410 Y | 60mV )

H 1,25(OH),-vitamin D, endyer v ékppaon tov TRPVS, CaBP-D28K, kot NCX1 guvomvtog tnv
EMAVOPPOPN O TOV aGPecTiov.

Moor et al. Am J Physiol Renal Physiol 310: F1337-F1350, 2016.
van Abel M, et al. Kidney Int 68: 1708—1721, 2005.



Eyy¥¢ eomerpapévo cminvapio:
napayovres mov pvOuilovv tnv 1%-vopoviiowon g Prrapivnc D

(-) Calcitriol (+)

FGF-23

A Proximal C DCT-CNT

Ca/Na/H,0 — (+) #

Ca/Na/H,0 —

1t0+1mV

2T0 UIToYOVOPLa. TOV KVTTAPMV TOV €YYUE ECTEPAUEVOL cwANVapiov yiveTal 1 1* vdpolvAiimon
(CYP27B1)
Moor et al. Am J Physiol Renal Physiol 310: F1337-F1350, 2016.



Ootkog nerafoironoc kot Brrapivny D

osteoblast
Alkaline phosphatase Osteocalcin
Collagen type | Osteopontin

N/

Mineralization

O an’ evBeiag opdoeig e 10,25(OH)2D3 otovg octeofAdcTeg

Van Driel et al. Mol Cell Endocrinol 453;2017, 46-51



Ootikoc petaforiouog ko Briropivn D

A Negative calcium balance

Calcium

(_ malabsorption j

1,25(0H),D,"

f—

PTH T

RANKL RANKL

CED

N =

Mineralization .

1,25(0H),D

B Positive calcium balance

Serum

caleium | gtouc wpLpouc ooteoPAdoTEC =

avtikataBoAtkéc (RANKL) kot
AvaBoAikéc dpaoelg (LRP-5)
PTH

LRP-51
RANKLT RANKL!

—
i i
| VOR |

Mineralization

> Otopaceic g 10,25(0OH)2D3 6tovg 06TE0PAACTEC KOl GTOVS OGTEOKANGTES

> Apdon o1ovg 06TE0KANGTEG LEGH TOV cuotuatog OPG-RANKL-RANK

Christakos et al. Physiol Rev 96: 365—408, 2016



Ooteopoiokio — Atltio

ANEITAPKEIA BITAMINHX D
2itoyevng EAletym e Prrapiving D eppaviletal omdvia otic AVTIKEG YOPEC TapaTPEiTAL
OUWMG GE:

- NMMKIOUEVO KO WOPVULOTOTONUEVA ATOU TTOV OEV eKTiBEVTOL GTOV A0
N VLEPKOAVTTOVV TO OEPLLOL TOVG LLE EVOVULATA, (YUVOIKEC TTOL POPOVV TGAVTOP GE
LLOVGOVALOVIKEC YDPES)

- ATOpOL GE QTMYES YDPEC LE AVETOPKT TPOPT] 1] ATOLO TOV O10PLOVV GE TEPLOYES UE
avENUEVT atBadopiyAn.

Epidemiology and etiology of osteomalacia. UpToDate May 2023



Ooteopoiokio — Atltio

AYXAITIOPPO®HXH BITAMINHX D

EugpaviCetor o€ YOOTPEVTEPIKES KUPLMS TUONGELS :

* YOOTPEKTOUN

» IONE

+ KOWMOKAKT) (sprue)

+ KUGTIKT] voon

> YPOVIO TOYKPEATITION

» EKTETOUEVT] EVIEPEKTOUN

+ PBaprotpikég enepPfacels (SvGaATOPPOPNTIKOD TVTOV)
& EVIEPIKO AEPLOOUOL

+ OKANPOdEpU

+ UETAKTIVIKY] EVTEPITION

Epidemiology and etiology of osteomalacia. UpToDate May 2023



Ooteopoiokio — Atltio

Avemapkero ¢ Prrapivng D Adym averapkovg ovvleong g 25(OH)D
oTO NTOP :

<  TPOTOTOON YOAKN Kippwon
aTpncio YoAneopwv
YPOVIEC NTATOKVLTTOPIKES OLOTOPOUYES

R/
0‘0
R/
0‘0

Avemapkero ¢ Prrapivng D Adym averapkovg ovvleong ¢ 1,25(0OH), D
GTOVS VEQPOVUGS GE:

s XPOVIQ, VEQPIKT] OVETAPKELD,

X
< vromapabvpeoeldIGUO
< yevdoimomapabvpeoedIGUO

Epidemiology and etiology of osteomalacia. UpToDate May 2023



Ooteopoiokio — Atltio

DPAPMAKA mov wapeppaivovy otov petofoiopno tng prrapiviyc D

@,
0’0

YAVKOKOPTIKOELON
OVTIPETPOLKAL
OVTIETIANTTTIKA
YOLEGTUPOUIV
PLPOUTTIKTVT
OVTLLLUKT| TLOG LK G,

@, @, @, @, @,
0’0 0’0 0’0 0’0 0’0

Epidemiology and etiology of osteomalacia. UpToDate May 2023



Ooteopoiokio — Altio

XPHXH ®APMAKON ITOY APOYN ANAYXTAATIKA YXTHN EINIMETAAAQYH

Apoo@ovikd un almtovyd (eTOpOVATY, TAUIOPOVATT)

Ta evp€mC ¥PNGLULOTOIOVUEVA KATE TNG OGTEOTOPMOTC TU TEAELTAIN YPOVIOL OEV TPOKOAOVV
Ol TaPaYN OTN LETAAAMGOT TOV 0CGTMOV.

Alovuivio TPoKOAEL 0GTEOUOANKIN GE OVO KLPIWGS KOTOGTACELS :
- OTNV UOOIDAION

- OTNV OAIKN TOPEVTEPIKT] GILTION

®0Oopro

KATAYXTAYH TAXEQY OXTIKOY XXHMATIXMOY

Meteyyeipntikd o tpwtomadn vaepmapadvpeoeldIcGUo

Epidemiology and etiology of osteomalacia. UpToDate May 2023



Ooteopoiokio — Atltio

ANEIAPKEIA ®QX®OPOY

[ Atartn ikl petopévn tpocinyn Aoyo :

< KOKNG EVIEPIKNG ATOPPOPNONG

% OMOKAEIGTIKNG YOPTOPAYIOG

< KOTAYPNOMNC AVTIOEIVOV QOPULAK®Y TTOV OECUEVOLY TA POSPOPIKE (VOPOEEIdLO TOV
apYIAiov)

AvEnuévn amEKKPLoN @OGPOPOV 6TA 0VPU. GE :

<+  Kinpovouukéc voooug mov yopaKtnpilovial omo olotopayES TS VEPPIKNG COANVOPIUKTC
enavappoenong tov eocseopov (XLHR, ARHR, ADHR)

< owtapayéc TOmov cuVOpouoL Fanconi ( toéikr enidpact oto veppmva PapEmv
LETAAL®V (KAO U0, VOPAPYLPOGS, LOAVPOOC, cis Platinum) 1 tetpakvkAivng

otpentoloToKivng, yeotauivng, 6-uepkantonovpivng, Painpoikod o&Eog

% OYKOYEVI] OGTEOLOAOKIN | GE LEGEYYVUATIKOVS OYKOVG oL mapdyovv FGF-23

Epidemiology and etiology of osteomalacia. UpToDate May 2023



Ooteopoiokio — Atltio

EAATTOMATIKH IIAPAT'QI'H OXTEOEIAOYX

XIIONAYAIKH OXTEOMAAAKIA

["evikevpévn okeleTIK olatapoyn Le TabBoloyikn evandbeon ardtov acBectiov Tov :

» TPOKOAEL YpOVIOL GKEAETIKA GAYN

» TPOGPAALEL GLYVOTEPA TOVG AVOPEC

» Elvoll GUYVA OIKOYEVING

+ Ol LOTOLOPPOUETPIKEC LEAETEC ATTOKOAVTTTOVY OCGTEOELDES KOl U EVOTTOOEST TETPAKVKATVIG
« OEV VITAPYEL QAPUOKEVTIKT] OLY®YN

ATEAHY OXTEOI'ENEXH

KAnpovouoouevn nddnon (1:15.000-20.000) wov yapoaxtnpiletal omod EAATTOUATIKO
CYNUATICULO OGTEOEIOOVE (ATOVGIO PUGLOAOYIKDV VOV KOALOYOVOD)

Epidemiology and etiology of osteomalacia. UpToDate May 2023



Ooteopoiokio — Atltio

YIHHODPQXDATAXIA

HPP ewvon pio kAnpovopoduevn pnetafoixn oatapoyr] mov oeiletol o€ LETOALAEELS TOV
vovidiov ¢ TNSALP mtov 001 yodv o€ ammAeLn TG AEITOVPYING TNG

IIpdxettan yio eTepoyeV) VOGO HE LEYAAO EDPOC CUUTTOUATOV KAl EKONADGEDY OO O1APOPO,
GULGTNULOTO

Inhibition "

OZTA

Extracellular QYN iy

Cytosol

! AAKOAMKN @OGOATACT

T 57 pwoeopikn Topdoédin (PLP) 0pod (B6) (amoyn amd Prropivec TovAdyiotoy
uo gfoouada)

Epidemiology and etiology of osteomalacia. UpToDate May 2023



Laboratory findings in the different causes of osteomalacia and osteoporosis

Serum . 25- 1,25-
. Serum Serum . Parathyroid . . . . .
Disorder . alkaline hydroxyvitamin dihydroxyvitamin
phosphate calcium hormone
phosphatase D D
Vitamin D LorN LorN t 1 1l Nortor]
deficiency
Conditions 1l N N or ¢ N N N
associated with
urinary phosphate
wasting
Proximal renal 1 N N N N N
tubular acidosis
Hypophosphatasia N N 1 N N N
Osteogenesis N N N or t N N N
imperfecta and
axial
osteomalacia
Osteoporosis N N N N N or | N
N: normal; |: reduced; ||: very reduced; 7: elevated.
Ampdsopa PLGIOAOYIKN

(Ba émpeme va etvarl vymin
AOY® powopoatovpiog )



Laboratory findings in the different causes of osteomalacia and osteoporosis

Disorder

Vitamin D
deficiency

Conditions
associated with
urinary phosphate
wasting

Proximal renal
tubular acidosis

Hypophosphatasia

Osteogenesis
imperfecta and
axial
osteomalacia

Osteoporosis

N: normal;

I -~

Serum
phosphate

LorN

H

!

N
N

N

Serum
Serum .
. alkaline
calcium
phosphatase
. or N 1
N N or *
N N
N |
N N or *
N N
elevated.

: reduced; ||: very reduced; *:

) 25- 1,25-
Parathyroid hydroxyvitamin dihydroxyvitamin
hormone Y =Y Y -
D D
1 1l N or tor|
N N A
N N N
N N N
N N e
N N or | N

B’ mabng vepmapabupeoetdiopnog
AOy® vrepacPectiovpiog ETaydOUEVNC OO
ofémon

Am J Med. 2000;108(4):296.



Ooteoparokio — Kavikn eikova

H oocteopoiokio umopel va elvor aGOUTOUATIKT KO VO, ELPAVILETAL OKTIVOAOYIKE,
GOV OGTEOTEVIAL.

Mropet emiong va €xElL YopaKTNPIOTIKA GUUTTOUOTO OTTMS OLAYVTA OGTIKA AAY™ Kol
GAYN oTIC apOPMOGELS, LLIKT) AOVVOLLO KOl OVGKOAIOL GTO TEPTATTLLO.

® OcoTikA AAYN Kol HLIKT] adVVOULio — Kupime TV Yy ooy (94%)

e EvaioOnoia oty nicon tov ootwv (88%) (POOwa dAyn, emdsvavovtal pe tnv
Kivnon)

e Katdyuata (76%) — atpavpatikd : TAEVPEC, GTOVOVAOL, LOKPE 0GTA,
® AvckoAia otnVv Badion Kot yopaKINPIeTIKO YNvelo Baotcua (24%)

® Mv1KkoU¢ 6TaGUOVS, KPAUTES, LOLOLACLLOTO LUpULYKIAGUOTo, advvapio Baotong
(6-12%)

[T0avov n vynAn PTH, 1 younAn KaActtptodn Kot to youUnAd exinedo pmceopov va
gvBdVOVTAL Y10 TN CLUTTOUATOAOYI
Am J Med. 2000;108(4):296.



Ooteoporokio — Epyootnproka sopipotao

® Y ynAn aAkoAikn eocseatacn opov ( 95-100%)

® Meiwuéva enineda acPfeotiov Kol @oo@opov (27-38%)
® XaunAo acféotio ovpwv 24 mpov (87%)

® 25-hydroxyvitamin D (25[OH]D <15 ng/mL) (100%)

e Yyn\i PTH (100%)

( YOOTPEVTEPIKA VOGTILOTOL — EAAEITNC ANYN LE T S TpoPn Kol un €kBeom ctov Ao
= 25[OH]D <10 ng/mL AA omd dAAec aitieg ooTeEOpOANKING (Y. VEQPIKN ATMOAELN
POSPOPOV)

Epidemiology and etiology of osteomalacia. UpToDate May 2023



OoteopnoAoKio — AKTIVOAOYIKA EVPNROTO

o ypouuéc Looser (yevdokatayuoto)




OoteopnoAoKio — AKTIVOAOYIKA EVPNROTO

ATTOAELD, TNC AKTIVOAOYIKTC EVKPIVELOS TV OOKIO®MV TOV GTTOVOVALIKOD COUOTOS KOl TNG
KOIALOTNTOG T®V GTOVOLAIK®V coudtov (codfish vertebrae)




OoteopnohoKio — AKTIVOLOYIKG EVPNUOATO

Hypophosphatemic osteomalacia:
Radiographic findings

OTTOAELD, TG AKTIVOAOYIKNC
EVKPIVELOC TV 00KIOWMV TOV
GTOVOLAMKOV COUOTOS KOl TNG
KOIALOTNTOG T®V GTOVOVAIK®DV
COUATOV

Spine films in a 37-year-old male with osteomalacia. The
main findings are decreased bone density, with blurring and
deformity of the spine. The blurring makes the films appear
of low quality.



Ooteoparokio — BMD

+« H BMD (Bone mineral density ) dev ypetdletat yio 1 o1dyvmot TG 0GTEOLOANKIOG
o H peropévn BMD dev Eexympiletl Tnv o6tEOMTOP®ON OO TNV

¢ Eyovue petopévn BMD 610 1610, 01NV ZX KOl 6TO ant® avTipaylo o€ acHeveic ue
ooteoporakio AOym ElAetyng Prrapiving D

Epidemiology and etiology of osteomalacia. UpToDate May 2023



Ooteoporokia - Ospansia

o ZoPapn Eldenym PBrrapivne D (25[OH]D <12 ng/mL [30 nmol/L]) =2 25-60.000 IU
YOLEKAAPLPEPOAN (625-1500ug) / efooudda yia 8-12 efdooudoeg

+ Metd otvovpe 0001 cvvinpnong 800-1000IU/ pépa
+ Huepnoia/ efopadiaio/ unviaio 06on 7?7

s 2E KATACTAGELC OucamoppoPnong (Papratpraxd yeypovpyeio/ KuoTIKN ivedon) 1 006N
Kol 1 OLAPKELD, Yop1ynong tpomomnolovvtal : urnopel va ypetdlovtal 10.000-50.000 IU v
NUEPA. Av 0EV VITAPYEL AVTOTOKPLOT) GE TETOEG OOGELC UTOPEL VO YPELGTEL Yop1yNon
VOPOELAMOUEVOV TOPAYDY®OV (AAPAKAUAGIOOAN).

s 2g Paprd nratikd voonuata tpoteivetal 11 KoAc1ooAn (20-40ug/ uépa mov umopet vo
viver 50-200ug) — Evailoxtikd KalottploAn (0ev kukhopopetl otnv EALGOQ)

o 2e Xpovia Neppikn) Noco divooue aApakarctooin (0.25- 0.5- Tug) (tayeia Evapén-
UKpOC ¥pOvo¢ nuicelag (onc — mepimov 6 dpec) — close monitoring yio
vrepacPestionpio/vriepacfestiovpia.

OepatTeuTiKEG 0dnYieg xopriynong g Bitapivng D atov EAANVIKS TTANBuopud, EAANVIKR Evdokpivohoyikr Etaipia 2019, https://www.endo.gr/kateythyntiries-odigies/.
Epidemiology and etiology of osteomalacia. UpToDate May 2023



Ooteoporokia - Ospansia

+ H avaninpwon g fit. D 6e 660v¢ £yovv octeopalakio PEATIOVEL TNV KMVIKN
etkova (LVIKT advvauia, 0oTikn GAyN) LEGa GE EBO0UAOEC.

o  Me myv évapén ¢ vrokataoTacons KaAo Oa Nrav va eA&yyovue acBEGTIO 0Opov Kot
acPEotio ovpwv 24 mpov 6 1-3 unveg (mpocoyn otV vrepacPestiovpia Tov Unopet va
npokaAécel 1 Prrapivny D). AkoAovBwg eraveréyyovue kdbe 6-12 unvec.

+ H 25[OH]D oev yperaletor va emaverEyyeTol vopiltepa amd 3-4 pnveg et tnv
EvopEn NG AVaTTA p®ONG.

+ H aixoiikn powceatdon ko n PTH punopel va ypelactel unveg yio va anokatactodel
GE€ PUGLOAOYIKA EMITEDA.

+ HBMD unopei va apyicel va Bertiovetor péoa o€ 3-6 unveg aAdd covndme otnv
oltioyevn)/ petopévn €kbeom oe NAL0 umopel va ypelactel Eva ¥pOvo N Kol TEPIGGOTEPO
(avaAroya pe 1o Pabuod kot tn O1dpKeLd.)

o Agev Eeyvoupe va eEacparilovue kot emapkn Ayn acPeotiov (tovAdyiotov 1
YP/UEPQ). XE YUOTPEVIEPIKEC OVGATOPPOPNCELS UTOPEL VO, YPELOCTEL VAL YOPTYOVLE KOl

4yp/uépa.

Epidemiology and etiology of osteomalacia. UpToDate May 2023



Ootikoc petaforiouog ko Briropivn D

17 years

12 years

6 years

5 years

> Zitoyevng Eadheyn PBrrapiving D — payitioa,



To yog Tov GLLEVKTIKOV YOVOPOL
KaBopiletal amod 00O OLUdIKAGIES:

e [loAamlaclooudg Kot vITEPTPOPIn TMV
YOVOPOKLTTAPMOV

® AcPectonoinom Tov YOvOopov aENTIKNG
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LLETATPOTY| GE TPMTOYEVEC OOKLOMOES OGTO &

-

Ot ayyelakeg TpoekPoréc amartovv
EMUETAAADGT TOV GLLEVKTIKOV YOVOPOL
oL umopel va KaBvotepncel Aoy EALEWT
acPectiov 1 POSPOPOV.

sy 0000

O cvlevKTIKOC YOVOPOS TNG AVENTIKNG
TAGKOG GLGOMPEVETUL AVEAVEL 1 TAAKAL.
ATOO10pYavVOVOVTOL TO, YOVOPOKVTTOPN KO
YOVOLV 11 O1ATAEN TOVC KOl OVEAVEL T
VILEPTPOPIKT) LOVT Y®Pic va,
empetoAloveTal. O 0oTiTNG 16TOC 6N
LETAPLOT KO AVTOC OEV EMUETAAADVETOL
KOl 001 YEL GE GLGGMOPEVGT TOL OGTEOELOOVC.
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Payitioa

a g rathogene O rlate
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POGPOPOTEVIKY PUYITION (6TTAVLIO AOY® OLATPOPIKIS EALEWWNS QOGPOPOD)



Payitioo — AKTIVOLOYIKT] EIKOVO

Calcipenic and phosphopenic rickets initially manifest at the distal forearm, knee, and

costochondral junctions.
These are the sites of rapid bone growth, where the demand for calcium and

phosphorus accrual 1s greates



Payitioo — AKTIVOLOYIKT] EIKOVO

Payttikd kopPolon



Payitioo — AKTIVOLOYIKT] EIKOVO

This is an xray of a

Here is an xray showing a child with bowed

pseudofracture (red arrow) from legs due to rickets Closer view of a

an adult who has x-linked (thanks to Dr. Mike knee showing thick
hypophosphatemic rickets. This is Richardson) growth plates that
a classic pseudofracture and is appear fuzzy, and
pathognomonic for osteomalacia. widened knee joints

Yevookatdypata - Kuptouéva katm dkpo — poid yovoro — LETOPVGELS OTKNV QAOYOS- TTory DG
GLLEVKTIKOG YOVOPOS



Payitioa — AA

Diagnostic approach in suspected rickets

Suspected rickets:
s Elevated alkaline phosphatase activity

= Clinical or radiographic findings

v

Measure serum
PTH, Pi, and Ca

B v v
MoAU UPNAR TWA = PTH high = PTH normal or mildly elevated = PTH normal
ahkah. wobATdo = Pi normal or low = Pi low = Pi normal
’ ne = Ca normal or low = Ca normal = Ca normal
Calcipenic Phosphopenic Consider early or transient
(hypocalcemic) (hypophosphatemic) disease, hypophatasia®, or
rickets * rickets 1 primary disorder of bone

Rickets is suggested by typical clinical signs and elevated alkaline
phosphatase activity in a child who has normal kidney and liver function.
Calcipenic rickets is sometimes termed "hypocalcemic rickets," but this term
is not completely accurate, because serum Ca is not always low in this
disorder.

Overview of rickets in children UpToDate May 2023



ECaptopeveg amo tn Prrapivy D poayitidoeg

TABLE 1 | Vitamin D-dependent rickets.

Type 25(0H)D 1,25(0H).D PTH Inheritance Gene defect (OMIM)
VDDR1A N/l D AR. CYP27B1 (264700)
VDDR1B D D AR. CYP2R1 (600081)
VDDR2A N/l N/ AR. VDR (277440)
VDDR2B N/I N/ AR. Unknown (600785)
VDDR3 D D A.D. CYP3A4 (124010)

VDDR, vitamin D-dependent nickets, N, normal; |, increased, D, decreased; PTH,

parathyroid hormone.

Levine M. Front in Pediatrics June 2020 | Volume 8 | Article 315



Eaptopeves amo ™ Prrapivy D payitioeg

Type 25(0H)D 1,25(0H)2D PTH Inheritance Gene defect (OMIM)

VDDR1A N/ D I AR. CYP27B1 (264700)

Sunlight VDDR1A

Inactive photoproducts

A A 4p,25(0H),D 1,23R,25(0H),D
uv-e : Heat
7-DHC wemp PreD, wmmp \ftamin D,
1 CYP2R1
Calciferols 25(0OH)D CYP 2781 R5(0OH),D
I (Calcidiol) alcitriol) === VDR
e
Vitamin D2 and D3
CYP24A1
mik Diet In the kidney

24,25(0H),D 1,24,25(0H),D

» Affected subjects appear normal at birth but problems related to impaired vitamin D activity
become obvious at 2—24 months. Hypotonia, irritability, tetany or seizures, and failure to

thrive, are typical in the first few months of life.
Levine M. Front in Pediatrics June 2020 | Volume 8 | Article 315



Eaptopeves amo ™ Prrapivy D payttioeg

Type 25(0H)D 1,25(0H)2D PTH Inheritance Gene defect (OMIM)

VDDR1B D D I AR. CYP2R1 (600081)

VDDR1B

4B,25(0H),D 1,23R,25(0H);D
CYP3A4

Sunlight

Inactive photoproducts
) A

uv-B E Heat
7-DHC wmmp PreD, = \ftamin D,

1 CYP2R1

Calciferols => 25(0H)D CYP27B1 4 ,25(0OH),D
I (Calcidiol) (Calcitriol) == VDR
e
Vitamin D2 and D3
CYP24A1
mirk Diet In the kidney
24,25(0H),D 1,24,25(0H),D

+ Relatives who were heterozygous for the p.L99P mutation also showed some evidence of
CYP2R1 deficiency, but with less severe childhood bone disease and only modest reductions

in circulating concentrations 25(OH)D concentrations.
Levine M. Front in Pediatrics June 2020 | Volume 8 | Article 315



Eaptopeves amo ™ Prrapivy D payitioeg

Type 25(0H)D 1,25(0H)2D PTH Inheritance Gene defect (OMIM)

VDDR2A N/ N/I I AR. VDR (277440)

Sunlight VDDR2A

Inactive photoproducts

& A 4B,25(0H),D 1,23R,25(0H),D
uv-B . Heat CYP3A4
7-DHC wemb PreD, = Vitamin D,
1 CYP2R1
Calciferols 25(0H)D CYP27B1 4 ,25(0H),D
T (Caludlol) (Calcitriol)
-
Vitamin D2 and D3
CYP24A1
miuk Diet In the kidney
24,25(0H),D 1,24,25(0H),D

+ Due to loss-of-function mutations in the gene encoding the vitamin D receptor
+ 50% of patients with VDDR?2a have alopecia

+ Normal at birth and later develop features of vitamin D deficiency (over the first 2—8 months)
Levine M. Front in Pediatrics June 2020 | Volume 8 | Article’315



Eaptopeves amo ™ Prrapivy D payitioeg

Type 25(0H)D 1,25(0H)2D PTH Inheritance Gene defect (OMIM)

VDDR3 D D I A.D. CYP3A4 (124010

<VDDR3>
Inactive photoproducts

4 A 4B,25(0H),D 1,23R,25(0OH),D

uv-B ’ Heat ‘ CYP3A4

7-DHC wemb PreD, = \iitamin D,

Sunlight

1 CYP2R1
Calciferols 25(0OH)D o ,25(0H),D
T (CaIC|d|oI) (Calcitriol) =% VDR
L
Vitamin D2 and D3
CYP24A1
min Diet In the kidney
24,25(0H),D 1,24, 25(OH)3D

+ VDDR3 is due to increased inactivation of vitamin D metabolites and 1s caused by a recurrent
gain-of-function missense mutation in the gene encoding CYP3A4, the most

abundant hepatic CYP450 enzyme
Levine M. Front in Pediatrics June 2020 | Volume 8 | Article 315



ECaptopeveg amo tn Prrapivy D poayitidoeg

TABLE 2 | Suggested calciferol doses for maintenance treatment of patients with

VDDR.
VDDR1A VDDR1B VDDR2 VDDR3
(ng per day) (wg perday) (ung perday) (ng perday)
Vitamin D3 or D2 NI 100-200  125-1,0007* 1,000 to?
Calcifediol NI 20-50 20-200* 50 to?
Calcitriol 0.3-2 0.3-2 5-60" 1 t0?
1o (OH)D 0.5-3 0.5-3 5-60" 2 t0?

Levine M. Front in Pediatrics June 2020 | Volume 8 | Article 315



Opropol ¢ averdpkerog - Erretyne Vitamin D

IOM, WHO, EFSA

The Endocrine Society

ZUYKEVTPpWON
(USA)
Bitapivng D
Meyahn eMeudn <10
EMewn <10 <20
AVETIAPKELQL 10-20 20-30
Endpkela 20-40 30-50
Tofwkotnta >100 >100

IOM: Institute of Medicine (USA), WHO: World Health Organization, EFSA: European Food

Safety Authority

H EXAnvikn Evéokpivoroyikn) Etaipeia opilel og ElAenym Brrapiving D cuykévipmon g
25(0OH)D<10 ng/ml xou ¢ avendpxera cuykévipmon g 25(OH)D petaly 10 kot 20

ng/mL

210 Yevikd mAnOuoud cvykevipwoelg Brrapivng D> 20 ng/ml (> 50 nmol/L) fBempodvtal
PLOIOAOYIKEC. € 000EVEIC LE OGTEOTOPMOT KOl AAAEC EOIKEC TEPIMTMCELS EMOIOKOVTOL

ovykevipocels > 30 ng/ml (>75 nmol/L)

OepatreuTikég 0dnyieg Xopriynong tng Birapivng D otov EAANVIKS TTANBuoud, EAANVIKY) Evokpivoloyikr) Etaipia 2019, https://www.endo.gr/kateythyntiries-odigies/.




Yvotacslg yio yopynon Brrtapivng D

TABLE 3. Vitamin D intakes recommended by the IOM and the Endocrine Practice Guidelines Committee

IOM recommendations

Committee recommendations
for patients at risk for

Life stage vitamin D deficiency
group Al EAR RDA UL Daily requirement UL
Infants
0 to 6 months 400 1U (10 pg) 1,000 IU (25 pg) 400-1,000 U 2,000 U
h6I to 12 months 400 IU (10 pg) 1,500 IU (38 pg) 400-1,000 U 2,000 U
Children
1-3yr 400 IU (10 ug)| 600 1U (15 wg) 2,500 IU (63 pg) 600-1,000 IU 4,000 U
4|—8 yr 400 1U (10 ng)| 600 1U (15 ng) 3,000 IU (75 png) 600-1,000 IU 4,000 U
Males
9-13yr 400 IU (10 ug)| 600 1U (15 ng) 4,000 IU (100 pg) 600-1,000 U 4,000 U
14-18yr 400 1U (10 ng)| 600 1U (15 ng) 4,000 IU (100 pg) 600-1,000 U 4,000 U
19-30yr 400 IU (10 ng)| 600 1U (15 ng) 4,000 IU (100 pg) 1,500-2,000 U 10,000 U
31-50 yr 400 1U (10 ng)| 600 1U (15 ng) 4,000 IU (100 pg) 1,500-2,000 U 10,000 IU
51-70 yr 400 1U (10 ng)| 600 1U (15 ng) 4,000 IU (100 pg) 1,500-2,000 U 10,000 IU
=70 yr 400 U (10 ng)| 800 1U (20 wg) 4,000 IU (100 ng) 1,500-2,000 U 10,000 U
Females
9-13yr 400 IU (10 ug)| 600 1U (15 ng) 4,000 IU (100 ug) 600-1,000 U 4,000 U
14-18yr 400 1U (10 ng)| 600 1U (15 ng) 4,000 IU (100 pg) 600-1,000 IU 4,000 U
19-30 yr 400 IU (10 ng)| 600 1U (15 ng) 4,000 IU (100 pg) 1,500-2,000 U 10,000 U
31-50yr 400U (10 ng)| 600 1U (15 ng) 4,000 IU (100 pg) 1,500-2,000 U 10,000 U
51-70 yr 400 1U (10 ng)| 600 1U (15 ng) 4,000 IU (100 pg) 1,500-2,000 U 10,000 IU
=70 yr 400 IU (10 ng)| 800 1U (20 wg) 4,000 IU (100 ng) 1,500-2,000 U 10,000 U
Pregnancy
14-18 yr 400 IU (10 ug)| 600 1U (15 ng) 4,000 IU (100 pg) 600-1,000 U 4,000 U
19-30yr 400 1U (10 ng)| 600 1U (15 ng) 4,000 IU (100 pg) 1,500-2,000 U 10,000 IU
31-50 yr 400 IU (10 ug)| 600 1U (15 ng) 4,000 IU (100 pg) 1,500-2,000 U 10,000 IU
Lactation®
14-18 yr 400 1U (10 ng)| 600 1U (15 ng) 4,000 IU (100 pg) 600-1,000 U 4,000 U
19-30yr 400 IU (10 ug)| 600 1U (15 ng) 4,000 IU (100 ug) 1,500-2,000 U 10,000 U
31-50 yr 400 1U (10 pg)| 600 1U (15 ng) 4,000 IU (100 pg) 1,500-2,000 U 10,000 IU

Al, Adequate intake; EAR, estimated average requirement; UL, tolerable upper intake level.
 Mother’s requirement, 4,000-6,000 1U/d (mother's intake for infant's requirement if infant is not receiving 400 1U/d).



IeprekTikotnto TpoP@v o€ Bitapivn D

MooXapiolo CUKWTL 15-50/100gr Wwpl oAkng aAéoewg | 3 peyaleg peteg 55

Tovog, capdéda, cOAWHOC, 224-332/100gr QacoAa 253 gr 142

OKOUUTPL (1 dAlaw)

KovoepBomnounpuévog CoOAWROS 624/100gr Inavaxt 180-190 gr 245-266

HE 00TO o€ AadL (1 dAiaw)

ZOAWNOC HAYELPEUEVOC 345-360/100gr MrmpokoAo 130-156 gr 62-94
(1 dAlaw)

Ikoupumnpi ATAavtikol 360/100gr Apvydaia 1/3 dAiavt 126

Péyya AtAavtikol 1628/100gr

Péyya Kamviotn 120/100gr

Péyya papivarn 680/100gr

BakaAdog 44/100gr

Moupouvéhato 175/gr,

1360/koutaAld

goumnag




Evyoploto yio tTnv Tpocoyn 6og



