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lMpoc ti o evblapepov yia tTnv ootikn dtatapaxn otnv kKakwon N.M.

e H kakwon N.M. mpokaAel pua akpoia kot owpvidio popdn
aKlvNTOTolNoNC TWV AVW N Kal KATW Aakpwv (ovaloyo HE TO
enirniedo tn¢ BAAPBNC).

* H 00TIKA amMWAELA ATOUWV HE TPOUMATLKA Kakwon Nwtlalou
LLUEAOU €lval n «taxLTEPN» TOU £ldouc.

 H opada avti twv VEwv (ouvnBwce) avBpwniwyv ival akplBwc
QUTNA TTIOU EXEL LEYOAUTEPN OVAYKN OTIO OVTLULETWTTLON.

* H kakwon rmbavov va emocupPel Tipv amo tnv avamtuén tng
Kopudolog 00TIKAC TTUKVOTNTOLC.

e Kotaa tn OlApKEW TNG TAPAAUONG MELWVETAL N OGTLKF]
eva)\)\avn (Kuptwq KatwBev tou emumedou B)\aBr\q) OTIOTE
OVOLLEVOVTOL OKOUN XOUNAOTEPEC TIMEG OOTLKNG TTUKVOTNTOC
le emakoAovBa kataypuata!



KAKQ2EIZ (BAABEZ) NQTIAIOY MYEAQY

e Kakwon Nwtiaiov Mughou (N.M.) « 3.K.M. (evtémon
nopanAnylo-tetpaninyia QTTO LU EALVWTLKWV

o1 nAakwv oto N.M.

‘.‘T[?\r]pnq: kapia aloBnon f KWNTKA AELToupyKOTNTA LY. AMZZ)

Oev Swatnpeital ota Lepd tunpata 14-15

J ! [ ] 1 —
% aTE)\n G: Swatnpeitat n awednuikéTnTA 0ANG O)XL N Mu E)\ltl,q
Kwntikn Agttoupyio kdtw amod to eninedo tng PAAPNG pLEXPL MU e\omaBeLa
Kol To LEpA TUApato 14-15

e MMAayla Muatpodkn
>kAnpuvon (vwtiaio
Hopdn)

* KevtpopueAkn PAaBn N.M.
(central cord syndrome)

e JUvOpopo Brown-Sequard

* MnviyyopueAoknAn



AIAQOPEZ

JTIC TPAUUATIKEC Kal tadoAoyikec BAaBec tou N.M. urtapyouv SLapopEeC we
» ntpoc tnv e€€Aén n oxt tn¢ BAabng,
* 10 TPoadokiLuo emnLBiwonc,
* TNV UTMTOAELUUATLKN KLVNTLKOTNTO KoL AELTOUPYLKOTNTA,
* TNV IKavotnta opvootatnong kot Badionc,
* TN EAPUAKEUTIKN Ueparmeio Kot
* TN OTAOTIKOTNTA TTOU EUPAVI{OUV Ol dOTEVEIC.

...AAAA YIIAPXOYN KAL... OMOIOTHTE2

w¢
* JTPOC TNV KALVIKIN ELKOVA
* KILVNTIKOTNTO

e Asttoupylkotnta
py n Denirel G et al . Spinal Cord 1998;36:822-5.

Kannisto M et al. Spinal Cord 1998;36:641-6.
Frey-Rindova P et al. Spinal Cord 2000;38:26-32.



* HOswpia tov
HNXOLVOOTATN
neplypadel Eva
oclotnua EAEy)ou,
OTO OMoio pLa
e\dxiotn dpaotikni
kortartovnon (MES)
glval anapaitntn ywa
™ Satipnon tou
octou.

* H oOoTIKA avToxn
kKaBopileTan /
pUOMIleTAI ATTO TIG
MEYIOTEG MUIKEG
OUVAMEIG

* Frost HM. The mechanostat:

a proposed pathogenic
mechanism of osteoporoses
and the bone mass effects
of mechanical and
nonmechanical agents.
Bone Miner. 1987
Apr;2(2):73-85.
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loxveL o pnyovootatnc otn PAapn N.M.;

J Musculoskelet Neuronal Interact 2006; 6(3):269-276 .i
Laida

Original Article Hylonome

Bone adaptation to altered loading after spinal cord injury:
A study of bone and muscle strength

J. Rittweger!, K. Gerrits®, T. Altenburg?®, N. Reeves', C.N. Maganaris', A. de Haan"*

Institute for Biophysical and Clinical Research into Human Movement, Manchester Metropolitan University, Cheshire, UK;
“Institute for Fundamental and Clinical Human Movement Sciences, Vrije Universiteit, Amsterdam, The Netherlands

Y10 dUCLOAOYLKEC OUVBNAKEG, oL LEYAAUTEPEC SUVAUELG TTPOKUTITOUV OO TIC CUOCTIAOELG TWV [LUWV.

Metd tnv SCI, oL aloBnTIKES Kal KLNTIKEG Aettoupyieg dlakomrovrat Adyw BAABNG TOU VEUPLKOU LOTOU EVTOG
Tou omtovOUALKOU cwAnva.

Q0t600, OTILG MEPLOGOTEPEG TEPUTTWOELG, AUTO SEV CUVERAYETAL [La TARPN AMWAELO TWV HUTKWV
CUOTIACEWV, KaBWE TIOAU oUXVA oTouG ItepLocdtepout acBeveiq SCI epdavifovtal puikoi oraocpol ko
nto@oAoyLka vwTtiaio avtovoKAaoTika. *

Oa urnopovoe va unootnpxBel 6tL N peiwon g PUikAG duvaung dev Ba ftav n attia, aAAd paAlov Eva
napdAAnAo cupBdv pe TN HElwoN avToXNG TwV 00TWV peTA amno SCI, kadwg urtapyet auooq)peuog ,
QITOSELKTIKWY OESOUEVWYV YLa TNV EUTTAOKN TOU KEVTPLKOU VEUPLKOU CUCTHUATOG OTOV OOTIKO UETAB0ALOULO.

[a tapadetyuo OYXETIKA UE TO CUUTATNTIKO VEUPLKO OUOTNUQ, TILOTEVETAL OTL EUTTOOILEL TO OYNUATIOUO TWV
0O0TWV KOl EVEPYOTIOLEL TNV OOTLKI) AITOPPOPNON.

Qot600, N CUUTAONTIKA SPACTNPLOTNTA LELWVETAL ENELTA a6 TV SCI, Kall, We €K ToUtoU Oa mpémneL va
avapévetal aiénon tng ooTikAG HAlag Ko SUVANNG LESW AUTAG TG 0dou.



@epata opoAoylog

e otn 6LeBvn BBAloypadia xpnoLUOTIOLELTAL KOl OTLC OVOTINPELKEC
naBnoelc o 0po¢ ooteomopwon (osteoporosis) kol oL aoOeveicg
Katataooovtal ocUpdwva HE TA Kplthpla tou [loyKOouLou
Opyaviopov Yyeiac (WHO) vy TIC METEUUNVOTIOUOCLOKEC
YUVOLLKEG.

°* N 00T anmwAsia amo PAAPn vwtlaiov puelov (SCI)
AavBaoueva katnyoplomnoleital we €&’ akwvntomnoinong lmabng
00TEOTIOPWON KOBWC:

1) n ootk amwAeglo €ivat moAAn peyaAvtepn touv 10% tNC
QTTWAELOC OLKLYNTOTIOLNONC Kall

2) 6ev avaotpePeTal MANPWCE HETA amo mbavn Kwntomoinon n
aAAec mopepBaosic (BA. mapakdatw opbootadtnon, opOBWOELC
KTA.)
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Bone Health
Followifig Spinal Cord Injury
< :

8. Catherine Craven, MD, MSc, FRCPC;
Matheus Joner Wiest, PhD;

Tomas Cervinka PhD;

Janige ). Eng, PhD BSc (PT/OT)

Craven BC, Wiest MJ, Cervinka T, Eng JJ (2020). Bone Health Following Spinal Cord Injury. In Eng JJ, Teasell RW,
Miller WC, Wolfe DL, Townson AF, Hsieh JTC, Connolly SJ, Noonan VK, Loh E, Sproule S, Mcintyre A, Querée M,
editors. Spinal Cord Injury Rehabilitation Evidence. Version 7.0. Vancouver: p 1- 126.



Sublesional osteoporosis (SLOP)

Table 5. Definition of sublesional osteoporosis (SLOP)

Age range Definition

Men = 60 years or Hip or knee region T score <-2.5
postmenopausal women

Men <59 years or Hip or knee region Z score <-2.0 with =3 risk factors for
premenopausal women fracture
Men or women age 1690 Prior fragility fracture and no identifiable etiology of

osteoporosis other than SCI

Craven et al. Top Spinal Cord Inj Rehabil 2009;14(4): —22



Table 3: Risk Factors for Lower Extremity Fragility Fracture after SCI

Yes

Risk Factors

Age at Injury <16 years

Alcohol Intake = 5 servings/day

Body Mass Index <19

Duration of SCI =2 10 years

Woman

Motor Complete [AlS A-B)

Paraplegia

Family history of fracture in men

Anticonvulsant use (i.e, Tegretol, Depakote Gabapentin -
MNeuronting

Spasticity Medication

Opioid analgesia use (28 mg morphine for 3 months)

Prior fragility fracture**®

SSRI

PP

Knee region BMD below the fracture threshold*

COogioaiQ) O oo oo o o

**The big 2**




Fracture thresholds are values below which fragility fractures begin to occur,
whereas fracture breakpoints are values below which the majority of fractures
occur (Garland et al. 2008). Knee region areal BMD (aBMD) and volumetric (vBMD)
thresholds for fracture and breakpoint have been identified (Mazess 1990; Eser et
al. 2005 Garland et al. 2005). BMD thresholds are described on Table 2

Table 2: EMD thresholds for fracture and fracture breakpoint.

Mame Value Definition
=0.78 g"f':m_'[E'E'MD] Knee region BMD values
< 114 mg/cm?® (vBMD-

below
Fracture threshold femur] which fragility fractures

< 72 mg/cm? (VBMD- Sy

o QCCur

tibia)

Fracture breakpoint

=< 0.49 gfcm? (aBMD)

Knee region BMD values

at which the majority
of fragility fractures occur

EMD = bone mineral density; aBMD = areal BMD; vBEMD = volumetric BMD.




eninedo BAABNC — anwA&ia ooTou

« O OPOZ OZTEOINOPQ>H KATQ AMNO TO EMNIMEAO THZ BAABHZ
(sublesional osteoporosis) NPEIMNEI NA XPHZIMOIOIEITAI
ME NMPOZOXH IAIAITEPA ZTHN MAPATIAHITA AANNA KAI ZE
I>OAYNAMEZ KATAZTAZEIZ (MS)

« H EZEHIM'HZH OO®EIAETAI 2E AYO AOIOY2

A) YITAPXEI <AIATHPHZ2H> OZTIKH2> MAZAZ 2TH 2.2. 2E
[TEPIOXEZ2 KATQOEN TOY EININIEAOY BNABH2 NOI'Q TH2
OOPTIZH2 T10Y YOIZTANTAI Al10 THN KAOGIZTH OEZH 2TO
ANATTHPIKO AMAZIAIO.

B) YINAPXEI MHXANIKH ®OPTI>H 2THN MNMEPIOXH TH> BAABH2
AlNO TA YAIKA THZ 2INONAYAOAEZIAZ MOY EXEI N'INEI META
TH BAABH



Bone Impairment and Spinal Cord Injury

Douglas E. Garland, ML.D.
University of Southern California
Clinical Professor of Orthopedics

Rodney H. Adkins, Ph.D
Rehabilitation Research and Training Center on Aging with a Disability
Los Amigos Research and Education Institute

Charles A. Stewart, M.D.

University of California, Los Angeles, School of Medicine
Clinical Associate Professor of Radiology
Rancho Los Amigos National Rehabilitation Center
Chief, Department of Medical Imaging

Garland DE, Adkins RH. 2001. Bone loss at the knee in spinal cord injury. Topics in
Spinal Cord Injury Rehabilitation 6:37-46.

Garland DE, Adkins RH, Kushwaha V, Stewart C. 2004b. Risk factors for osteoporosis at
the knee 1n the spinal cord injury population. Journal of Spinal Cord Medicine
27(3):202-206.

Garland DE, Adkins RH, Rah A, Stewart CA. 2001a. Bone loss with aging and the
impact of SCT. Topics in Spinal Cord Injury Rehabilitation 6:47-60.

Garland DE, Adkins RH, Scott M, Singh H, Massih M, Stewart CA. 2004a. Bone loss at
the os caleis compared with bone loss at the knee in individuals with spinal cord
mjury. Journal of Spinal Cord Medicine 27(3):207-211.

Garland DE, Adkins, RH, Stewart CA. 2005a. The natural history of bone loss in the
lower extremity of complete spinal cord injured males. Topies in Spinal Cord
Injury Rehabilitation 11:48-60.

Garland DE, Adkins RH, Stewart CA. 2005b. Fracture threshold and risk for osteoporosis
and pathological fracture individuals with spinal cord injury. Topics in Spinal
Cord Injury Rehabilitation 11:61-69.

Garland DE, Adkins RH, Stewart CA. 2008. Five-year longitudinal bone evaluations of
the lumbar spine, hip, knee and lower extremity in individuals with chronic,
complete SCL. Journal of Spinal Cord Medicine 31(5): 543-550.

Garland DE, Adkins RH, Stewart CA. Ashford R, Vigil D. 2001b. Regional osteoporosis
m women who have a complete spinal cord injury. Journal of Bone Joint Surgery.
American edition. 83A(8):1195-1200.

Garland DE, Foulkes GD, Adkins RH, Stewart CA, Yakura JS. 1994. Regional
osteoporosis following incomplete spmal cord injury. Contemporary Orthopaedics
28:134-139.

Garland DE, Maric Z, Adkins RH, Stewart CA. 1993. Bone density about the knee m
spinal cord injured patients with pathologic fractures. Contemporary Orthopaedics
26:75-79.



*Eldikotepa oe PBAaBn N.M. n opoloyla ootikn
Sratapoxn Aoyw BAapnc N.M. (SCl-related bone
impairment) kpilvetal wg 1o akpLPng

O opoc bone impairment TPOKPILVETOL KOl TOU
opou bone disorder koBwc eveXxelL opoloyia
ATiOKOTAOTAONC TIOU OXETIW(ETOL OQUECA ME TN
LLOLKPOXPOVLOL TTOPELA TWV ATOUWY QUTWV



Eikdva 3. AieBvns tafivopnon tns AEITOUpyIKOTNTAs, TNs avikavotntas kal tns uyeias (ICF)2.

Kardoraon Yyeiag
{covaropnkn avewpaiia i vococ)
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TapayOvTEG TIaPayOvIES
Tuvapeic
napayovTeq

- Q\!:’J
ot EAIOT

Ootukn &iarapaxn
KduwBev tns BAdapns
omv Kdakwon
Nwtiaiou Muefov

tnv Amokatdotoon kol ocupdwva pe tnv Otebvy tafvopnon 1ng
AELTOUPYLKOTNTAC, TNG avikavotntoc Kot tne vyeiac (ICF), pe tov opo
Statapoxn avadepopoaote o MPOBANHA pLoG SOUAC 1 OPYAVOU TOU

CWHATOC, OE OLUTA TNV MEPLNTWON TNC OOTIKAC dOUNC.



S1 Guidelines on Bone Impairment in Spinal Cord Injury

Yannis Dionyssiotis,”* * Yorck- Bernhard Kalke,” Angefﬂ Frotzler,’
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Journal of Clinical Densitometry: Assessment & Management of Musculoskeletal Health, vol. 24,
no. 3, 490-501, 2021
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Prophylaxe, Diagnostik und Therapie der
OSTEOPOROSE

bei postmenopausalen Frauen und bei Minnern

Leitlinie des Dachverbands der Deutschsprachigen
Wissenschaftlichen Osteologischen Gesellschaften
e V.

2017

|P) Inlﬂl @ |F: Deutschsprachige Medizinische
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Curr Osteoporos Rep
DOI 10.1007/s11914-012-0117-0

EPIDEMIOLOGY AND PATHOPHYSIOLOGY (RA ADLER, SECTION EDITOR)

Spinal Cord Injury-Induced Osteoporosis: Pathogenesis
and Emerging Therapies

Ricardo A. Battaglino « Antonio A. Lazzari -
Eric Garshick - Leslie R. Morse

Viechanica
loading

Sclerostin *




T Bome Mimer Res. 2012 February ; 27(2): 352-359%. dea:10.1002/jbmr 546,

Association between Sclerostin and Bone Density in Chronic
sSCl

Leslie R. Morse, DO, CCD"%34, Supreetha Sudhakar, MPH?, Valery Danilack, MPH?, Carlos
Tun, HDE‘: Antonio Lazzari, MD, CCD', David R. Gagnon, MD, MPH, PhD?, Eric Garshick,
MD®'0 and Ricardo A. Battaglino, PhD* 1"

Conceptual Model of Sclerostin-Mediated Bone Loss Following SCI

Morse et al

Page 11
Acute SCI Chronic SCI
Complete paralysis sclerostin levels T sclerostin levels ‘
mechanical | I—
unloading)
EnD BMD
i Sclerostin levels 4 Sclerostin levels
Incomplete paralysis *
(partial mechanical ||- I-
unloading) BMD * BMD *
Putative therapeutic window to target Sclerostin
r T /s | -

Time of Injury 6 months 2 years



* The hypercalciuria
seen in 10 days after neurological injury

reaches its peak at 1.6 months (is 2-4 times the calciuria observed in long bed
ridden subjects) and still in the next 12 months with various degrees.

* Excessive secretion of calcium in urine leads to hypercalcemia

e Hypercalcaemia

Jusually develops 4-8 weeks after SCI but can be started early by 2 weeks or late
at 6 months after injury.

Especially in renal insufficiency



Atatapoyn tou acova Ca-PTH

H unepaofeotialpia kol n ootk amoppodpnon mou eudavilovral
QUECWC META TN PAAPBN elval umevBuva yla ta YapunAd enineda tng
PTH.

H pewwpévn PTH oxetiletal pe avénUEVEC OUYKEVTPWOELS pwaodopou
Kol LELWHEVN ouvBeon 1,25-dihydroxyvitamin D.

OL mapaBupeoctdeic adévec eival oxedov avevepyol pe YopnAd
enimeda PTH va mapatnpouvtat HExpL Kat 1 €tog peta tn BAaBn SCI.

Ta enineda tng PTH €xouv avtiotpodn cuoXETLon ME TO €minmedo TNG
BAAPNC HE HIKpOTEPO O TETpATANylal K.0.K Kal o€ TANPELC PAABeC
N.M.

To arnotedecua eivat uita avénon tnN¢ OOTIKNG OITOppPOPNoNG mou
oxetiletal ue tn OuoAeltoupyia twv moapadupeosldbwy OTN XPOvVId
paon ¢ BAabnc.

tadloka o daocpa 1-9 etwv amokoBiotatal n Aswoupyiad Twv
napoBupeosldwyv



Spinal Cord Series and Cases (2021)7:12 IS CDS .I'?r :'?'I.
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A pulse survey: assessment and management of bone loss in spinal
cord injury

Yannis Dionyssiotis (' - Ruth Marshal®? - Michael D. Stillman® - Leslie R. Morse® - Anastasia-Christina Rapidi [°



Q5 If you measure bone loss in persons with SCI, which tests do you
use? (more than one answer can be chosen)

Answered: 82  Skipped: 0

Calcium levels
In gerum and...

25 (OH) vitD3

Crosslaps

DA of spine

DA of hip

DxA of hand

Whole body DA
{ruscle and ...

Peripheral
quantitative...

Other (please
specify)

e 10% 20% 0% #0% 0% Gl TP B0 S0P 100%



Q7 Which therapeutic approach do you prefer for continued bone loss
(abnormal blood and urine tests) during the acute & subacute phase in
order to stop bone loss (more than one answer can be chosen)

fnswered: 82 Skipped: 0

Mo therapeutic
appraach
Blgphosphonates
I In acut....
Blgphosphonates
aral after...
Denosumah
subcutansous._..
Other (please
specify)

e 10% 20% 30°% 0% 20% Gl TR B9 S0fe 100%



DIAGNOSIS

MEASUREMENTS
BLOOD AND URINE TESTS - DXA



Table 1

Biochemical Parameters in Serum and Urine.

Biochemical parameter

Why 1s important to calculate

Serum Calcium (corrected
to serum albumin)

Serum - Phosphorus

Serum creatinine

Alkaline Phosphatase
(ALP) (Serum)

BSG /C-Reactive Protein

Blood cell account
Serum — protein
electrophoresis

TSH

Testosteron 1n men
25-Hydroxy-Vitamin D3
24 h creatimin secretion
24 h Urine Calcium

secretion

t Primary Hyperparathyroidism or other causes of Hypercalcaemia

} e.g., secondary hyperparathyroidism, malabsorption,

Hypocalcemia as a contraindication to several osteoporosis medications
t renal insufficiency stage IV

t secondary renal hyperparathyroidism |Malabsorption

+ 1e., Osteomalacia

t Differential diagnosis inflammatory

Causes of vertebral deformities, inflammatory rheumatic diseases

evidence of inflammatory and malignant diseases or celiac disease

Evidence of a monoclonal gammopathy or hypogamma-globulinemia as an
indication of MGUS Monoclonal gammopathy of unclear significance or
multiple myeloma or a systemic inflammatory disease

=(0.3 mU/L endogenous or caused by L-thyroxine medication as a risk factor
for fractures

Testosteron deficiency

Vitamin D deficiency

Correct volume collection

t hypercalciuria

J hypocalciuria

Measurement of specific parameters is important for differential diagnosis of other diseases.



MEG®OAOI AMEIKONIZH2

OL puéBodoL amelkovIong TToU XpNOLUOTIoloUVTaL YL TNV AELOAOYNON TWV OCTWVY
nepthapavouv (DXA), (DPA) kat turtkn kot upnAng avaivonc (pQCT, HR-pQCT).

Qoto00, n dtaBeoipotnta twv pQCT mepLopiletal KUPpLwE o€ EpeuvNTIKA LWOpUHATA, EV
HEPEL AOYW TNC acupBatotntag twv dedopevwy pQCT pe ta T oKop IOV TIPOEPYOVTOLL
arto to DXA, tnv EAAewdn pedetwy og puotoloykou ¢ MANBUCHOUC KoL Ta KatwdhALa
Beparmeiac (Engelke et al. 2008, Adams et al. 2014, Zysset et al. 2015).

Craven C, Lynch CL, Eng JJ (2014). Bone Health Following Spinal Cord Injury. In Eng JJ, Teasell RW, Miller WC, Wolfe DL, Townson
AF, Hsieh JTC, Connolly SJ, Noonan VK, Loh E, Mcintyre A, editors. Spinal Cord Injury Rehabilitation Evidence. Version 5.0.
Vancouver: p 1- 37.



Ynidpxouv meploootepol amo 50.000 capwtec DXA oAokAnpou
ocwpatog, mepimov 800 pQCT (XCT 2000 ko 3000) kot poOAlc 50
ocapwteC HR-pQCT (XtremeCT ko XtremeCT |l) mou xpnotpomnotovvtal

oTnNV KAWLKN Ttpaktikn/épeuva maykoopiwe (Shepherd et al. 2014-
(Medizintechnik GmbH kot Scanco Medical).
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2019 ISCD Official Position

Bone Mineral Density Testing in Spinal Cord
Injury: 2019 ISCD Official Position

Leslie R. Morse ! & B, Fin Biering-Soerensen %, Laura D. Carbone * # Tomas Cervinka *, Christopher M.
Cirnigliaro ®, Therese E. Johnston 7, Nan Liu %, Karen L. Troy ®, Frances M. Weaver % 11, Christopher Shuhart 2,

Beverley C. Craven 1

4 epWTNOELC TTOU OYeTLoVTaL LLE TNV KALVLKI XPNOLUOTNTA TNC
aéloAoynonc tn¢ ootiknc ukvotntac pe (DXA) oe atopa pe KNM



e Question 1: What are the indications for initial DXA in
individuals with spinal cord injury?

ISCD Official Position Statement

- All adults with spinal cord injury resulting in permanent
motor or sensory dysfunction should have a DXA scan of
the total hip, proximal tibia, and distal femur as soon as
medically stable.

Grade: Fair, B, W



Question 2: Can bone densitometry by DXA be used to
diagnose osteoporosis, assess fracture risk, or monitor
response to therapy in individuals with spinal cord injury?

ISCD Official Position
- In adults with SCI, total hip, distal femur and proximal tibia

bone density should be used to diagnose osteoporosis,
predict lower extremity fracture risk and monitor response to
therapy where normative data are available.

Grade: Fair, B, W



Question 3: How should DXA be used to monitor
osteoporosis therapy (drug, nutraceuticals, rehabilitation
interventions) in individuals with SCI?

ISCD Official Position
- Serial DXA assessment of treatment effectiveness among individuals

with SCI should include evaluation at the total hip, distal femur, and
proximal tibia, following a minimum of 12 months of therapy at 1- to 2-
year intervals. Segmental analysis of total hip, distal femur and
proximal tibia sub-regions from a whole-body scan should not be used
for monitoring treatment.

Grade Fair, B, W



Question 4: Are there DXA based criteria that are
absolute or relative contra-indication to exercise-

based therapy?

ISCD Official Position
- There is no established threshold BMD value below which weight-

bearing activities are absolutely contraindicated. BMD and clinical
risk factors should be used to assess fracture risk prior to engaging
In weight-bearing activities.

Grade: Poor, C, W
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Osteoporosis prophylaxis in acute SCl

Leslie Morse'?

Is prophylaxis for osteoporosis indicated after acute
spinal cord injury?

Yannis Dionyssiotis (%'

Prophylactic treatment of osteoporosis after SCI: promising research,
but not yet indicated

Dustin Anderson' - Andrew J Park '



CALCIUM IN ACUTE PHASE RIGHT OR WRONG?

* In acute SCI, calcium dietary intake is beneficial

* The suppression of PTH results in reduced absorption
of calcium in gut.

* Others highlight the risk of calcium nephrolithiasis
after acute SCI due to high bone turnover

* However, hypercalciuria after abrupt immobilization is
due to unrequlated bone resorption and not
appreciably influenced by dietary intake

* This may misqguide people with SCI to avoid calcium
intake or dairy products.



* Basic therapy includes
the administration of

calcium.
Should calcium

be used in the o
oreventionand  * A total calcium intake

treatment in of 1000 mg daily is

SCl subjects? recommended, but the
conventional diet is
generally considered
insufficient.



Low
calcium
levels,
what
they
cause?

* Provoke production of PTH to produce more
1,25(0H)2D.

* Increased values of PTH initiate bone remodeling,
resulting in further bone resorption and
increasing released calcium ions in the blood.



* Before starting therapy with
antiresorptive drugs
supplementation with vitamin D is
necessary.

W HA__  If 25(OH)D levels are below
ABO J normal, calcium is inadequately

absorbed in gut and
VITAMIND .

because an antiresorptive agent
like bisphosphonates or
denosumab strongly suppresses
bone resorption,

* severe iatrogenic hypocalcaemia
may develop.



serum 25(OH)D > 30 ng/ml is desirable

Avoadoptka pe Tnv eEAeldn n avenapkela Brapivng D exel
BpebBel twg 0T0 64% TwV MOPATANYLKWVY UTIAPXEL EVOELDL
vitamin D (< 15ng/ml)

g 3 ] ]
thitrds

g

15 (OH) D Conesntration (ngimL)

H g H

An effective oral vitamin D replacement therapy
in persons with spinal cord injury

William A. Bauman®2, Racine R. Emmons?*3, Christopher M. Cirnigliaro?,
Steven C. Kirshblum4:5, Ann M. Spungen®2

Easeline. Manth 1 Maonth 3

Figure 1 Serum vitamin D [25{0OH)D] levels after
supplementation with 2000 IU/day. Values are displayed for
sssssss bjects after month 1 and month 3 of replacement
vitamin administration. Note that six of seven subjects had
25(0H)D levels =30 ng /ml by month 3; the only subject who did
not normalize the 25(0H)D level by month 3 approached the
lower limit of normal (i.e. 28 ng/mil) from a baseline level of

17 ng/ml.



What is the
role of vitamin
D in the
prevention
and treatment

of bone loss in
SCI?

4

Basic therapy
includes the
administration of
vitamin D3.

vitamin D3
recommended dose
should be 800 -
1000 IU per day.



Other
countermeasures
except

neutraceuticals
and drugs?? YES

do

STANDING

WALKING WITH
BRACES

FES

FES-CYCLING

VIBRATION

PEMF




PREVENTION &MANAGEMEN

* Lifestyle Modifications:

* Explain the anficipated decline in hip and knee region BMD for 18-24 months
after SCl and the associated future risk of lower extremity fragility fracture.
Discuss the differences between an incident and fragility fracture. Acquisition of
optimal fransfer technique in and out of his wheelchair, car and motocross bikes
will minimize his future fracture risk.

*Encourage the pursuit of an alternate role within his preferred recreational
activity (i.e. official versus competitor, recreational versus competitive moto-
cross, etc.) orinvolvement in alternate sports/activities.

e Restrict caffeine intfake to < three 8 oz servings per day.

* Discuss smoking cessation strategies, ask him to pick a date for quitting, and
offer smoking cessation therapy as appropriate (i.e. cognitive behavior therapy,
nicotine patch, Zyban®, etc. alone/in combination).



. : : : y T—
Functional electrical stimulation ;i‘—'jl f{*”a TS
Funcrional elecrrical srimularion (FES) 1s a treatment that applies electrical ;’E A\ O AT

. . . . . . . SN ® g e,
stimulation to the muscles during activities like standing, walking, or lﬁ't';"' } —q o, ';er / ;\x
cycling. This treatment involves repeated pulling of the muscles on Er?* ;é/) /] ( Y '\ \

B \ ¥ A \
bones, which could help to strengthen the bones. "j /@i [E?['f r ?:’ | ]> | H"-E
AV, SRl Sl B
There 1s evidence suggesting that functional electrical sumulation cycling ,,a«,j : / ’5,{7 f MLL = |
does not prevent bone loss in the lower leg early after SCI but may help . b, o w ¥
to mcrease bone mineral density i stimulated areas of - f"J\_ 1 Y

Refer to our the leg during the later period after SCI. However, _

chapter on : , . : FES can be applied to the leg muscles

FES for more the sumulation needs to be ongoing or the benefits during assisted walking.""

information! will be lost. |

Craven C, Lynch CL, Eng JJ (2014). Bone Health Following Spinal Cord Injury. In Eng JJ, Teasell RW, Miller WC, Wolfe DL,
Townson AF, Hsieh JTC, Connolly SJ, Noonan VK, Loh E, Mcintyre A, editors. Spinal Cord Injury Rehabilitation Evidence. Version
5.0. Vancouver: p 1- 37.

Available from: http://scireproject.com/evidence/rehabilitation-evidence/bone-health/
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Asselin et al. Low-imtensity vibration and bone preservation




Available online at www.sciencedirect.com Current Opinion in
ScienceDirect Pharmacology

Pharmacological approaches for bone health in ®
persons with spinal cord injury -
William A. Bauman'#*

£
FI SEVIER

Current Opinion in Pharmacology 2021, 60:346—359
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ORIGINAL ARTICLE

Early treatment with zoledronic acid prevents bone loss
at the hip following acute spinal cord injury

J. S. Bubbear - A. Gall - F. R. 1. Middleton -
M. Ferguson-Pell - R. Swaminathan - R. W. Keen
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Calcif Tissue Int (2007) 80:316-322
DOIL: 10.1007/500223-007-9012-6
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Treatment with Zoledronic Acid Ameliorates Negative Geometric Changes
in the Proximal Femur following Acute Spinal Cord Injury

J. Shapiru.,' B. Smilh.,Z T. Becl«..," P. B::lllard.,Z M. D:i]}lh::lr}'.,3 K. Brilll;cenhul't:S;ttJ':_'.,4 J. Caminis”
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1. In treatment group:
A. Six months after zoledronic acid, BMD, cross-sectional area, and sectional modulus increased at the hip and buckling ratio decreased consistent with
improved bone outcomes.

B. At 12 months, narrow-neck femur values declined and intertrochanteric and femoral shaft BMD was maintained.

2. Placebo group showed a decrease in bone outcomes and an increase in buckling ratio at the hip at 6 and 12 months
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Percent change in BMD at the hip and knee after treatment with zoledronic acid. The darker boxes represent the treatment group and the lighter
boxes represent the control group. Percent change from baseline for treatment versus control: *p <0.05; **p< 0.01; Tp< 0.001; *p < 0.0001. Reproduced
with permission from Bauman et al."*"]

Bauman WA, et al.: Zoledronic acid administration failed to prevent bone loss at the knee in persons with acute spinal cord injury:
an observational cohort study. ] Bone Miner Metabol 2015, 33:410-421.
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SHORT COMMUNICATION
Denosumab increases sublesional bone mass in osteoporotic
individuals with recent spinal cord injury

L. Gifre" + J. Vidal* « J. L. Carrasco” + A. Muxi”* « E. Portell* + A. Monegal ' -
N. Guaiiabens ' « P. Peris'*
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Cirnigliaro CM, et al.: Administration of denosumab
preserves bone mineral density at the knee in persons with
subacute spinal cord injury: findings from a randomized clinical
trial. IBMR Plus 2020, 4, e10375.
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Percent change in BMD at the hip and knee after reatment with denosumab. Percent change from baseling in areal BMD (aBMD) at the (a) total hip
(TH). (b) distal femur metaphysis (DFM), (c) distal femur epiphyses (DFE), and (d) proximal tibia epiphysis (FTE). Percent change from baseline for

denosumab versus placebo at the respective time points: *p < 0.05; tp <= 0.01; **p < 0.001. Reproduced with permission from Cirnigliano, et all®l
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Table 2
Recommendations for prevention and therapy for SCls bone impairment.

Recommendations for prevention and therapy for SCls bone impairment*

according to SCI phase implemented diet and vitamin D supplement calcium according Bisphospho nates FES in SCls
lifestyle modifications if vitamin D =20ng/ml to international (perosandiwv.) with intact lower
guidelines motoneuron
1. basic therapy in “persons + + i+ - -

at risk”, including wheel-
chair bound paraplegics

(prevention).
2a. therapy (acute phase) + + + + -
2b. therapy osteopenic Z i+ i+ + - -
scores (chronic phase)
2c. therapy osteoporotic Z-  + + + + +

scores in non-ambulatory
persons (chronic phase)

2d. therapy osteoporotic baseline and specific therapy should be considered in accordance with the recommendations of the DVO Guideline
fracture due to SCI

*For patients with AIS D who can walk, reference is made to international guidelines (52). Abbr: SCI, Spinal Cord Injury; FES, Functional Electrostimulation, DVO,
Dachverband Osteologie.



At what BMD value / T score / Z score etc. is
prevention and treatment of osteoporosis
indicated in SCI? NOT CLEAR

* Prophylactic osteoporosis-based therapy in "risk individuals”,
including wheelchair bound SCI subjects usually (with severity
grades AIS A-C) because of their bone loss promoting
pathophysiology.

* Do we need to wait fractures to occur or to reach fracture
threshold??

* For patients with AIS D who can walk, reference is made to the
WHO guidelines

* AISE*



