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La ganancia ésea en la nifiez determina la salud dsea en el resto de la vida
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Objetivos

Revisar sobre el metabolismo de la vitamina D, pacientes que
presentan riesgo de deficiencia, los que requieren tamizaje,
dosis de tratamiento y de mantenimiento, y que efectos tiene la
deficiencia de vitamina D sobre la mineralizacion 6sea

Revision de osteoporosis en la edad pediatrica, pasos para
diagndstico y tratamiento.
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Cod liver oll ~400-1,000 IU/teaspoon vitamin Dy

Salmon, fresh wild caught ~600-1,000 IU/3.5 oz vitamin D4

Salmon, fresh farmed ~100-250 IU/3.5 oz vitamin D, vitamin D, &;/
Salmon, canned ~300-600 IU/3.5 oz vitamin Dy

Sardines, canned ~300 IU/3.5 oz vitamin Dy

Mackerel, canned ~250 1U/3.5 oz vitamin D5

Tuna, canned 236 1U/3.5 oz vitamin D,

Shiitake mushrooms, fresh ~100 1U/3.5 oz vitamin D,

Shiitake mushrooms, sun-dried ~1,600 IU/3.5 oz vitamin D,

Egg yolk ~20 IU/yolk vitamin D5 or D,

Sunlight/UVB radiation ~20,000 IU equivalent to exposure to 1 minimal erythemal dose (MED) in a bathing

suit. Thus, exposure of arms and legs to 0.5 MED is equivalent to ingesting

~3,000 IU vitamin Ds.
Fortified foods

Fortified milk 100 1U/8 oz, usually vitamin D,

Fortified orange juice 100 IU/8 oz vitamin D4

Infant formulas 100 1U/8 oz vitamin D5

Fortified yogurts 100 1U/8 oz, usually vitamin D5

Fortified butter 56 1U/3.5 oz, usually vitamin D,

Fortified margarine 429 1U/3.5 oz, usually vitamin D,

Fortified cheeses 100 1U/3 oz, usually vitamin D;

Fortified breakfast cereals ~100 IU/serving, usually vitamin D,
Pharmaceutical sources in the United States

Vitamin D, (ergocalciferol) 50,000 IU/capsule

Drisdol (vitamin D) liquid 8,000 IU/cc e
Supplemental sources

Multivitamin 400, 500, 1,000 IU vitamin D or vitamin D5

Vitamin D5 400, 800, 1,000, 2,000, 5,000, 10,000, and 50,000 IU J

IU = 25 ng. [Reproduced with permission from M. F. Holick: N Engl J Med 357:266-281, 2007 (3). © Massachusetts Medical Society. ]
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TABLE 2. Indications for 25(0OH)D measurement
Y (candidates for screening)

Table 2. Risk Factors for Nutritional Rickets and
Osteomalacia and Their Prevention

Maternal factors
Vitamin D deficiency
Dark skin pigmentation
Full body clothing cover
High latitude during winter/spring season

Rickets

Osteomalacia
Osteoporosis

Chronic kidney disease
Hepatic failure

Malabsorption syndromes Other causes of restricted sun (UVB) exposure, eg,
Cystic fibrosis predominant indoor living, disability, pollution, cloud
Inflammatory bowel disease cover
Crohn's disease Low vitamin D diet

Bariatric surgery

dll ) Low calcium diet
Radiation enteritis

Poverty, malnutrition, special diets

Eﬂy’epdeigg%r;’_tlf;ymldlsm Infant/childhood factors
Antiseizure medications Nennat_al_ vitami_n D u_deﬁcienn_:y_ secondary to maternal
Glucocorticoids deficiency/vitamin D deficiency
AIDS medications Lack of infant supplementation with vitamin D
Antifungals, e.g. ketoconazole Prolonged breast-feeding without appropriate

Cholestyramine
African-American and Hispanic children and adults
Pregnant and lactating women
Older adults with history of falls

complementary feeding from & mo
High latitude during winter/spring season
Dark skin pigmentation andfor restricted sun (UVE)

Older adults with history of nontraumatic fractures exposure, eg, predominant indoor living, disability,
Obese children and adults (BMI > 30 kg/m?) pollution, cloud cover
Granuloma-forming disorders Low vitamin D diet
Sarcoidosis Low calcium diet
Tuberculosis Poverty, malnutrition, special diets W/

Histoplasmosis Risk factors are prevented by:
Coccidiomycosis

Berviliosi Sun exposure (UVB content of sunlight depends on latitude
erylliosis

Some lymphomas _ E”"!d season) ) /
Vitamin D supplementation

Strategic fortification of the habitual food supply
Mormal calcium intake

vacla GBS L Vvacla oo o owme o PP
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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
qgroup EAR RDA UL Daily requirement UL

Infants

Oto 6 months 400 IU {10 pg) 1,000 1U (25 pa) 400-1,000 U 2,000 U

6to 12 months 400 IU (10 pg) 1,500 1U (38 pa) 400-1,000 U 2,000 U
Children

1-3 yr 400 1U (10 wg) 600 IU(15 ug) 2,500 U (63 pg) 600-1,000 U 4,000 U

-ﬂl—E yr 40010 (10 wg) 600 IU(15 ug) 3,000 U (75 pg) 600-1,000 U 4,000 U
Males

9-13 yr 400U (10 wg) 600 1U (15 wg) 4,000 IU (100 pg) 600-1,000 1U 4,000 U

14-18 yr 400 1U (10 pg) 600 1U (15 ug) 4,000 IU (100 pg) 600-1,000 IU 4,000 IU

19-30 yr 4001U (10 pg) 600 1U (15 wg) 4,000 U (100 pg)  1,500-2,0001U 10,000 U

31-50 yr 400 U {10 ug) 6001V (15 ug) 4,000 IU (100 pg) 1,500-2,000 1L 10,000 U

51-70 yr 400 U {10 pug) 6001V (15 ug) 4,000 IU (100 pg) 1,500-2,000 1U 10,000 U

=70 yr 400 1U (10 wg) 800 IU (20 wg) 4,000 IU (100 pg) 1,500-2,000 1L 10,000 U
Fernales

9-13 yr 400 U {10 pg) 600 1U(15 ug) 4,000 IU (100 pg) 600-1,0001U 4,000 U

14-18 yr 400 U (10 pg) 6001V (15 ug) 4,000 IU (100 pg) 600-1,000 U 4,000 U

19-30 yr 400 U {10 ug) 6001V (15 ug) 4,000 IU (100 pg) 1,500-2,000 1L 10,000 U

31-50 yr 400U (10 pg) 600 1U (15 ug) 4,000 IU (100 pg) 1,500-2,000 1U 10,000 U

51-70 yr 400U (10 pg) 600 1U (15 ug) 4,000 IU (100 pg) 1,500-2,000 1L 10,000 U

=70 yr 400 U (10 ng) 800 1U (20 ug) 4,000 IU (100 pg) 1,500-2,000 1L 10,000 U
Pregnancy

14-18 yr 400 U {10 png) 6001V (15 ug) 4,000 IU (100 pg) 600-1,000 1U 4,000 U

19-30yr 400U (10 pg) 600 1U (15 ug) 4,000 IU (100 pg) 1,500-2,000 1U 10,000 U

31-50 yr 400U (10 pg) 600 1U (15 ug) 4,000 IU (100 pg) 1,500-2,000 1U 10,000 U
Lactation®

14-18 yr 400 U {10 ug) 6001V (15 ug) 4,000 IU (100 pg) 600-1,000 U 4,000 U

19-30yr 400 U {10 png) 6001V (15 ug) 4,000 IU (100 pg) 1,500-2,000 1L 10,000 U

31-50 yr 400 U {10 pg) 6001V (15 ug) 4,000 IU (100 pg) 1,500-2,000 1L 10,000 U

Al, Adequate intake; EAR, estimated average requirement; UL, tolerable upper intake level.
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Table 1  Cut-off levels of 25-OHD for defining vitamin D deficiency according to different recommending authorities
Recommending authority Deficiency Insufficiency Sufficiency Toxic
US IOM [6, 7] >50 nmol/L 125 nmol/L
(20 ng/ml) (50 ng/ml)

The Endocrine Society Clinical Practice Guideline 2011 [8] < 50 nmol/L 52.5-72.5 nmol/L 75 nmol/L

(< 20 ng/ml) (21-29 ng/ml) (>30 ng/ml)
The Endocrine Society Global Consensus <30 nmol/L 30-50 nmol/L >50 nmol/L >250 nmol/L

Recommendations 2016 [9] (<12 ng/ml) (12-20 ng/ml) (>20 ng/ml) (100 ng/ml)
American Academy of Pediatrics [10] 50 nmol/L
(20 ng/mL)

ESPGHAN [11] <25 nmol/L >50 nmol/ L

(10 ng/ml) (20 ng/ml)
British Paediatric and Adolescent Bone Group [12] < 25 nmol/L 25-50 nmol/L >50 nmol/L.

(10 ng/mL) (10-20 ng/ml) (>20 ng/ml)

'
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Tabla ER15.1.2.3 Estadios evolutivos bioguimicos del raquitismo por deficiencia de vitamina D.

Estadio

Ca,

FA

PTH

25 0OH Vit D

1,25(0H),Vit D

Mecanismos

Hallazgos clinico-radiologicos

U

f

f

U

N

Absorcion intestinal de Ca y P disminuida
secundaria al déficit de VitD

Osteopenia

i

it

Uy

El hiperparatiroidismo promueve la
resorcion dsea y reabsorcion tubular de
Ca, y la produccion de 1,25 (OH); VitD.

Signos clinico-radioldgicos de raquitismo
presentes

El hiperparatiroidismo es incapaz de
compensar la disminucion de calcio
intestinal y se produce la hipocalcemia.

Signos clinico-radiolégicos de raquitismo
graves

Evnliicidn de lac deformidacdes de MM

Figura 15.1.2.4. Raqumsmo por Déficit de Vitamina D.
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cPor qué si la forma activa de
vitamina D es 1,25-hidroxi vitamina
D, medimos 25-hidroxi wvitamina D?



RESO INTERNACIONAL DE

“PEDIATRIA
YOUee TSSO VES
N

La concentracion de 1,25-hidroxivitamina D
es 1000 veces menor que la de 25-
hidroxivitamina D.

La vida media es de 4 horas, comparada con
2 a 3 semanas de 25-hidroxivitamina D.

Tsuprykov O, Chen X, Hocher CF, Skoblo R, Lianghong Yin, Hocher B. Why should we measure free 25(0H) vitamin D? J Steroid Biochem Mol Biol [Internet]. 2018;180(November 2017):87-104.

Available from: https://doi.org/10.1016/j.jsbmb.2017.11.014 s {
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SPECIAL FEATURE

Consensus

Statement

Global Consensus Recommendations on Prevention
and Management of Nutritional Rickets

Craig F. Munns, Nick Shaw, Mairead Kiely, Bonny L. Specker, Tom D. Thacher,
Keiichi Ozono, Toshimi Michigami, Dov Tiosano, M. Zulf Mughal, Outi Makitie,
Lorna Ramos-Abad, Leanne Ward, Linda A. DiMeglio, Navoda Atapattu,
Hamilton Cassinelli, Christian Braegger, John M. Pettifor, Anju Seth,

Hafsatu Wasaqu Idris, Vijayalakshmi Bhatia, Junfen Fu, Gail Goldberg, Lars Savendahl,
Rajesh Khadgawat, Pawel Pludowski, Jane Maddock, Elina Hyppdnen, Abiola Oduwole,
Emma Frew, Magda Aguiar, Ted Tulchinsky, Gary Butler, and Wolfgang Hogler*

Table 3. Treatment Doses of Vitamin D for Nutritional
Rickets

Daily Dose for Single Maintenance
Age 90 Days, IU Dose, IU Daily Dose, IU

<3 mo 2000 N/A 400
3-12 mo 2000 50000 400
=12moto 12y 3000-6000 150 000 600
=12y 6000 300 000 600

Abbreviation: N/A, not available. Reassess response to treatment after
3 months as further treatment may be required. Ensure a daily calcium
intake of at least 500 mq. For conversion from IU to ng, divide by 40.
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Introduccion

« ANTES DE LOS 18 ANOS, EL 95% DE LA Masa OSEA ES ADQUIRIDA

* HUESO (70-80% HIDROXIAPATITA, 20-40% COLAGENO, 5-10% AGUA
MENOS DEL 3% LIPIDQOS)

* CORTICAL 80%, 20 % TRABECULAR

* PERDIDA 6sea EN REGIONES QUE PRESENTAN UNA ACTIVIDAD
TRABECULAR MAYOR

Charoenngam, N., Cevik, M. B., & Holick, M. F. (2020). Diagnosis and management of pediatric metabolic bone
diseases associated with skeletal fragility. In Current Opinion in Pediatrics (Vol. 32, Issue 4, pp. 560-573). Lippincott J
Williams and Wilkins. https://doi.org/10.1097/MOP.0000000000000914
‘/ \/ -
#-_A
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2 O MAS FX EN HUESOS
LARGOS EN MENORES DE
- N 10 ANOS 0 3 0 MAS
HISTORIA CLINICA \ ANTES DE LOS 19 ANOS )
SIGNIFICATIVA DE
( h FRACTURAS ( ) )
1 O MAS FRACTURA POR
OSTEOPOROSIS EN N J COMPRESION VERTEBRAL
PEDIATRIA - ~N SIN ALTA ENERGIA O
ENFERMEDAD LOCAL
\ J Z-SCORE MENOR O IGUAL \ J
A25
\ J ~

Charoenngam, N., Cevik, M. B., & Holick, M. F. (2020). Diagnosis and management of pediatric metabolic bone
diseases associated with skeletal fragility. In Current Opinion in Pediatries (V@, Issue 4, pp. 560-573). Lippincott
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)
Historia de fracturas (numero, localizacion,
mecanismo y caracteristicas rx de las fracturas)

Dolor lumbar debe ser investigado (fx vertebrales)

Detalle de comorbilidades (actividad fisica, dieta,
medicacion, crecimiento, pubertad, historia familiar
de fracturas incluida pérdida auditiva) C)

Ciancia, S., van Rijn, R. R., Hogler, W., Appelman-Dijkstra, N. M., Boot, A. M., Sas, T. C. J., & Renes, J. S. (2022). Osteoporosis in children and adolescents: when to suspect and how to /
diagnose it. In European Journal of Pediatrics (Vol. 181, Issue 7, pp. 2549-2561). Springer Science and Business Media Deutschland GmbH. https://doi.org/10.1007/s00431-022-

04455-2
e’
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~ Examen Fisico

—Tronco

Extremidades
superiores

N/
N ‘&.‘
_____ Extremidades \‘5 \
~inferiores
N 'l /i K :h /

Antropometria Medicién de Perimetro cefalico Dientes Escleras Laxitud de
segmentos extremidades

“qura 4. Vista anterior. Cicalrices de fistula en encia insr

Tt A o e .
xR isiotias

o

dorrnl e v
! A .-"/’\./n"
L = (/A5
Tole |

,wl: ,'{‘
i e )\
Escoliosis Deformidad de Ensanchamiento de Sensibilidad en la Laxitud de la piel Estadio puberal ~/
extremidades mufiecas y tobillos columna

Ciancia, S., van Rijn, R. R., Hogler, W., Appelman-Dijkstra, N. M., Boot, A. M., Sas, T. C. J., & Renes, J. S. (2022). Osteoporosis in children and adolescents: when to suspect and how to \/
diagnose it. In European Journal of Pediatrics (Vol. 181, Issue 7, pp. 2549-2561). Springer Science and Business Media Deutschland GmbH. https://doi.org/10.1007/s00431-022-

04455-2 s \J O, L
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Puede ayudar en el diagnostico y manejo
La interpretacion puede ser confundida (crecimiento y la pubertad)

2019 Recomendaciones oficiales (cuerpo menos cabeza) y columna
lumbar

Z score es menor o igual a 2.5 (baja masa 6sea)

Madhuchani, D., Seneviratne, S. N., & Ward, L. M. (2023). Bone health in childhood and adolescence: an overview o‘n

dual-energy X-ray absorptiometry scanning, fracture surveillance and bisphosphonate therapy for low-middle-income J
countries. In Frontiers in Endocrinology (Vol. 14). Frontiers Media S.A. https://doi.org/10.3389/fend0.2023.1082413
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~ Radiografia

* Fracturas vertebralesy
escoliosis

* Método
semicuantitativo de
genant (pérdida de la
altura de la vertebray
cambio en la
morfologia)

European Journal of Pediatrics (2022) 181:2549-2561

2555

Fig. 1 a Male adolescent with
backpain. no history of trauma
reported. Lateral radiograph

of the spine shows a vertebral
fracture of the 12" thoracic
vertebra. There is a 35% loss
of height, in keeping with a
grade 2 fracture according

to the Genant classification
(moderate fracture, 25 to

40% loss of height). The 11
thoracic vertebra and the 1*
lumbar vertebra also show mild
wedging: measurements are
not shown to prevent clutter of
the image. b Girl with juvenile
osteoporosis. Lateral radiograph
of the spine shows multiple
fractures. Measurement shows
a 34% loss of height, in keeping
with a grade 2 fracture accord-
ing to the Genant classification
(moderate fracture, 25 to 40%
loss of height)

Madhuchani, D., Seneviratne, S. N., & Ward, L. M. (2023). Bone health in childhood and adolescence: an overview on dual-energy X-ray absorptiometry \/
scanning, fracture surveillance and bisphosphonate therapy for low-middle-income countries. In Frontiers in Endocrinology (Vol. 14). Frontiers Media S.A.

https://doi.org/10.3389/fendo.2023.1082413
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1.5¢m 1.6em 1.5cm 2.4 2A4cm
2.4 cm Aam y

Mild (Grade 1) Moderate (Grade 2) Severe (Grade 3)
with loss of endplate parallelism

Normal Un-deformed Normal Variant Un-deformed Normal Variant Un-deformed
(Physiological Anterior Wedging) (Physiological Anterior Wedging
and Ring Apophysis)

Endplate Interruption Anterior Cortical Buckling

Moderate Severe Moderate
Anterior Wedge Fracture Bi-concave Fracture Mono-concave Fracture

Fig. 5. (A) Sites of “point placements” to measure vertebral height ratios on plain radiographs in the assessment of vertebral fractures in children.
Heights are measured at the anterior end (a), at the middle point (m), and at the posterior end (p) of vertebral bodies on the lateral projection. (a)
Normal undeformed vertebral body in a 3-year-old girl with dermatomyositis, (b) Normal variant undeformed vertebral body (physiologic anterior
wedging) in a 6-year-old girl with juvenile idiopathic arthritis, (c) Normal variant undeformed vertebral body (physiologic anterior wedging with

ring apophysis) in a 12-year-old girl with acute lymphoblastic leukemia, (d) Moderate wedge fracture in a 10-year-old girl with systemic vasculitis, /
(e) Severe biconcave fracture in a 15-year-old boy with acute lymphoblastic leukemia, (f) Moderate monoconcave fracture in a 13-year-old girl with

acute lymphoblastic leukemia. (B) Fractures in children with acute lymphoblastic leukemia: (a) mild (Grade 1) fracture with loss of endplate parallelism

in a 16-year-old boy, (b) moderate (Grade 2) fracture in a 7-year-old girl, (c) severe (Grade 3) fracture in a 14-year-old boy, (d) endplate interruption in a
9-year-old girl, and (e) anterior cortical buckling in a 12-year-old boy.
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Indicaciones para densitometria 0sea

Diagndstico y monitoreo de la

salud dsea en nifios con . .
Monitoreo de la DMO mientras se

recibe bifosfonatos

Historia de fracturas significativas enfermedades
cronicas/medicacion (incremento
del riesgo de fragilidad dsea).

’

Madhuchani, D., Seneviratne, S. N., & Ward, L. M. (2023). Bone health in childhood and adolescence: an overview on dual-energy X- /
ray absorptiometry scanning, fracture surveillance and bisphosphonate therapy for low-middle-income countries. In Frontiers in
Endocrinology (Vol. 14). Frontiers Media S.A. https://doi.org/10.3389/fendo.2023.1082413
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- Terapia con glucocorticoides

* Dosis acumulativa

* Tiempo

* Evidencia no conclusiva

* Fracturas vertebrales (hueso trabecular)
e Asintomaticas

* Dxa, rx lateral de columna dorsal y lumbar antes del inicio y cada ano
si terapia continua



X X I¥1

RESO INTERNACIONAL DE

EDIATRIA

oo =e ST VIS VES

— GH,IGF-14 %) V ca? CNP
G | 7o) —dteeniont S8 SILI\/,}“O“W‘Q
IHH | et
activity | EZ —

vow‘*‘ =
d'\\l \\q

A: Resting zone
B: Proliferative zone
C: Hypertrophic zone

Glucocorticoid inducedbone disorders in children:Research progress intreatment mechanisms. DO

10.3389/fendo0.2023.1119427 Q,
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- Malignidad

Substacias osteotoxicas

Quimioterapia (metotrexate, ciclosporina, glucocorticoides)

Malnutricion

Inmovilidad prolongada ~
~ N
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] Normal
(Grade 0)
Nt s
t—iﬁ Wedge Biconcave Crush
Deformity Deformity Deformity
s &E} &t‘j Lg’?j
>20-25%
‘ %
s.meodamny . 2 . = \ )
(g tfé% (= cﬁaﬁi
B
Loss of Endplate Anterior Cortical Endplate Interruption "/
Parallelism Buckling

IGURE 1

tave classification for vertebral frature assessments (adapted from Genant et al {31), (B) Qualitative radiclogical signs
d from Ward LM (25)
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~ Paso 1 Descartar raquitismo+ injuria no traumatica+ fragilidad no
diferenciada+ contexto clinico de fragilidad dsea

Causa etioldgica o condicién de

comorbilidad que exacerba el
riesgo de fx

Undifferentiated |  Ruleout:  Clinical context

= known to be
hotie fkagiiity l ‘ associated with

Ca, P, creatinina, FA, PTH, S Rickets NAI* bone fragility
250hvitamina D y en orina calcio,
fosforo, creatinina

’

* Non-accidental injury

Ward, L. M., & Koniji, V. N. (2020). Advances in the Bone Health Assessment of Children. In Endocrinology an aJI Metabolism
(N of North America Nl 49 o 4 nn _613—0636 \/ B alLlngae httpns://doiore L1016/ €6 1"'5 ‘
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— Paso 2 valorar los signos de una osteoporosis primaria o
secundaria (a una enfermedad aguda o crdnica)

Riesgo de Fx entre el nacimiento y 16 afios (42-64%) nifios (27-40% nifias)

Sitio mas frecuente antebrazo (mitad)

65% huesos largos (extremidad superior)

7-28% inferior

Fx de fémur, tibia o humero (evento osteopordtico)

Antebrazo es comun-recurrentes-investigar

Ausencia de trauma

Evaluate the child's
skeletal phenotype for
signs of:

i %

Congenital Acute or
bone fragility  chronicillness
(Primary (Secondary
Osteoporosis) Osteoporosis)
"’
Hl(:ull:m%:i:. step in evaluating a child with bone fragility is to J

comprehensively assess the child’s skeletal phenotype and, in so

doing, search for signs of primary versus secondary osteoporosis
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Genes Implicated in Osteogenesis Imperfecta: A Type | Collagenopathy
v

Functional Collagenopathy Classification System

¢

¥

\4

A B C D E
Primary defectsin § Collagen Collagen folding Ossification Defects in osteoblast
collagen structure § modification and cross- or mineralization § development (secondary

or processing defects linking defects defects collagen insufficiency)

WNT1 o115
CREB3L1 oi1s
SP7 o2
MESD o120
LRPS ora

IFITM5 ois
SERPINF1 016
SGMS2 coucoLsme

CRTAP o7
LEPRET o118

SERPINH1 o110
FKBP10 oi118s1
PLOD2 Bs2
P4HB ccsa

coum] "

(OL1A2

BMP1 oiz

SPARC o117

TENTSA (FAM46A) o118

PPIB 019
TMEM38B o114

Abbreviations: BS = Bruck Syndrome OPG = Osteoporosis Pseudoglioma Syndrome
(CS=Cole-Carpenter Syndrome ~ SMD = Spondylometrophyseal Dysplasia

CDL = Calvarial Doughnut Lesions
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Skeletal
dysplasia

features

Spondylo-
ocular
dysplasia
(XYLT2)

Gnatho-

diaphyseal
dysplasia
(ANO5)

Cleidocranial
dysplasia
(RUNX2)

Primary Osteoporosis with Distinguishing Features

e ¥ ¥ -

Vascular Spinal muscular atrophy
calcifications with congenital bone
fractures

v
SMABF1 (TRIP4)
SMABF2 (ASCC1)

Tall Stature
Syndromes

Marfan’s
(FBN1)
Loeys-Dietz
(SMAD3)

Singleton-Martin
dyslasia

« Type 1 (IFIH1)

« Type 2 (DDX58)

Geroderma
osteodys-
plasticum

(GORAB)

Cutis laxa

(ARCL2B) Homocystinuria

(CBS)

Ehlers-
Danlos*

* Multiple genes are implicated in the various forms of EDS, including COLTAT
R AT



Most Frequent Causes of Secondary Osteoporosis in Children

Critical Organ Dysfunction Endocrinopathies ;

Hematological disorders Hypogonadism
(malignancy, thalassemia)
Glucocorticoid-treated liver
and kidney diseases Growth hormone deficiency

Hyperthyroidism

Diabetes mellitus, Cystic hibrosis Hyperparathyroidism
Short gut syndromes

Neuromuscular disorders
Solid organ and stem cell transplant Amenorrhea due to anorexia nervosa

Endogenous hypercortisolemia

Inflammatory Disorders Medications
Systemic vasculitis Glucocorticoids
Systemic juvenile arthritis Anti-epileptic drugs
Juvenile dermatomyositis Anti-coagulants
Systemic lupus erythematosus Methotrexate

Mixed connective tissue disease Anti-retroviral agents
Inflammatory bowel disease Calcineurin inhibitors
Celiac disease Proton pump inhibitors

Exacerbating Lifestyle Factors
Limited sunlight exposure
Inadequate calcium and vitamin D intake

Lack of physical activity

Poor nutrition /
FIGURE 3
t is now known that numerous underlying conditions can cause or exacerbate a predisposition to bone fragility in the chronic illness setting. The /
most frequent diseases and their treatments which predispose to secondary osteoporosis in children, are listed here



Approach to the Diagnosis of Osteoporosis in Children

( Children presenting with clinically significant fractures (see text))

Rule out a disorder of mineral ion metabolism (e.g. rickets, hypophosphatasia) Evaluate for an undiagnosed acute or chronic systemic iliness

Assess dietary intake, supplement use. Physical exam for bowing deformity, widening Obtain detailed history/review of systems. Complete full physical exam. Labs as
of the wrists and ankles, (mn‘lotdbcs. Serum d"\d urine calcium & phosphate, serum and indicated by history/exam, i.e. inflammatory markers, complete blood count, bone
urine creatinine, parathyroid hormone, alkaline phosphatase, 25-hydroxyvitamin D, 2 e or chlldhasd tedk ollac By i .l 3
1,25(0H),D,, x-rays for rickets. marrow aspirate (for childhood leukemia), celiac screen, endocring hormones

Disorder of mineral metabolism suspected: No evidence of a disorder of mineral ion metabolism, nor acute or chronic Acute or chronic underlying systemic iliness
Pursue further testing/treatment as needed systemic illnesses, proceed with a formal osteoporosis evaluation, including: suspected:
Lateral thoracolumbar spine radicgraph, BMD by DXA, and a partial or full Refer for futher testing/treatment as indicated,
skeletal survey (depending on the clinical context, to lcok for wormian Formal osteoporosis evaluation may still be
bones, limb deformity, scoliosis, prominent trabecular markings, gracile long required, concurrent with or subsequent to the
bones, thinning of the cortices, plagiocephaly) diagnostic evaluation for an underlying illness

b A

Primary osteoporosis* ( Secondary osteoporosis* )

v v

Assess for evidence to supporta Assess for evidence to support a
congenital/heritable form of bone fragility secondary cause of bone fragility

Vertebral fractures Low BMD Vertebral fractures, low BMD
Skin laxity Short stature Si
nsors toms of:

Blue/grey sclerae Muscle weakness '9 ymp - )
Wonialiea Bones Plagiocephaly Inflammatory bowel disease, celiac disease
Abnormal dentition Facial dysmorphism Rheumatic disorders {e.g. juvenile arthritis)
Long bone deformity Easy bruising Neuromuscular disease (e.g. DMD, cerebral palsy)
Thoracic cage deformity  Chronic bone pain Prolonged immeobilization
Scoliosis Joint hypermobility Malignancy (e.g. leukemia, osteosarcoma)
Positive family history Positive genetic testing ke Nutritional deprivation, non-accidental injury

.

( Absence of evidence to support a primary or secondary form of bone fragility )

v

Refrain from diagnosing the child with ostecporosis UNLESS the child meets the 2013 ISCD fracture criteria (for rationale, see text):
i.e, 2 2 low-trauma long bone fractures by 10 years of age or = 3 low-trauma long bone fractures by 19 years plus a BMD Z-score < -2
(although it is recognized in the 2013 ISCD Position Statement that BMD Z-scores > -2 do not preclude the possibility of skeletal fragility and increased fracture risk).
In equivocal cases (Le. no diagnosis despite a comprehensive work-up and the child does not meet 2013 ISCD criteria for a diagnosis of osteoporosis),
monitor until the child returns to age-appropriate physical activities, including the BMD trajectory. Re-evaluate if there are future fractures or unexplained back pain.
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e Table 2 Main conditions associated to secondary osteoporosis
N’ Secondary ost i . .
pnaary osTeopores El riesgo de fractura es alta en los 2 primeros
Endocrine disord ~ . . . .

R afios del diagndstico y la presencia al dg es
ypercortisolism

Hyperthyroidism predictiva de futuras fracturas

Hypogonadism (e.g. hypopituitarism, Turner syndrome, Klinefelter

syndrome)
Gastro-intestinal disorders
Inflammatory bowel disease

Malabsorption syndromes (e.g. cholestatic liver failure, celiac

disease, cystic fibrosis) El 45% de ninos con fracturas vertebrales son

Short bowel syndrome 0 7.
Cytokine-induced osteoporosis asintomaticos

Leukemia
Juvenile idiopathic arthritis
Systemic lupus erythematosus
Medications
Anticonvulsants
Chemotherapy
Glucocorticoids
Immobility-induced osteoporosis
Duchenne muscular dystrophy L/
Cerebral palsy




o

IANA DE
DE

RESO INTERNACIONAL DE

EDIATRIA \/

V@t*b‘ymtézilvinb.:;__:

' Paso 3. evaluar el potencial de recuperacion espontanea N
En nifos con
leucemia, DMO se
restituye en anos
posteriores de la
quimioterapia

Evaluate the child’s potential for /
spontaneous recovery from bone fragilityJ\

TR0 La radiacion cranial
v v A —'——[/ espinal predice la

Permanent risk factors Variable risk factors Transient risk factors fa Ita d e restitucion

Sghemanpech e panak e wi dosis mayores de 24
chronic GC therapy immobilization Gy' (déflClt d e GH)
: to determine whether the child has the potential for deficiencia de i
., medication-unassisted recovery.” This is important vitamina D,
nipogonadismo, o
t ] ‘ reducida actividad

@ | \_ fisica //
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Paso 4. Si el paciente se estima que tiene una limitada capacidad de

recuperacion (preparar para terapia con bifosfonato 1V)

" 4 N

Limited potential Significant potential
for spontaneous for spontaneous
recovery recovery

v \ 4

Treat with Monitor until resolution
bisphosphonate therapy of risk factors and
after ensuring demonstrated
“fitness” for treatment recovery

FIGURE 9

Dieta Adecuada

Adecuada ingesta de calcio y
vitamina D

Eufosfatemia y Eucalcemia
Niveles de 250Hvitamina D por lo
menos en 20ng/ml

Adecuada funcidn renal
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weuLeseez02PeE  paso 5. inicio de terapia con bifosfonato, seguido de titulacion
e seglin DMO z-score

Pamidronato (dosis maxima de 9mg/kg/afio por

Step #5
niflos mayores de 3 afios (3mg/kg en 3 dias) cada

4 meses, (2, 25 entre 2 a 3 afios) y 1.5mg en _ .
For patients requiring

menores de 2 afios bisphosphonate therapy

Acido zoledroénico (dosis maxima 0.1mg/kg/afio,

0.05mg/kg cada 6 meses en mayores de 2 afios y

0.025mg en menores de 2 anos Start at osteoporosis stabilization doses.
Titrate dosing to achieve normal BMD Z-

score trajectories for age, sex and height

plus
acceptable
“functional skeletal outcomes”

(for dose titration and treatment discontinuation
parameters, see Figure 11) \./

FIGURE 10 \J

id should be treated with bisphosphonat
therap d i cialized centers by




Combatir la patologia primaria o
suspender el tratamiento causante
de osteoporosis, opciones en muchos
casos imposibles de plantear.

e Si existiera déficit de calcio y/o de
vitamina D, su adecuada correccion ha
demostrado mejoria de la DMO.

Asegurarse la adecuada ingesta de
calcio y vitamina D.

Habiéndose optimizado los aportes
de calcioy los niveles de vitamina D,
la terapia con bifosfonatos sdlo
parece planteable cuando existen

fracturas o persistencia de clinica
dependientes de |la osteoporosis.
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Terapia con bifosfonatos

* Inhibe la accion de osteoclastos
* VVia oral pobre absorcion gastrointestinal
e Zoledronato (100 veces mas potente)
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Effectiveness and safety of bisphosphonates therapy in
\ secondary osteoporosis in children™ "
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Introduction: There are few studies on effectiveness and safety of bisphosphonate therapy in
secondary osteoporosis in children. The aim of this research was to analyse effectiveness and
safety of bisphosphonates in secondary osteoporosis in children.

Patients and methods: Multicentre retrospective study in patients younger than 18 suffer-
ing from secondary osteoporosis and who have received bisphosphonates. Clinical data were
recorded. Bone mineral density (BMD) was assessed in terms of BMD Z-score in lumbar spine
(ZBMDls) measured by dual-energy X-ray absorptiometry (DXA). Effectiveness was valued at
changes in ZBMDls one and two years after the onset of bisphosphonates and at the decrese
in the number of fractures a year. Adverse events reported were recorded. Descriptive and
bivariant analysis was performed.

Results: 32 patients were recruited. ZBMDls increased one year after the onset of treatment
((—2.46 £ 0.96) vs. (—1.54 + 1.38); p<.001). Fractures a year dicreased significantly (1 (1-2) vs.
0 (0-0.61); p = .001). ZEMDIs increase was higher in patients who were able to walk (1.88 £ 0.72

Clinical characteristics (N = 32)

Aetiology of secondary osteoporosis, n (%)
Neurologic
Haematological
Other
Ability to stand, n (%)
Ability to walk, n (%)
Pre-treatment fractures, median (IQR)
Presence of vertebral fractures (yes), n (%)
Pre-treatment L5-BMDz®, mean + 5D
Age at first fracture (vears), mean £ SD

Treatments received (N = 32)

19 (59.4%)

6 (18.8%)

7 (21.9%)

20 (62.5%)
14 (43.8%)
1(1-2)

12 (38.7%)
-2.46 + 0.96
8.9+£3.5

Systemic glucocorticoids, n (%)
Anticonvulsants, n (%)
Vitamin D; supplements, n (%)
Physical therapy, n (%)

8 (25%)

11 (34.4%)
23 (71.9%)
20 (62.5%)

Characteristics of bisphosphonate treatment (N = 32)

Route of administration (IV), n (%)

Type of bisphosphonate, n (%)
Pamidronate
Aledronate
Zoledronate
Risedronate

Duration of treatment (months), median
(IQR)

Treatment discontinuation, n (%)

Reason for treatment discontinuation, n (%)
LS-BMDz® > -2 and absence of fractures
for a year
Absence of fractures
Death®
Other

Adverse events, n (%)

Flu-like illness
Asymptomatic hypocalcaemia

25 (78.1%)

8 (25%)

5 (15.6%)

17 (53.1%)

2 (6.3%)
21.5 (14-24)

21 (65.6%)
13 (40.6%)

3 (9.4%)
2 (6.3%)

3 (9.4%) »

6 (18.9%)
4 (12.5%)
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Lumbar spine BMD z-score
/ %* \
At treatment initiation | At 1 year At 2 years (n =15)

-2.46 £ 0.96 -1.54 +1.38 -1.19%0.5

A 4

*P<.05

Pocos estudios que aseguren su eficicacia
y efectividad

Number of fractures/year

Before After treatment
treatment initiation
initiation
1 (1_2) 0 (0-0.61)
\ */
*P< .05

Figure 2 Changes in the number of fractures per year.
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ACTA PADIATRICA WB  WB PN FN LS LS
ORIGINAL ARTICLE WILEY Patient  before  after before  after before  after
1 -0.6 +0.6 -3.5 +0.3 +1.2 +2.1
- 2 -2.8 =22 -3.0 =2.6 MNA MNA —
H . . . 3 -0.3 +0.2 -1.2 -0.3 -0.1 +1.0
Bisphosphonate treatment for skeletal complications in . e
~ paediatric cancer—Experience from a single tertiary centre 5 NA 19 24 20 -10  -08
] MA =-3.6 MNA -3.2 MA =25
7 MA -0.9 -1.4 +1.1 -1.0 +1.6
Pauliina Utriainen?® | Jalmari E. E. Sttanbf.-rg2 | Kim K. Vettenranta®! | Outi M. Makitie®? 8 NA NA  NA 26 NA -3.2
9 MNA -0.7 -1.2 -1.0 -1.3 =-1.7
10 -0.3 +0.7 -0.3 +1.1 -1.0 +0.4
The mean lumbar spine BMD Z-score was -1.17 before and -0.07 e
after the bisphosphonate treatment (n=20, p<0.001), while T
=L, +U.. =L =L =L =L,
those for femoral neck were -1.75 and -0.37, respectively (n= 19, 15 27 22 -8 24 407 401
16 NM =19 NM -2.8 =31 -2.3
p= {]DEE] 17 NM NM 27 NM -1.2 NM
18 MM WM NM WM WM WM
19 NM +0.1 -4.2 +1.0 =4.4 -0.4
20 NM +1.9 +2.4 +3.1 +2.3 +3.4
21 -1.0 0.6 -11 +1.2 -2.3 +0.3
22 -1.3 +0.3 -0.7 +0.7 -0.8 +0.7
weeks (hypercalcaemia) to 5Syears (severe osteoporosis). Mild, non-symptomatic 23 43 -08 -5  -07 -15  -05
24 MA -1.6 -2.2 =21 =29 -1.5
hypophosphatemia (n=28), hypocalcaemia (n=46) and moderate, transient pain (h=6) 25 14 12 49 09 22  -15

Note: Age- and sex matched Z-scores are shown for BMD

were the most common adverse effects. No severe side effects were observed even easurements at the WE. FN and LS measured at the onset and at the

end of BP treatment.

when bisphosphonates were administered concomitantly with chemotherapy. Bone Abbreviations: FN, femoral neck; LS, lumbar spine; WE, whole body. J
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The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 108, No. 12

[ 274 Children with consent ]

—n—[ 0 Not assessed for eligibility :l

[ 274 Assessed for eligibility ]

| 240 Excluded
163 Did not meet fracture criteria
30 Did not meet bone mineral density criteria
3 Had vitamin D deficiency
44 Other reasons

34 Randomized

16 Randomized to receive placebo
16 Received placebo as randomized

|

18 Received zoledronic acid as randomized

!

l 18 Children on zoledronic acid were induded in

I 18 Randomized to receive zoledronic acid

16 Children on placebo were included in
the safety analysis

!

the safety analysis [
l 16 Children on placebo completed the six-month visit

|

17 Children on zoledronic acid completed the six-month visit
1 Withdrew due to a low-trauma clavicle fracture and
wanted to receive zoledronic acid

|

17 Children on zoledronic acid were included in the 16 Children on placebo were included in the
modified-intention-to-treat analysis of the primary outcome modified-intention-to-treat analysis of the primary outcome

' b

15 Children on zoledronic acid completed the 12-month visit
1 Withdrew due to interference of the trial with
school commitments
1 Withdrew due to participation in another trial

!

15 Children on placebo completed the 12-month visit
1 Withdrew due to new, painful vertebral fractures.

OXFORD
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Figure 2. A to E, Changes in bone mass and density from baseline to month 12 in children on zoledronic acid (gray circles) vs placebo (black tri-
angles). N = 17 zoledronic acid, N = 16 placebo. BMD, bene mineral density. Results are expressed as the least squares mean and SE. Differences in

the changes are reported, along with their 95% CI.
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Assessment, n (%) Zoledronic acid (n=18) Placebo (n = 18)

AEs 15 (83)
Related AE 9 (50)
Serious AE 5(28)
Serious related AE 1(6) 0(0)
AE of mmterest
AE within first 10 d of first dose 2(67) 4 (15)
AE within first 10 d of second dose 1(6) 1 (&)
Arthralgia/Myalgia/Bone Pain 6 (33) 2(13)
Fever 4(22) 1 (&)
Hypocalcemia 2(11) 0 ()
AEs with at least 10% in either group by preferred term
Cardiac disorders 3(17)
Tachycardia
Endocrine disorders 3(17)
Adrenal insufficiency 3(17)
Gastrointestinal disorders 9 (50)
Vomiting 4 (22)
MNausea 3(17)
Abdominal discomfort 2(11)
Crohn disease 2(11)
Diarrhea 2(11)
General disorders 7(39)
Pain 3(17)
Acute-phase reaction 2(11)
Fatigue 1(6)
Infecrious illnesses 4(22)
Upper respiratory tract infection 2(11)
Herpes zoster 0
Nutrnition disorders 2(11)
Nervous system disorders 4(22)

Headache 4(22)

A patient with multiple oceurrences of an AE for the same preferred term or system organ class was counted only once in each speafic category.
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= Conclusiones

* La vitamina D (es una hormona) no se repone siempre, pero es
importante pensar en los pacientes de riesgo para realizar mediciones y
sustituciones si la requieren en pro de cuidar la salud 6sea

* La osteoporosis en pediatria debe ser manejada a partir de los factores de
riesgo: nutricion, inmovilizacion, uso de medicamentos que puedan
desmineralizar los huesos, realizar tratamientos sustitutivos tempranos si
hay deficiencia de calcio o vitamina D y el uso de bifosfonatos en caso de
importante alteracion en la densitometria asociado a clinica de fracturas

sobre todo vertebrales.
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