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Prevalencia del déficit de vitamina D en pacientes con factores
de riesgo: estudio observacional, multicéntrico y transversal
(proyecto PREVIFAC)

Carmen Valdés Llorca
Centro de Salud Fuencarral. Madrid

Resumen
Introduccion: el déficit de vitamina D puede ser la causa o el factor predisponente en muchas enfermedades.
Objetivo: determinar la prevalencia del déficit de vitamina D en pacientes con presencia de factores de riesgo.

Material y métodos: estudio observacional multicéntrico y transversal, en el que investigadores de todo el territorio
nacional seleccionaron a los 3 primeros pacientes con factores de riesgo de déficit de vitamina D durante 3 dias conse-
cutivos. En la consulta se realizaba el test de autodiagndstico Vitamin D Test® (PRIMA Home Test) para clasificar el nivel

] non:

de vitamina D en "excesivo”, “suficiente”, “insuficiente” y “deficiente”.

Resultados: un total de 261 investigadores seleccionaron a 771 pacientes (76,3 % mujeres) con una edad media de
62,0 + 15,6 afos y un indice de masa corporal (IMC) de 27,7 + 5,3 kg/m?. El 70,8 % de los pacientes presentaban
unos niveles de vitamina D clasificados como “insuficientes” o “deficientes”. Los factores de riesgo significativos en
el analisis bivariante incluian: aporte alimentario insuficiente, escasa exposicion a la luz solar, osteoporosis, obesidad,
insuficiencia renal cronica e hiperparatiroidismo. En el analisis multivariante, los factores de riesgo independientes fueron

ga:cabra(\is clave: la osteomalacia (odds ratio [OR] 4,12), la escasa exposicion solar (OR 2,49), la osteoporosis (OR 1,97) y la obesidad
éficit de
vitamina D. Factores (lMC > 30 kg/mz) (OR 1'65)'

de riesgo. Obesidad.  Conclusiones: se ha detectado una alta prevalencia del déficit de vitamina D (71 %) mediante un test de cribado, asi

Osteoporosis. . sy . . . .
Prevalencia. como la osteomalacia, la escasa exposicion a la luz solar, la osteoporosis y la obesidad como factores asociados a niveles

Exposicion solar. deficientes-insuficientes de vitamina D.
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INTRODUCCION

La vitamina D es una vitamina liposoluble esencial
para la homeostasis del calcio y la mineralizacién ésea;
el aporte dietético y especialmente la sintesis cutanea
por la luz solar son las principales fuentes de colecal-
ciferol (vitamina D,) (1-4). La medicién de la concen-
tracion plasmatica de 25-hidroxivitamina D, abrevia-
da 25(0OH)D, es el método estandar para determinar
el estado corporal de la vitamina D, aunque existen
ciertas discrepancias respecto a los niveles minimos
de normalidad establecidos para la poblaciéon general
(>20030-50ng/ml) (5-7), asicomo paraloscriteriosde hi-
povitaminosis (20-30 ng/ml), insuficiencia (10-20 ng/ml)
y deficiencia (< 10 ng/ml) de dicha vitamina (8).

La relevancia del déficit de vitamina D como factor cau-
sal o asociado a numerosas enfermedades crénicas ha
sido un foco de creciente interés, dado el aumento de su
prevalencia en las Gltimas décadas, que afecta a diferen-
tes grupos de edad e incrementa notablemente la carga
global de las enfermedades a escala mundial (9,10). Los
datos de estudios observacionales indican que aproxi-
madamente un 40 % de la poblacién europea presenta
hipovitaminosis D y un 13 % déficit grave de esta vita-
mina (11). En Espaia, 4 de cada 10 habitantes menores
de 65 afios, y 8 de cada 10 personas mayores de 65 afios
presentan insuficiencia o deficiencia de vitamina D (12).
Ademas de la importancia critica de la vitamina D en el
metabolismo del calcio y la salud musculoesquelética, es
un nutriente esencial para la regulacion del crecimiento
celular, el sistema cardiovascular y la inmunomodulacion
innata o adquirida, y se ha identificado el receptor nu-
clear de la vitamina D en casi todas las células del orga-
nismo (13). La falta de vitamina D estimula la secrecién
de la hormona paratiroidea (PTH), incrementa el remo-
delado 6seo, la pérdida de densidad mineral y la cali-
dad 6sea, y aumenta por ello el riesgo de osteoporosis,
la fragilidad 6sea y las fracturas osteoporéticas. En un
metaanalisis de 86 estudios con una muestra poblacio-
nal de mas de 103 millones de personas de edades entre
los 15 y 105 afios, la prevalencia global de osteoporosis
era del 18,3 % y aumentaba al 23,1 % en las mujeres
frente al 11,7 % en los varones (14). La incidencia global
de fracturas osteoporéticas varia entre 500 y 1000 por
100 000 personas-aiio en adultos de mas de 50 afos, au-
menta con la edad y es mas frecuente en las mujeres (15).
Por todo ello, la osteoporosis con déficit de vitamina D
representa un grave problema de salud con importantes
repercusiones en la calidad de vida de los pacientes y en
la carga econdmica de los sistemas sanitarios (16,17).

Los factores de riesgo para el déficit de vitamina D
son numerosos, incluyendo la baja exposicion solar, la
edad avanzada, la piel oscura, el indice de masa corpo-
ral (IMC), la reduccion del aporte dietético o de la ab-
sorcién de la vitamina (por ejemplo, enfermedad celia-
ca), la disminucién de la sintesis enddégena por cirrosis
hepatica, insuficiencia renal o hipoparatiroidismo, y el
aumento del catabolismo hepatico por el uso de al-
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gunos farmacos que afectan a las enzimas hepaticas
del citocromo P450 acelerando la degradacién de la
vitamina D en metabolitos inactivos (18-21).

Si bien los factores de riesgo del déficit de vitamina D
en general han sido ampliamente estudiados, la evi-
dencia del déficit de vitamina D en sujetos con factores
de riesgo es limitada. Por ello, se ha efectuado un es-
tudio basado en datos de la vida real para determinar
la prevalencia del déficit de vitamina D en Espafia en
pacientes que presentan factores de riesgo o asociados
a hipovitaminosis D.

METODOS

DISENO Y PARTICIPANTES

Se disefié un estudio observacional, transversal y multi-
céntrico que incluia todo el territorio espanol (proyecto
PREVIFAC, acronimo de prevalencia del déficit de vita-
mina D en pacientes con factores de riesgo) en el marco
de las consultas médicas de diferentes especialidades,
incluyendo Medicina Familiar y Comunitaria / Atencién
Primaria, Endocrinologia y Nutricién, Medicina Inter-
na / General, Reumatologia y Geriatria, entre otras, que
corresponden a profesionales que en su practica habitual
atendian a pacientes con factores de riesgo para el défi-
cit de vitamina D. El objetivo principal del estudio era de-
terminar la prevalencia del déficit de vitamina D en pa-
cientes que presentaban factores de riesgo. Los objetivos
secundarios eran evaluar las caracteristicas sociodemo-
graficas y clinicas del paciente con déficit de vitamina D,
identificar los factores de riesgo predominantes para la
hipovitaminosis D y analizar la relaciéon entre los factores
de riesgo y la deficiencia de vitamina D.

Los criterios de inclusién de los pacientes eran los si-
guientes: edad mayor de 18 afos y presencia de al me-
nos uno de los siguientes factores de riesgo o asocia-
dos al déficit de vitamina D: raquitismo, osteomalacia,
osteoporosis, enfermedad renal crénica, sindromes de
malabsorcion intestinal, enfermedad celiaca, obesidad
(IMC > 30 kg/m?); baja exposicion solar (menos de 2 mi-
nutos/dia sin proteccién solar), edad avanzada (mas de
65 anos), poblacidon no caucasica, uso de farmacos que
pudieran afectar el nivel de 25(OH)D (anticonvulsi-
vantes, glucocorticoides, antifungicos, colestiramina y
antirretrovirales empleados frente al VIH), hipertiroi-
dismo, enfermedades granulomatosas (tuberculosis,
coccidiomicosis, etc.), ancianos con historia de caidas o
fracturas no traumaticas (al menos dos caidas o fractu-
ras no traumaticas en el Ultimo afo), embarazo y lac-
tancia, asi como firma del consentimiento informado.
Los criterios de exclusién eran pacientes menores de
18 afios de edad, pacientes institucionalizados y aque-
llos que se negaron a firmar el consentimiento.
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MULTICENTRICO Y TRANSVERSAL (PROYECTO PREVIFAC)

El protocolo del estudio fue aprobado por el Comité de
Etica de la Investigacién con Medicamentos del Hospital
Clinico San Carlos (codigo 22/698-E, aprobado el 23 de di-
ciembre de 2022) de Madrid (Espafia). Todos los pacien-
tes firmaron por escrito el consentimiento informado.

PROCEDIMIENTOS DEL ESTUDIO

Se seleccionaron 136 centros médicos para participar
en el estudio, en los que como minimo hubiera un
especialista que ejerciera su actividad profesional en
cada uno de ellos. A fin de asegurar una participacion
representativa a nivel nacional, al menos uno de los
centros debia pertenecer a cada una de las comunida-
des auténomas del pais. La participacion de los médi-
cos era anénima y voluntaria. Cada investigador, tras
dar su consentimiento, reclutaba a 3 pacientes que
cumplian los criterios de inclusién y firmaban el con-
sentimiento informado. A fin de que la seleccion de los
pacientes fuera lo mas aleatoria posible, se establecio
el criterio de incluir al primer paciente elegible que
acudia a la consulta durante 3 dias consecutivos.

Durante la consulta y para cada paciente incluido en el
estudio se recogieron datos sociodemograficos (sexo,
edad, estado civil, convivencia, nivel de estudios, ocupa-
cion); variables clinicas y estilo de vida (datos antropomé-
tricos, habito tabaquico, consumo de alcohol y consumo
de cafeina); y factores de riesgo o factores asociados al
déficit de vitamina D que coincidian con las variables
establecidas en los criterios de inclusién (raquitismo, os-
teomalacia, osteoporosis, etc.). Asimismo, se efectué un
cribado de la deficiencia de la vitamina D utilizando el
kit Vitamin D Test® (PRIMA Home Test, PRIMA Lab, S.A.,
Balerna, Suiza) (https:/primalabsa.ch/en/home/check-up/
vitamin-d-test/). Se trata de un test de autodiagnéstico
rapido y de facil ejecuciéon que precisa una gota de san-
gre por puncion digital. El test es un inmunoensayo basa-
do en el principio de unién competitiva a proteinas que
permite clasificar el nivel de vitamina D en "“excesivo”,
“suficiente”, “insuficiente” y “deficiente”, con un rango
de medicién de 10 a 100 ng/mly una precisién de 94,4 %
(intervalo de confianza [IC] del 95 %: 87,6-97,6 %). Los
valores de vitamina D corresponden a > 100 ng/ml para
“excesivo”, de 30 a 100 ng/ml para “suficiente”, de 10 a
30 ng/ml para “insuficiente” y de 0 a 10 ng/ml para “de-
ficiente” de acuerdo con los datos proporcionados por
el fabricante.

El estudio se desarrollé durante un periodo de 20 me-
ses (mayo de 2023 a diciembre de 2024). El diptico
de presentacién del proyecto PREVIFAC contenia la
URL en la que estaban disponibles los materiales del
estudio y una contrasefia de acceso personalizada.
Ademas de la informacién correspondiente a los pa-
cientes (Tabla suplementaria | - https://www.revista-
deosteoporosisymetabolismomineral.com/files/535/
ADMA1-00100-03.pdf), también se recogian datos de
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los investigadores (edad y sexo, especialidad, afos
de ejercicio, participacion en programas de formacion
o proyectos de investigacion sobre vitamina D).

ANALISIS ESTADISTICO

Con el objetivo de obtener un estimador no sesgado de
la distribucion de los resultados del Vitamin D Test® en la
poblacién cuando la variable de respuesta es discreta, y
asumiendo muestreo aleatorio simple en la zona en estu-
dio, se calculé un tamafo muestral de 822 participantes,
considerando un margen de error del 3 %, para un ni-
vel de confianza del 95 % y con una heterogeneidad del
50 %. Las variables categéricas se expresan en frecuen-
cias y porcentajes, y las variables continuas en medias y
desviaciéon estandar (+ DE) con los IC del 95 %. Se utilizo
la prueba exacta de Fisher para la comparacién de las
variables cualitativas y la prueba de la t de Student o el
analisis de la varianza (ANOVA) de una via para las varia-
bles cuantitativas o las pruebas no paramétricas de la U
de Mann-Whitney o de Kruskal-Wallis en funcion de las
condiciones de aplicacién. En el andlisis bivariado se ana-
lizd la asociacién de cada uno de los factores de riesgo
con el déficit de vitamina D, combinando las categorias
de “insuficiente” y “deficiente”, expresandose los resul-
tados mediante la odds ratio (OR) y los IC del 95 %. Los
factores de riesgo con una p > 0,1 en el andlisis bivariado
se incluyeron en un modelo de regresién logistica para
identificar las variables independientes asociadas con un
déficit de vitamina D. Se acept6 un nivel de significacion
estadistica del 0,05. Todos los calculos se realizaron me-
diante el paquete estadistico SAS (Statistical Analysis Sys-
tems, SAS Institute, Cary, NC, USA) versién 9,4.

RESULTADOS

DATOS DE LOS INVESTIGADORES

En este estudio participaron un total de 261 investi-
gadores de todo el territorio nacional, 179 varones y
82 mujeres, con una edad media de 54,5 + 10,9 afios.
Las principales especialidades con mayor participacion
fueron Medicina Familiar y Comunitaria incluyendo
Atencion Primaria (43,3 %), Medicina General / In-
terna (26,8 %), Endocrinologia y Nutricién (18,4 %),
Reumatologia (6,1 %), Cirugia Ortopédica y Trauma-
tologia (1,1 %) y Obstetricia y Ginecologia (1,1 %).
Respecto a los afios de experiencia en su practica pro-
fesional, el 86,7 % tenian mas de 10 aios, el 8 % entre
5y 10 anosy el 5 % menos de 5 afios. Asimismo, en los
ultimos 12 meses, el 38,7 % de los participantes indicé
que habia participado en algin programa de forma-
cién sobre vitamina D, pero solamente un 5,4 % habia
participado en algun proyecto de investigacién sobre
vitamina D, ademas de este estudio.


https://primalabsa.ch/en/home/check-up/vitamin-d-test/
https://primalabsa.ch/en/home/check-up/vitamin-d-test/
https://www.revistadeosteoporosisymetabolismomineral.com/files/535/ADMA1-00100-03.pdf
https://www.revistadeosteoporosisymetabolismomineral.com/files/535/ADMA1-00100-03.pdf
https://www.revistadeosteoporosisymetabolismomineral.com/files/535/ADMA1-00100-03.pdf
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CARACTERISTICAS DE LOS PACIENTES

Se incluyeron en el estudio un total de 771 pacientes
(76,3 % mujeres) con una edad media de 62,0 + 15,6 afios
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(IC del 95 % 60,9-63,1) y un IMC de 27,7 + 5,3 kg/m?. Los
principales datos sociodemograficos, clinicos y de esti-
lo de vida se describen en la tabla I. La mayoria de los
pacientes estaban casados o en pareja (62,0 %), vivian

Variables Numero (%)
Sexo
Varon 183 (23,7)
Mujer 588 (76,3)

Edad, afios, media x DE (IC del 95 %)

62,0 = 15,6 (60,9-63,1)

Estado civil

Casado / en pareja 478 (62,0)
Viudo 148 (19,2)
Soltero 91 (11,8)
Separado / divorciado 54 (7,0)
Convivencia
Con pareja o familia propia 532 (69,0)
Solo /sola 175 (22,7)
Con familia de origen 64 (8,3)
Nivel de estudios
Estudios primarios, EGB o similar finalizados 190 (24,6)
Estudios secundarios, BUP, FP grado medio 129 (16,7)
FP grado superior/bachillerato finalizado o COU 130 (16,9)
Estudios universitarios finalizados 284 (36,8)
Sin estudios 38 (4,9)
Ocupacion
Incapacidad laboral 9(1,2)
Baja laboral 13(1,7)
Parado, sin incapacidad laboral 28 (3,6)
En activo / estudiante / ama de casa 367 (47,6)
Jubilado 354 (45,9)

indice de masa corporal (ICM), kg/m?, media = DE (IC del 95 %)

27,7 5,3 (27,3-28,1)

Habito tabaquico

Fumador 94 (12,2)
¢Cuantos anos tenia cuando empezé a fumar?, media + DE (IC del 95 %) 20,2 £ 7,6 (18,6-21,7)
Exfumador 160 (20,7)

¢Cuantos afnos hace que dejé de fumar?, media + DE (IC del 95 %)

15,0 = 19,3 (13,4-16,6)

¢Durante cuantos anos fumdé?, media + DE (IC del 95 %)

23,2 + 11,7 (21,4-25,0)

No fumador 517 (67,1)
Consumo de alcohol a diario

No 671 (87,0)

Si 100 (13,0)

¢Cuantas unidades (UBE) consume?, media + DE (IC del 95 %)

2,4+1,6(2,1-2,7)

Consumo de cafeina a diario

No

279 (36,2)

Si

492 (63,8)

Tazas de café, media + DE (IC del 95 %)

2,2+1,1(2,1-2,3)

Vasos de bebidas que contienen cafeina, media + DE (IC del 95 %)

0,7 + 1,2 (0,6-0,8)

Suma de ambos, media + DE (IC del 95 %)

2,9+ 1,7 (2,7-3,0)

a menos que se indique otra expresion.

DE: desviacién estandar; IC: intervalo de confianza; EGB: ensefianza general basica; BUP: bachillerato unificado polivalente; FP: formacion profesional;
COU: curso de orientacion universitaria; UBE: unidad de bebida estandar equivale a 10 g de alcohol. Datos expresados como frecuencias y porcentajes
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con pareja o familia propia (69,0 %), habian finalizado
estudios universitarios (36,8 %), laboralmente estaban
en activo (47,6 %) o estaban jubilados (45,9 %), eran no
fumadores (67,1 %) y no consumian alcohol diariamente
(87,0 %). Un 12,2 % de los participantes eran fumadores
activos y un 20,7 % exfumadores. Los fumadores habian
empezado a fumar a la edad de 20,2 + 7,6 afios y los
exfumadores hacia 15,0 + 19,3 afios que habian dejado
de fumar. En el 13,0 % de los pacientes que consumian
bebidas alcohdlicas a diario, la media de unidades de
bebida estandar (UBE) era de 2,4 + 1,6. Finalmente, la
mayoria de los pacientes (63,8 %) consumian cafeina a
diario con una media de tazas de café y bebidas con ca-
feinade 2,9+ 1,7.

CRIBADO DEL DEFICIT DE VITAMINA D
Y FACTORES DE RIESGO

De acuerdo con los resultados del Vitamin D Test®, el
70,8 % de los pacientes presentaban unos niveles de
vitamina D que correspondian a las categorias de “in-
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suficiente” o “deficiente” y solamente un 28,5 % tenia
niveles “suficiente” (Fig. 1).

La distribucion de los factores de riesgo de déficit de vita-
mina D en la poblacion de estudio se muestran en la ta-
bla Il. Los factores mas frecuentes fueron la escasa expo-
sicion a la luz solar (66,5 %), edad avanzada (> 65 afios)
(50,8 %), uso de cremas con filtro (factor de proteccién
> 8) (49,7 %), osteoporosis (42,0 %), obesidad (IMC
> 30 kg/m?) (34,0 %), aporte alimentario insuficiente en
términos generales (22,1 %), insuficiencia renal crénica
(14,4 %), historia de caidas o fracturas no traumaticas en
el anciano (14,1 %) y tratamiento con glucocorticoides
(10,5 %). En el analisis bivariado, los factores de riesgo
gue mostraron una asociacion estadisticamente signifi-
cativa con el déficit de vitamina D fueron la presencia
de hiperparatiroidismo (OR 3,13), escasa exposicion a
la luz solar (OR 2,43), aporte alimentario insuficiente
(OR 1,89), osteoporosis (OR 1,81), insuficiencia renal cro-
nica (OR 1,78) y obesidad (OR 1,52) (Tabla lll). En el ana-
lisis multivariado, los factores de riesgo independientes
del déficit de vitamina D eran la osteomalacia (OR 4,12),
la escasa exposicion a la luz solar (OR 2,49), la osteoporo-
sis (OR 1,97) y la obesidad (OR 1,65) (Tabla IV).
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s
0,6% (n =5)
)
Defici Insufici Suficiente Excesivo
- 0-10 ng/mL 10-30 ng/mL 30-100 ng/mL >100 ng/mlL i
Niveles de vitamina D Figura 1. Distribucic’)r] de !os pacientes en funcién
de los resultados del Vitamin D Test® (PRIMA Home Test).
Tabla Il
Factor de riesgo Numero (%)
Escasa exposicion a la luz solar (menos de unos minutos al dia sin proteccién) (n = 770) 512 (66,5)
Edad avanzada (> 65 anos) (n = 770) 391 (50,8)
Uso de cremas con filtro de radiaciones ultravioletas (factor de proteccion > 8) (n = 726) 361 (49,7)
Osteoporosis (n = 742) 312 (42,0)
Obesidad (IMC > 30 kg/m?) (n = 768) 261 (34,0)
Alimentacién insuficiente (n = 728) 161 (22,1)
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Factor de riesgo Numero (%)

Insuficiencia renal crénica (n = 765) 110 (14,4)
Anciano con historia de caidas o fracturas no traumaticas (al menos 2 caidas o fracturas no traumaticas

en el Ultimo afio) (n = 767) 108 (14,1)
Tratamiento con glucocorticoides (n = 764) 80 (10,5)
Enfermedades intestinales y cirugia digestiva (n = 764) 72 (9,4)
Poblacién no caucasica (n = 763) 63 (8,3)
Hipertiroidismo (n = 765) 50 (6,5)
Embarazo y lactancia (n = 765) 43 (5,6)
Hiperparatiroidismo (n = 760) 41(5,4)
Colestasis cronica y cirrosis biliar primaria (n = 763) 40 (5,2 %)
Osteomalacia (n = 757) 36 (4,8)
Sindrome nefrético (n = 765) 23 (3,0)
Hipoparatiroidismo (n = 759) 22 (2,9)
Tratamiento con anticonvulsivantes (n = 762) 21(2,8)
Hepatopatia crénica grave / cirrosis hepatica (n = 766) 20 (2,6)
Cirrosis biliar primaria (n = 763) 18 (2,4)
Tratamiento con antifungicos (n = 761) 16 (2,1)
Tratamiento con colestiramina (n = 763) 15 (2,0)
Insuficiencia pancreatica (p.ej., fibrosis quistica) (n = 763) 14 (1,8)
Tratamiento con antirretrovirales para el VIH (n = 764) 12 (1,6)
Pseudohiperparatiroidismo (n = 760) 12 (1,6)
Raquitismo (n = 762) 12 (1,6)
Enfermedad de Paget 6sea (n = 764) 12 (1,6)
Tratamiento con tuberculostaticos (n = 765) 11 (1,4)
Enfermedades granulomatosas crénicas (n = 766) 11 (1,4)

IMC: indice de masa corporal; VIH: virus de la inmunodeficiencia humana. Nimero de pacientes para cada factor de riesgo entre paréntesis.

Tabla Ill.

Categorias “deficiente-insuficiente”
. (Vitamin D Test®)
Factores de riesgo :
Odds ratio Valor de la
(IC del 95 %) P
Hiperparatiroidismo (si vs. no) 3,13 (1,21-8,09) < 0,05
Escasa exposicion a la luz solar (menos de unos minutos al dia sin proteccion) (si vs. no) 2,43 (1,76-3,35) < 0,05
Aporte alimentario insuficiente (si vs. no) 1,89 (1,24-2,88) < 0,05
Osteoporosis (si vs. no) 1,81 (1,30-2,53) < 0,05
Insuficiencia renal crénica (si vs. no) 1,78 (1,09-2,93) < 0,05
Obesidad (IMC > 30 kg/m?) (si vs. no) 1,52 (1,08-2,14) < 0,05
IC: intervalo de confianza; IMC: indice de masa corporal.
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Tabla IV.

Factor de riesgo

x? Wald
test 0dds ratio Valor
(grados (IC del 95) delap
de libertad)

Osteomalacia (si vs. no)

5,05 (1) 4,12 (1,20-14,18) | 0,0246

Escasa exposicion a la luz solar (menos de unos minutos al dia sin proteccion) (si vs. no)

26,37 (1) 2,49 (1,76-3,52) | <0,001

Osteoporosis (si vs. no)

13,38 (1) 1,97 (1,37-2,82) | 0,0003

Obesidad (IMC > 30 kg/m?) (si vs. no)

6,60 (1) 1,65 (1,13-2,42) 0,010

IC: intervalo de confianza; IMC: indice de masa corporal. Test de Hosmer-Lemeshow, p = 0,8429 para el ajuste global del modelo. Se ha analizado la relacion
entre los factores del modelo final y no se ha detectado ninguna relacion estadisticamente significativa entre ellos.

DISCUSION

Los resultados de este estudio evidencian que el 71 %
de la muestra de poblacion espafiola con factores de
riesgo presenta déficit de vitamina D. Los factores de
riesgo o factores asociados al déficit de vitamina D con
significacion estadistica eran la escasa exposicién a la
luz solar, la osteoporosis, la osteomalacia, el aporte
dietético insuficiente de vitamina D, la obesidad, la
insuficiencia renal crénica y el hiperparatiroidismo. Es-
tos hallazgos coinciden con los datos de otros estudios
que han evaluado el déficit de vitamina D en poblacio-
nes con factores de riesgo especificos.

La escasa exposicion a la luz solar, definida como me-
nos de unos minutos al dia sin proteccién, era un factor
de riesgo en el 66,5 % de los pacientes, y destaca como
uno de los factores de riesgo predominantes. Asimis-
mo, la presencia de este factor incrementaba 2,49 ve-
ces las probabilidades del déficit de la vitamina D. En la
mayoria de las personas, la produccién de vitamina D
por exposicion a la radiacion ultravioleta B (UVB) del
sol representa mas del 80 % del total de vitamina D.
Ademas de la duracién de la exposicion solar, el color
de la piel, la localizacién geografica, la estacion del
afno y la latitud y altitud impactan notablemente en
la sintesis cutanea de vitamina D (22-24). Por otra par-
te, la vitamina D podria intervenir en el posible efecto
preventivo de la exposicion a la luz solar para algunos
tipos de cancer (préstata, mama, colorrectal) (25). Para
la poblacion general caucasica, se recomienda una ex-
posicion solar diaria de aproximadamente 15 minutos
en cara y brazos entre los meses de marzo y octubre,
con factor de proteccion entre 15y 30, segun la latitud
y la intensidad de la radiacion (26).

Respecto a algunas enfermedades determinadas, la
osteomalacia y la osteoporosis han demostrado una
fuerte asociacion con el déficit de vitamina D, espe-
cialmente la osteomalacia (OR 4,12), lo que coincide
la evidencia sélida de la relaciéon entre los niveles de
25(0OH)D y la mineralizacién ésea (27-32). El confina-
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miento debido a la edad, a habitos culturales o al cli-
ma, o la hiperpigmentacion cutanea son factores que
se han relacionado con una sintesis cutanea insuficien-
te y con el desarrollo de osteomalacia. En un estudio
de inmigrantes asiaticos residentes en Inglaterra se ha
descrito una prevalencia de osteomalacia del 13,5 %,
que se ha relacionado con la dieta vegetariana estricta
y el uso de indumentarias que cubren la mayor parte
del cuerpo, especialmente en las mujeres (31). La de-
plecién de vitamina D es muy frecuente en la enfer-
medad celiaca y algunas series confirman el desarrollo
de osteomalacia hasta en el 50 % de estos pacientes
(32). Por otra parte, las hepatopatias crénicas graves,
la insuficiencia renal crénica, el aumento del catabo-
lismo de la vitamina D o la disminucion de la reabsor-
cién tubular de fosfatos se han descrito como causas
de osteomalacia (33). En pacientes con osteomalacia
es necesario determinar los niveles de vitamina D y es-
tablecer el tratamiento adecuado.

La osteoporosis estaba presente en un 42 % de los pa-
cientes. La osteoporosis, la fragilidad 6sea y las frac-
turas osteoporéticas representan un problema de sa-
lud de gran magnitud a escala mundial, no solo por la
complejidad multifactorial de esta patologia, con un
aumento del riesgo de muerte y discapacidad e impac-
to en el coste sanitario, sino por la frecuencia del in-
fradiagnéstico y el infratratamiento. De hecho, hasta
el 75 % de las mujeres y el 90 % de los varones con
alta probabilidad de sufrir osteoporosis no se someten
a ninguna prueba para establecer al diagnéstico y mas
del 75 % de los pacientes con osteoporosis no reciben
un tratamiento adecuado, a pesar de las recomenda-
cionesy la evidencia de la notable eficacia y seguridad
del uso de bisfosfonatos y otros tratamientos farmaco-
l6gicos en monoterapia o combinados con vitamina D
(35-37). En nuestro pais, segun el ultimo estudio de
la Sociedad Espafiola de Reumatologia (SER) sobre la
epidemiologia de la osteoporosis en la poblacién espa-
fola realizado en 1522 sujetos —proyecto OsteoSER—,
el 54,4 % de las personas mayores de 50 afios presen-
taron disminucion de la densidad mineral 6sea (DMO)
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y un 10,7 % osteoporosis, que era mas frecuente en
las mujeres (18,6 %) que en los varones (2,6 %) (38).
En las mujeres mayores de 65 afios que constituyen el
grupo con mayor riesgo de fractura, el 24,9 % tenia os-
teoporosis. Segun datos actualizados a 1 de enero de
2023 del Instituto Nacional de Estadistica, la cifra abso-
luta ascenderia a 1300 021 mujeres espafolas con alto
riesgo de fractura, lo que refuerza la importancia de
adquirir habitos saludables para prevenir la osteoporo-
sis, como la practica de ejercicio fisico, incorporar una
dieta mediterranea que incluya un consumo adecuado
de calcio y vitamina D, asi como evitar el tabaquismo
y el consumo excesivo de alcohol, entre otros factores
(39). En un estudio reciente basado en la metodologia
Delphi sobre el manejo de la osteoporosis en Atencion
Primaria, los panelistas coincidieron en la necesidad
de identificar adecuadamente a los pacientes segun
su riesgo de fractura y también se hizo hincapié en la
importancia del ejercicio y la nutricion (40).

La obesidad (IMC > 30 kg/m?) estaba presente en un
34 % de los pacientes y era un factor de riesgo inde-
pendiente asociado estadisticamente con el déficit
de vitamina D. Los mecanismos fisiopatolégicos sub-
yacentes en la asociacion de la hipovitaminosis D con
la obesidad incluyen el secuestro en el tejido adiposo,
diluciéon volumétrica, alteraciones en la hidroxilacion
hepatica y renal, y la exposicion limitada a la luz so-
lar (41,42). Ademas, la hipovitaminosis D en pacientes
obesos es un factor de riesgo para desarrollar diabetes
de tipo 2 y resistencia a la insulina (43). Sin embargo, la
pérdida de peso tiene escasa influencia en la mejoria
de los niveles de vitamina D (42). El riesgo aumentado
de déficit de vitamina D también se ha descrito en po-
blaciones pediatricas y adolescentes con obesidad (44).

Los especialistas que reclutaron a los participantes es-
taban distribuidos en todo el territorio nacional, ma-
yoritariamente ejercian en el ambito de la Atencién
Primaria y tenian mas de 10 afios de experiencia pro-
fesional, pero su participacion en programas de for-
macion sobre vitamina D, especialmente en proyectos
de investigacion sobre el tema, era limitada. Por otra
parte, cabria insistir en la necesidad de extender el
cribado sistematico de las concentraciones plasmati-
cas de 25(0OH)D en pacientes con sintomas o signos de
deficiencia, en sujetos con factores de riesgo y en pre-
sencia de alteraciones analiticas y/o radiograficas que
sugieran un déficit de vitamina D. Aunque el déficit de
vitamina D tiene una alta prevalencia, la determina-
Cién universal de la 25(OH)D no es costo-efectiva y el
cribado poblacional no estd recomendado (45).

El Vitamin D Test® (PRIMA Home Test) es un ensayo
inmunocromatografico sencillo y claro, capaz de de-
tectar los niveles de 25(OH)D en una muestra de san-
gre y resaltar su concentraciéon gracias a la intensidad
de la linea de prueba (T) obtenida. El resultado, visi-
ble a los 10 minutos, permite determinar si los niveles
son suficientes, deficientes, insuficientes o excesivos,
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lo que es de interés como herramienta de cribado de
la deficiencia de vitamina D. Asimismo, el fabricante
del Vitamin D Test® (PRIMA Home Test) no proporcio-
na desgloses de sensibilidad, especificidad o curvas
de concordancia frente a LC MS/MS o inmunoensayo,
por lo que no se puede atribuir ninguna equivalen-
cia clinica entre el test rapido y los métodos analiticos
estandar. Por consiguiente, frente al resultado ana-
litico orientativo del Vitamin D Test® seria necesario
confirmar los valores obtenidos mediante un método
analitico secundario de mayor precision. Ademas, el
propio test utiliza un punto de corte fijo de 30 ng/ml,
con un margen de variabilidad estimado de + 4 ng/
ml, lo que puede influir en la clasificacion de algunos
participantes, especialmente aquellos con concentra-
ciones proximas al umbral. Como ocurre con cualquier
prueba diagnéstica, la interpretacién de los resultados
debe integrarse con el resto de la informacién clini-
ca disponible. Por ello, en casos en los que los valores
sean dudosos o se consideren no concordantes con el
contexto clinico, se recomienda realizar determinacio-
nes adicionales mediante métodos estandarizados.

Los resultados del presente estudio deben interpretar-
se teniendo en cuenta sus limitaciones, incluyendo el
disefio transversal, la seleccion no aleatorizada de los
pacientes y el uso de un test semicuantitativo que no
es equivalente al método estandar de la determinacion
de los niveles de 25(0OH)D. Tanto el método de seleccion
(3 pacientes consecutivos en 3 dias), no libre de sesgo,
como el uso de Vitamin D Test® han facilitado la logistica
del estudio con el propdsito de obtener una aproxima-
cion a la deteccion del déficit de vitamina D mediante
una prueba de cribado y factores de riesgo en condicio-
nes de vida real. Finalmente, el estudio se llevé a cabo
entre mayo de 2023 y diciembre de 2024, pero los datos
referentes a las regiones y latitudes correspondientes a
la poblacién de estudio no se han recogido. Por otra par-
te, los datos no se han ajustado por edad y sexo.

CONCLUSIONES

Como conclusiones cabe destacar la alta prevalencia del
déficit de vitamina D (71 %) detectada en la poblacion
espafnola estudiada mediante un test de cribado, asi
como la identificacion de la osteomalacia, la escasa ex-
posicion a la luz solar, la osteoporosis y la obesidad como
factores de riesgo independientes asociados estadistica-
mente a niveles deficientes-insuficientes de vitamina D.
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Abstract

Background: osteoporosis represents a growing public health concern in Indonesia and contributes substantially to
morbidity through pain, functional decline, and vertebral and nonvertebral fractures. Despite the widespread international
use of the Quality of Life Questionnaire of the European Foundation for Osteoporosis (QUALEFFO-41), a fully validated
Indonesian version has not previously been available. This study aimed to conduct a rigorous cultural adaptation and
psychometric validation of the Indonesian version of the QUALEFFO-41.

Methods: we conducted a cross-sectional study among 204 Indonesian-speaking patients diagnosed with osteoporosis
or osteopenia. Cross-cultural adaptation followed the standardized guidelines proposed by Beaton et al., including for-
ward and backward translation, expert panel review, and cognitive debriefing. Psychometric evaluation included internal
consistency (Cronbach a), test-retest reliability (intraclass correlation coefficient [ICC]), convergent validity (average
variance extracted [AVE] and composite reliability [CR]), and construct validity using confirmatory factor analysis (CFA).

Results: internal consistency was excellent for pain (o = 0.93) and physical function (a = 0.90), acceptable for social
function (a = 0.73), moderate for mental function (a = 0.79), and marginal for general health perception (o = 0.65).
Test-retest reliability demonstrated good to excellent ICC values across domains (0.66-0.87), with an exceptionally high
ICC for the total score (0.999). Convergent validity was satisfactory across all domains (AVE > 0.50; CR > 0.70). CFA
showed perfect model fit for general health perception, marginal fit for activities of daily living and household work,
and poorer fit for pain, mobility, social function, and mental function.

Keywords: Conclusions: the Indonesian QUALEFFO-41 demonstrates robust reliability and satisfactory validity, supporting its

Osteoporosis. use as a culturally relevant instrument for assessing quality of life in Indonesian patients with osteoporosis. Although
Quality of life. several domains showed suboptimal CFA fit, likely reflecting cultural and linguistic influences, the instrument remains
QUALEFFO-41. . . : . .

Reliability. psychometrically sound for clinical practice and research. Further longitudinal and multigroup analyses are recommended
Validation. to refine the factor structure and evaluate responsiveness across diverse Indonesian populations.
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INTRODUCTION

Osteoporosis is a major and growing public health con-
cern in Indonesia. The progressive loss of bone mass
and deterioration of bone microarchitecture charac-
teristic of osteoporosis lead to increased bone fragility
and fracture risk, imposing substantial clinical, social,
and economic burdens. Early Indonesian studies have
reported osteoporosis prevalence rates of 28.8 % in
men and 32.3 % in women (1). In addition, the preva-
lence of vertebral fractures among Indonesian women
has been estimated at approximately 9 % (2). Given
the rapid growth of the aging population and the pro-
jected increase in fracture incidence, with predictions
that half of all osteoporotic hip fractures will occur in
Asia by 2050 (3), the burden of osteoporosis in Indone-
sia is expected to continue increasing.

Within this context, measuring health-related quality
of life (HRQoL) in patients with osteoporosis is criti-
cally important. Conventional clinical parameters such
as bone mineral density (BMD) and fracture counts
capture structural changes but often fail to reflect
the broader impact of osteoporosis on pain, function-
al limitations, social participation, and psychological
well-being. Disease-specific patient-reported outcome
measures (PROMs) therefore play a crucial role in as-
sessing the subjective burden of osteoporosis, evalu-
ating treatment effects, and monitoring longitudinal
changes. However, the use of PROMs in Indonesia has
been constrained by the lack of validated, culturally
adapted instruments. Although generic HRQoL instru-
ments are available, disease-specific, locally validated
measures remain limited in the Indonesian linguistic
and cultural context.

One of the most widely used osteoporosis-specific
PROMs is the Quality of Life Questionnaire of the Eu-
ropean Foundation for Osteoporosis (QUALEFFO-41).
Developed by the European Foundation for Osteo-
porosis (now the International Osteoporosis Foun-
dation), the QUALEFFO-41 consists of 41 items across
five domains: pain, physical function, social function,
general health perception, and mental function (4,5).
The questionnaire has been translated into numer-
ous languages and has demonstrated clinical utility
in populations with vertebral fractures and osteopo-
rosis (6).

A recent systematic review assessing the measurement
properties of the QUALEFFO-41 found that the quality
of evidence supporting structural validity, reliability,
responsiveness, and cross-cultural validity ranged from
very low to moderate (6). Despite the availability of a
Bahasa Indonesia version in certain instrument reposi-
tories, no peer-reviewed publication has documented
a complete psychometric validation of the Indonesian
QUALEFFO-41, including appropriate translation and
adaptation procedures, evaluation of factor structure,
reliability testing, construct validity, measurement er-
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ror, and responsiveness. This methodological gap lim-
its confidence in the use of the QUALEFFO-41 in clini-
cal practice and research in Indonesia.

Therefore, the aim of the present study was to conduct
a comprehensive cultural adaptation and psychomet-
ric validation of the QUALEFFO-41 in Bahasa Indonesia
for use among Indonesian patients with osteoporosis,
with or without vertebral fractures. By adhering to in-
ternationally accepted methodological guidelines for
cross-cultural adaptation (7) and applying rigorous
psychometric evaluation, this study aimed to produce
a validated Indonesian QUALEFFO-41 capable of reli-
ably assessing HRQoL among Indonesian patients with
osteoporosis.

METHODS

STUDY DESIGN

This cross-sectional study was designed to translate, cul-
turally adapt, and psychometrically validate the Indone-
sian version of the Quality of Life Questionnaire of the
European Foundation for Osteoporosis (QUALEFFO-41).
The study followed the cross-cultural adaptation process
recommended by Beaton et al. (2000) and the psycho-
metric evaluation guidelines proposed by Nunnally and
Bernstein (1994) and Hair et al. (2019).

PARTICIPANTS

A total of 204 participants diagnosed with osteoporo-
sis or osteopenia were recruited from outpatient clin-
ics and community health centers in Indonesia. Partic-
ipants were aged 61-77 years and were able to read
and understand Indonesian.

INSTRUMENT

The QUALEFFO-41 is a disease-specific quality-of-life
questionnaire originally developed by the European
Foundation for Osteoporosis to assess health-related
quality of life in patients with vertebral fractures and
osteoporosis. It comprises 41 items grouped into 5 do-
mains:

1. Pain.

2. Physical function.

3. Social function.

4. Mental function.

5. General health perception.

Each item is scored on a 5-point Likert scale, with high-
er scores indicating poorer quality of life.
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CULTURAL ADAPTATION AND VALIDATION OF THE INDONESIAN VERSION OF QUALEFFO-41 IN PATIENTS WITH OSTEOPOROSIS

TRANSLATION AND CROSS-CULTURAL
ADAPTATION

Translation and cultural adaptation of the QUALEFFO-41
into Indonesian were conducted according to the stan-
dard six-step process described by Beaton et al. (7):

1. Forward translation: Two independent bilingual
translators translated the original English version
into Indonesian.

2. Synthesis: The 2 translated versions were com-
pared and synthesized into a single reconciled
version following discussion among the transla-
tors and researchers.

3. Backward translation: Two additional translators
who were blinded to the original instrument
translated the Indonesian version back into En-
glish to assess conceptual equivalence.

4. Expert committee review: A multidisciplinary
committee comprising methodologists, clinicians,
and linguists reviewed all versions to evaluate
semantic, idiomatic, experiential, and conceptual
equivalence and produced a prefinal version.

5. Pretesting: The prefinal version was administered
to patients to evaluate clarity, relevance, and cul-
tural appropriateness through cognitive debrief-
ing interviews.

6. Final version: Minor linguistic adjustments were
made based on the feedback received, and the
final Indonesian version was approved by
the instrument developer, the International Os-
teoporosis Foundation (IOF).

CROSS-CULTURAL ADAPTATION
AND LINGUISTIC VALIDATION

Thecross-culturaladaptation of the QUALEFFO-41 ques-
tionnaire into Indonesian was conducted in accor-
dance with internationally accepted guidelines for
the adaptation of health-related quality-of-life instru-
ments. Two independent bilingual translators whose
native language was Indonesian performed forward
translations of the original English version into In-
donesian. One translator had a medical background,
whereas the other had no clinical background, there-
by ensuring both conceptual and lay-language equiva-
lence. The 2 translated versions were then synthesized
into a single reconciled Indonesian draft following dis-
cussion and consensus among the translators and re-
search team. Subsequently, backward translation was
performed by 2 independent professional translators
who were blinded to the original instrument and had
no prior knowledge of the QUALEFFO-41. The purpose
of backward translation was to ensure semantic and
conceptual equivalence with the original version.

The expert committee evaluated semantic, idiomatic,
experiential, and conceptual equivalence and pro-
duced the prefinal Indonesian version. Cognitive de-
briefing (pilot testing) was conducted among patients
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with osteoporosis to assess clarity, comprehensibility,
and cultural relevance. Minor wording adjustments
were made based on participant feedback.

During the validation phase, participants completed only
the Indonesian version of the QUALEFFO-41 question-
naire. No dual-language administration involving both
the English and Indonesian versions was performed, and
the same respondents did not complete both language
versions. This approach was chosen to reflect real-world
clinical use in the Indonesian population.

DATA COLLECTION PROCEDURE

Data were collected in Indonesia. Participants com-
pleted the Indonesian QUALEFFO-41 during routine
clinical visits, either independently or with minimal
assistance from trained research staff. To evaluate
test-retest reliability, a subsample of 60 participants
completed the questionnaire again after a 2-week
interval, during which no clinical changes were ex-
pected. Sociodemographic data were also collected.
The Indonesian-language version of the Qualeffo-41
questionnaire used in this study is publicly available
through the International Osteoporosis Foundation
(IOF) and can be accessed at: Indonesian version of
the Qualeffo-41 questionnaire (https://www.osteo-
porosis.foundation/sites/iofbonehealth/files/2021-10/
IOF-Qualeffo41-questionnaire-Indonesian.pdf).

STATISTICAL ANALYSIS

Psychometric analyses were conducted to assess the re-
liability and validity of the Indonesian QUALEFFO-41.
Statistical analyses were performed using IBM SPSS Sta-
tistics, version 26.0; SmartPLS, version 4.0; and AMOS,
version 24.0.

RELIABILITY

Internal consistency reliability was assessed using Cron-
bach a. Coefficients of a = 0.70 were considered accept-
able, a = 0.80 were considered good, and a = 0.90 were
considered excellent. Test-retest reliability was assessed
using the intraclass correlation coefficient (ICC) based
on a 2-way mixed-effects model with absolute agree-
ment. ICC values = 0.75 indicated good reliability,
whereas values = 0.90 indicated excellent reliability.

CONVERGENT VALIDITY

Convergent validity was evaluated using factor load-
ings, average variance extracted (AVE), and composite
reliability (CR). Values of AVE = 0.50 and CR = 0.70 were
considered satisfactory evidence of convergent validity.
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CONSTRUCT VALIDITY

Construct validity was examined using confirmatory fac-
tor analysis (CFA) with maximum likelihood estimation
in AMOS. Model fit was assessed using x*/df, compara-
tive fit index (CFI), Tucker-Lewis index (TLI), goodness-
of-fit index (GFl), adjusted goodness-of-fit index (AGFI),
and root mean square error of approximation (RMSEA).
Model fit was considered acceptable when y%/df < 3.0,
CFl and TLI = 0.90, GFI = 0.85, and RMSEA < 0.08.

RESULTS

SOCIODEMOGRAPHIC AND CLINICAL
CHARACTERISTICS OF PARTICIPANTS (TABLE I)

Table I.

e Frequency | Percentage
Characteristic Categor
9ony () (%)
Prevalidation study 50 245
Participant
Control 88 431
group
Case 66 324
60-64 13 6.4
Current age 65-69 112 54.9
(years) 70-74 57 27.9
>75 22 10.8
<59 7 34
Age at 60-62 89 837
osteoporosis
onset (years) 6365 81 39.7
> 66 27 13.2
< 18.5 (underweight) 0 0.0
Body mass 18.5-22.9 (normal weight) 98 48.0
index (kg/m) | 23,0-24.9 (overweight) 77 377
> 25 (obesity) 29 14.2
No formal education 42 20.6
Educational Primary education 43 21.1
level Secondary education 71 34.8
Tertiary education 48 235
Married 98 48.0
Marital status
Widowed 106 52.0
Employment Employed 39 19.1
status Retired 165 80.9
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RESULTS OF THE TRANSLATION

AND ADAPTATION OF THE
QUALEFFO-41 QUESTIONNAIRE INTO
INDONESIAN

General information

The original QUALEFFO-41 (Quality of Life Question-
naire, 1997) was translated, culturally adapted, and
validated into Indonesian by Z. N. and P. W. N. The
translation was acknowledged and approved by the
International Osteoporosis Foundation (IOF) on June
16, 2019.

Structure of the questionnaire

The Indonesian version of the QUALEFFO-41 com-
prises 41 items divided into 5 domains, identical to
those of the original version. The pain domain in-
cludes 5 items assessing the frequency, duration, and
intensity of back pain. The physical function domain
is divided into three subdomains. The activities of
daily living subdomain comprises 4 items evaluating
respondents’ ability to dress, bathe, use the toilet,
and maintain sleep quality. The household work sub-
domain contains 5 items covering activities such as
cleaning, cooking, washing dishes, shopping, and lift-
ing objects. The mobility subdomain includes 8 items
assessing the ability to stand, bend, climb stairs, walk,
and maintain posture. The social function domain
consists of 7 items assessing respondents’ participa-
tion in hobbies, sports activities, visits to cinemas
or theaters, and other social activities. The general
health perception domain includes 3 items reflecting
respondents’ perceptions of their overall health and
quality of life, whereas the mental function domain
comprises 9 items assessing fatigue, hopelessness,
loneliness, mood, and optimism.

Translation and cultural adaptation

The translation process emphasized semantic, idiomat-
ic, experiential, and conceptual equivalence with the
original instrument. Several linguistic and cultural ad-
aptations were made to ensure clarity and relevance
for respondents. Lexical adjustments and simplifica-
tions were introduced to improve readability, whereas
unfamiliar or technical terms were replaced with more
readily understood expressions. Cultural adaptations
were made for items that might not fully correspond
to the local context, such as activities involving cinema
or theater attendance. Clarifying examples were add-
ed to improve comprehension, particularly for items
involving specific weights or tasks. Semantic refine-
ment was also undertaken to preserve the intended

| Rev Osteoporos Metab Miner 2026;18(3):89-100 |



CULTURAL ADAPTATION AND VALIDATION OF THE INDONESIAN VERSION OF QUALEFFO-41 IN PATIENTS WITH OSTEOPOROSIS

psychological meaning of key terms, ensuring that the
translated items accurately reflected the constructs as-
sessed by the source version.

Scoring and interpretation

All response options were standardized according to
the IOF scoring algorithm (2017):
1. Most items are rated from 1 (best quality of life)
to 5 (worst quality of life).
2. Items 33, 34, 35, 37, 39, and 40 are reverse scored.
3. Domain scores are calculated as the mean of all
items in the domain and then converted to a
0-100 scale.
4. If > 30 % of items are unanswered, the result is
considered invalid.

Validation notes

1. The translation incorporated the official IOF scor-
ing and conversion algorithm, ensuring method-
ological consistency.

2. TheIndonesian version retains the original struc-
ture and psychometric intent while ensuring lin-
guistic and cultural equivalence.

3. Official authorization was obtained from the In-
ternational Osteoporosis Foundation, confirming
approval of the adaptation.

The Indonesian version of the QUALEFFO-41 demon-
strates semantic and conceptual equivalence with the
original English instrument, with minor linguistic sim-
plifications and contextual adjustments to accommo-
date Indonesian cultural norms. This version is suitable
for assessing quality of life among Indonesian-speak-
ing patients with osteoporosis.

Table Il presents the internal consistency reliability of
each domain as measured using Cronbach a. The pain
domain, comprising 5 items, demonstrated excellent re-
liability (o« = 0.930). The physical function domain, com-
prising 17 items, also showed a high level of reliability
(o0 = 0.902). The social function domain demonstrated
acceptable reliability (a = 0.725). The general health per-
ception domain demonstrated marginal reliability (o =
0.653), indicating lower internal consistency than the
other domains. The mental function domain demon-
strated moderate reliability (a = 0.794). Overall, most
domains demonstrated satisfactory internal consistency.

Test-retest reliability was assessed using the intraclass
correlation coefficient (ICC) over a 14-day interval
in a subsample of 60 participants. The pain domain
showed good temporal stability (ICC, 0.8378), and the
physical function domain also demonstrated good
reliability (ICC, 0.8510). The social function domain
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showed moderate reliability (ICC, 0.6604). General
health perception demonstrated good reliability (ICC,
0.7572), whereas the mental function domain showed
excellent test-retest reliability (ICC, 0.8664). In addi-
tion, the total score exhibited an exceptionally high
ICC of 0.9994, indicating nearly perfect temporal sta-
bility. The Bland-Altman plot used to assess agreement
between the initial test and retest measurements and
to provide an overview of agreement for the total
QUALEFFO-41 score is shown in figure 1.

P. W. NURIKHWAN AND Z. NOOR

Convergent validity was assessed for each domain us-
ing average variance extracted (AVE) and composite
reliability (CR). All domains met the conventional crite-
ria for convergent validity, with AVE values > 0.50 and
CR values > 0.70. Specifically, the pain domain demon-
strated strong convergent validity (AVE, 0.721; CR,
0.928). Social function (AVE, 0.584; CR, 0.787), gener-
al health perception (AVE, 0.695; CR, 0.830), mental
function (AVE, 0.716; CR, 0.907), and physical function
(AVE, 0.831; CR, 0.980) also demonstrated satisfacto-
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Figure 1. Bland-Altman plot for QUALEFFO-41 scores.
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ry convergent validity. These results indicate that the
items within each domain adequately represent their
respective latent constructs.

Table Il presents the results of the confirmatory factor
analysis (CFA) for each construct. The pain construct
showed poor model fit based on indices such as the
goodness-of-fit index (GFl), adjusted goodness-of-fit
index (AGFI), comparative fit index (CFl), Tucker-Lewis
index (TLI), and root mean square error of approxima-
tion (RMSEA). Within the physical function domain, the
activities of daily living (ADL) and household work sub-
constructs demonstrated marginal fit, whereas mobility
showed poor fit across all indices. The social function
and mental function constructs also showed poor fit,
suggesting substantial deviations from the assumptions
of the proposed measurement model. In contrast, the
general health perception construct exhibited perfect
fit, indicating complete agreement between the mea-
surement model and the observed data. Overall, the
CFA results demonstrate variability in construct validity
across domains, with some domains requiring further
refinement. A structural equation modeling (SEM) path
diagram depicting the relationships between latent
constructs and the contribution of each indicator to the
overall model is shown in figure 2. This diagram provides
a visual representation of the direction and strength of
the structural relationships examined in the study. A CFA
model of the QUALEFFO-41 latent construct, showing
the factor loading of each item and the fit of the model
to the theoretical structure, is shown in figure 3. Togeth-
er, these complementary figures support interpretation
of the psychometric findings discussed below.

DISCUSSION

The validation results for the Indonesian version of
the QUALEFFO-41 in this study demonstrate an over-
all satisfactory psychometric profile. The high in-
ternal consistency observed in domains such as pain
(a=0.93) and physical function (a = 0.90) indicates that
the items within these domains are highly cohesive

95

and consistently measure the intended constructs. This
finding is consistent with the Korean adaptation, in
which Cronbach a values for the QUALEFFO-41 ranged
from 0.733 to 0.942, indicating adequate reliability in
the Korean population (8).

Although internal consistency was strong in several
domains, the CFA results showed that not all domains
conformed closely to the original factor structure. The
general health perception domain demonstrated very
good model fit, whereas pain, social function, mo-
bility, and mental function showed poor to marginal
fit based on indices such as CFl, TLI, and RMSEA. This
finding indicates that, although the items may be in-
ternally consistent, the theoretically proposed latent
structure may not fully correspond to the pattern ob-
served among Indonesian respondents. The discrepan-
cy between high internal consistency and suboptimal
CFA fit can be explained by the fact that Cronbach o
assesses item homogeneity, whereas CFl, TLI, and RM-
SEA assess how well the hypothesized factor structure
corresponds to the empirical data. In other words,
items may correlate strongly with one another with-
out necessarily fitting a proposed unidimensional
structure. A similar issue was reported in a recent sys-
tematic review, which found relatively strong evidence
for construct validity but limitations in cross-cultural
validity and factor structure (6).

Cross-cultural comparisons are particularly relevant
when interpreting these findings. For example, in
the Hebrew-language adaptation for postmeno-
pausal women in Israel, the QUALEFFO-41 demon-
strated good internal consistency (a = 0.88) and ad-
equate construct validity, although several domains,
particularly cognitive/mental and social domains, re-
quired refinement to improve their relevance with-
in the Israeli sociocultural context (9). Similarly, the
Serbian adaptation of the QUALEFFO-41 showed
challenges related to translation and cultural
adaptation despite the use of methodological-
ly rigorous forward-backward translation proce-
dures (10). In Malaysia, the Malay version of the
QUALEFFO-41 demonstrated good internal consis-
tency (0.752-0.925), although the social activity do-

Table IlI.

Construct x/df GFI AGFI CFI TLI RMSEA RMR | Fit conclusion

Pain 32.13 0.771 0.314 | 0.840 0.680 0.392 0.083 Poor fit

] Activities of daily living 8.19 0.963 0.815 | 0.969 | 0.906 0.188 0.059 Marginal fit
:::z:zln Household work 749 | 0941 | 0.822 | 0935 | 0.871 | 0.79 | 0.101 | Marginal fit

Mobility 11.00 0.783 0.609 0.693 0.570 0.222 0.222 Poor fit

Social function 11.236 0.821 0.642 0.662 0.493 0.225 0.173 Poor fit
General health perceived - 1.000 - 1.000 - - 0.000 Perfect fit
Mental function 34.434 0.585 0.308 | 0.462 0.283 0.406 0.242 Poor fit
Source: Authors’ primary data (2025).
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Figure 3. Confirmatory factor analysis (CFA) model for the QUALEFFO-41 latent construct.
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main had a lower a value (0.692), possibly reflecting
differences in the perception of social activity within
the Malay cultural context (11).

Cultural and linguistic factors are likely to be major
contributors to these differences. For example, the
interpretation of household tasks in Indonesia may
differ substantially from that in European or other
Western contexts because Indonesian households of-
ten distribute such tasks among extended family mem-
bers. This may lead respondents to rate the burden of
household activities differently from how it was con-
ceptualized in the original QUALEFFO framework. In
addition, expressions related to “social function” and
“mental function” may have different connotations in
Indonesian; idiomatic expressions, emotional commu-
nication, and social roles, including family roles and
social support, are strongly influenced by local cul-
tural values. Linguistic adaptation that does not ade-
quately account for these nuances may result in item
cross-loading or high error covariance, which can ad-
versely affect CFA model fit.

The high reliability and satisfactory convergent valid-
ity, including adequate AVE and composite reliability
values across the major domains, indicate that the
Indonesian version of the QUALEFFO-41 remains a
useful disease-specific quality-of-life instrument for
the Indonesian population with osteoporosis. Good
internal consistency indicates coherent response
patterns within domains, whereas convergent va-
lidity suggests that the items adequately reflect the
constructs they are intended to measure. Collective-
ly, these findings support the use of the Indonesian
QUALEFFO-41 in clinical research, epidemiological
surveys, and outcome monitoring in patients with os-
teoporosis in Indonesia.

The importance of the Indonesian version of the
QUALEFFO-41 lies in its role as a locally adapted and
validated instrument. It allows a more sensitive and
contextually appropriate assessment of quality of
life than generic instruments such as the EQ-5D in
an Indonesian population that may differ in its per-
ceptions of pain, mobility, social activities, and men-
tal health. This provides practical benefits for clinical
practice, including rehabilitation management and
therapeutic interventions; research, including eval-
uation of treatment and rehabilitation effects; and
health policy, such as assessment of the burden of
osteoporosis-related impairment in quality of life in
developing countries.

This study reinforces the view that health-related
quality of life (HRQoL) is a critical clinical outcome in
the management of osteoporosis, particularly among
patients with vertebral fractures. Osteoporosis should
not be conceptualized solely as a reduction in bone
mineral density (BMD), but rather as a chronic, mul-

P. W. NURIKHWAN AND Z. NOOR

tifactorial condition with substantial physical, psy-
chological, and social consequences. From a global
epidemiological perspective, osteoporotic fractures
represent a substantial and growing public health
burden, particularly in aging populations (12). Verte-
bral fractures, although frequently underdiagnosed,
are associated with chronic back pain, progressive ky-
photic deformity, impaired mobility, reduced pulmo-
nary function, and increased risk of falls. Collectively,
these sequelae contribute to long-term deterioration
in HRQoL that may not be adequately captured by
radiological findings or densitometric parameters
alone (13).

The development of the Quality of Life Question-
naire of the European Foundation for Osteoporosis
(QUALEFFO) represented a paradigm shift in osteopo-
rosis outcome assessment by emphasizing patient-re-
ported outcomes (4). Unlike generic instruments,
the QUALEFFO was specifically designed to detect
the multidimensional impact of vertebral fractures,
including pain severity, physical functioning, social
participation, mental health, and general health per-
ception. Subsequent validation studies confirmed its
internal consistency, construct validity, and discrimina-
tive ability in distinguishing patients with and with-
out vertebral fractures (14). The shortened version,
QUALEFFO-41, further improved feasibility in clinical
and research settings without compromising psycho-
metric robustness.

Former studies have consistently demonstrated that
vertebral fractures are a major determinant of im-
paired HRQoL. Oleksik et al. (15) reported that post-
menopausal women with low BMD and prevalent
vertebral fractures experienced significantly poorer
HRQoL than women without fractures. Similarly, Ja-
helka et al. (16) found that patients with osteopenia
or osteoporosis without fractures had relatively pre-
served quality of life compared with patients with
fractures. These findings suggest that vertebral frac-
ture represents an important clinical turning point in
the course of osteoporosis and underscore the impor-
tance of fracture prevention strategies.

Disease-specific instruments such as the QUALEFFO
demonstrate greater sensitivity than generic mea-
sures for detecting clinically meaningful differences
and changes after treatment. Badia et al. (17) showed
that the QUALEFFO had strong discriminative ability
in women with vertebral fractures when compared
with the Osteoporosis Quality of Life Questionnaire
(OQLQ). Furthermore, Yilmaz et al. (18) demonstrated
that disease-specific instruments had higher respon-
siveness indices than generic instruments when eval-
uating therapeutic interventions. This is particularly
relevant in clinical trials assessing pharmacological
treatments, physical rehabilitation, or combined inter-
ventions.
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The association between HRQoL and functional pa-
rameters further strengthens the clinical relevance of
disease-specific assessment. Bergland, Thorsen, and
Karesen (19) demonstrated significant correlations
between HRQoL scores and measures of mobility and
balance among women with osteoporosis and verte-
bral fractures. Spinal deformity and chronic pain not
only impair physical performance but also increase the
risk of falls, creating a vicious cycle of disability and
further fracture risk. Therefore, integrating HRQol as-
sessment with functional mobility evaluation provides
a more comprehensive framework for patient-cen-
tered osteoporosis management.

Moreover, rehabilitation guidelines emphasize the
importance of monitoring quality of life as part of
therapeutic evaluation (20). Treatment success should
not be restricted to improvements in BMD but should
also encompass functional recovery and psychosocial
well-being. This reinforces the clinical utility of the
QUALEFFO beyond research settings and supports
its use as a valuable decision-support tool in routine
care. HRQol in osteoporosis is inherently multidimen-
sional. Physical domains, particularly pain and activity
limitation, often exert the greatest influence on total
scores; however, psychological and social domains also
contribute substantially to overall health perception
(14,15). Chronic pain, fear of falling, reduced autono-
my, and social withdrawal collectively shape the lived
experience of osteoporosis. Consequently, a biopsy-
chosocial framework is essential when interpreting
HRQoL outcomes.

Several limitations should be acknowledged. First, the
study sample may have been predominantly female,
limiting the generalizability of the findings to men
with osteoporosis. Sex-related differences in social
roles, household responsibilities, and pain perception
may produce different response patterns. Second, the
cross-sectional design precludes assessment of changes
in quality of life over time and causal inference. Third,
although test-retest reliability was assessed, long-term
temporal stability over months or years and measure-
ment invariance across subpopulations, including age,
sex, and geographic region, were not evaluated. With-
out measurement invariance analyses, it is difficult to
determine whether the QUALEFFO-41 factor structure
remains consistent across different segments of the In-
donesian population. Subgroup analyses according to
T-score severity and fracture type were not performed
because of limited statistical power. Future studies with
larger samples are warranted to assess the discrimina-
tive ability of the Indonesian QUALEFFO-41 across clin-
ical severity groups.

Recommendations for future research include the fol-
lowing: (1) conducting item-level analyses, such as item
response theory or communality analyses, to identify
problematic items, including cross-loading, redundant,
or culturally irrelevant items; (2) conducting cognitive
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interviews with respondents from diverse cultural and
social backgrounds to ensure that item meaning is un-
derstood as intended; (3) considering modifications
to the factor structure, including potential division of
domains or subscales, based on local empirical data
and cultural theory; (4) conducting multigroup CFA to
assess measurement invariance across sex, geographic
region, and age groups; and (5) implementing longitu-
dinal studies to evaluate responsiveness to change and
temporal stability of the Indonesian QUALEFFO-41.

Overall, although not all domains demonstrated opti-
mal model fit in CFA, the strengths in internal consis-
tency and convergent validity support the Indonesian
version of the QUALEFFO-41 as a valuable, relevant,
and contextually appropriate instrument for assess-
ing quality of life in Indonesian patients with osteo-
porosis. Further adaptation and validation studies will
help strengthen its utility in clinical research, popula-
tion-based studies, and osteoporosis management in-
terventions in Indonesia.

CONCLUSIONS

This study demonstrates that the Indonesian version
of the QUALEFFO-41 is a valid and reliable instrument
for assessing health-related quality of life in patients
with osteoporosis, with satisfactory internal consis-
tency across domains and evidence supporting several
aspects of its construct validity. Although some CFA
domains showed suboptimal model fit, the overall
psychometric findings support use of the instrument
within the Indonesian cultural context. Careful lin-
guistic and cultural adaptation helped ensure that the
instrument captures patients’ lived experiences more
appropriately than nonlocalized measures. The study
is limited by its cross-sectional design, predominantly
female sample, and absence of long-term longitudinal
evaluation. Future research should assess longitudinal
responsiveness, measurement invariance, and applica-
bility across more diverse populations with osteopo-
rosis.
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Resumen

Introduccion: la estimulacion eléctrica (EE) se ha consolidado como una herramienta prometedora en medicina rege-
nerativa por su capacidad de modular procesos celulares clave. En el tejido 6seo, la EE puede favorecer proliferacion,
diferenciacion y sintesis de matriz extracelular.

Hipétesis y objetivo: la aplicacion de corriente alterna a baja frecuencia modula “de manera dependiente del voltaje” la
proliferacion, maduracion y morfologia de hOB procedentes de biopsias humanas. El objetivo del estudio fue evaluar el efecto
de la EE alterna sobre la proliferacion, actividad osteogénica (ALP y OCN) y caracteristicas morfoldgicas de hOB en cultivo.

Material y métodos: a partir de biopsias tibiales de cuatro pacientes se obtuvieron cultivos primarios de hOB. Tras su
expansion, se sometieron a EE (0, 500 o 750 mV) durante 10 dias, 3 h/dia. Se evalu¢ proliferacién mediante recuento
nuclear, actividad de ALP, sintesis de osteocalcina (OCN) por inmunofluorescencia y morfologia celular tras transfec-
cion con pmCherry. El andlisis estadistico incluyé anlisis de normalidad seguido de ¢t Student y ANOVA para variables
paramétricas y Kruskall-Wallis ANOVA en rangos, para variables no paramétricas.

Resultados: la proliferacién aumento significativamente a 500 mV, mientras que 750 mV mostré valores similares al
control. La actividad ALP aumento progresivamente en ambos voltajes, alcanzando valores maximos a dia 10. La expresion
gﬂzgl’;?:sﬂ)as"e‘ de OCN fue significativamente superior a 500 mV. Morfolégicamente, 500 mV increment el rea celular sin cambios

primarios humanos.  relevantes en nimero o longitud de pseudofilopodios.

Electroestimulacion. iz . L . -
Corrionte alterms. Conclusién: |a EE alterna a 10 Hz y 500 mV favorece la proliferacion y la maduracién osteoblastica. Los resultados

Ingenieria tisular. indican que 500 mV constituye la condicion méas adecuada para promover una respuesta osteogénica equilibrada en hOB.
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INTRODUCCION

La medicina regenerativa es un campo interdisciplina-
rio que tiene como objetivo reparar o sustituir tejidos
y érganos comprometidos para restablecer sus funcio-
nes fisiolégicas. Dentro de este campo, la estimulacién
eléctrica (EE) ha surgido como una modalidad tera-
péutica significativa, reconocida por su capacidad para
modular diferentes procesos biolégicos tanto a nivel
celular como tisular (1,2).

La generacién de un tejido funcional mediante inge-
nieria tisular y la aplicacion de estimulacion eléctrica,
tiene un gran impacto en diversas areas de la medicina
regenerativa, asi como la correccion de defectos 6seos
mediante la produccion de osteoblastos (OB) funcio-
nales (3). Las células osteoblasticas, ampliamente reco-
nocidas por su funcién en la formacién de tejido 6seo,
provienen de células madre mesenquimales (MSC) pre-
sentes en el estroma de la médula dsea (4).

A lo largo del proceso de diferenciacion osteoblastica,
estas células van a ir expresando distintos genes, mar-
cadores que indican el estadio de maduracion de los
osteoblastos. Al inicio, existe una etapa de prolifera-
Cién en la que los pre-OB expresan entre otros genes,
RUNX2. Posteriormente, la transicion de pre-OB a OB
maduros se caracteriza por expresion de genes como
osterix (OSX) y osteocalcina (OCN), y un aumento en la
actividad fosfatasa alcalina (ALP) para una posterior sin-
tesis de proteinas de la matriz 6sea, como es la OCN (5).
El proceso de sintesis de matriz 6sea extracelular por
parte de los OB ya maduros, se lleva a cabo mediante la
deposicion de la matriz inorgdnica y posterior minera-
lizacion, donde ALP y OCN desempeiian un papel fun-
damental (6). ALP es una enzima producida por los OB
que participa en la mineralizacién ésea al proporcionar
el fosfato inorganico necesario para la formacién de hi-
droxiapatita, principal componente mineral del hueso
(7). Por otra parte, la OCN, se considera un marcador
especifico de la formacién ésea debido a su sintesis ex-
clusiva por los OB, ademas, su concentracién en sangre
refleja la actividad osteoblastica (8).

En la actualidad, existen diversas condiciones asocia-
das a la patologia ésea que requieren soluciones en
la practica clinica. Entre ellas, se incluyen defectos sig-
nificativos en el tejido déseo, fracturas traumaticas con
mala consolidacion, resecciones de tumores, desbri-
damientos de tejidos necréticos tanto sépticos como
asépticos. Asimismo, el incremento en los reemplazos
protésicos, debido a enfermedades 6seas degenerati-
vas o metabdlicas, es cada vez mas comun, especial-
mente en personas mayores en las que presentan me-
nor capacidad osteorregenerativa, sin garantizar de
este modo, una adecuada biomecanica futura (3).

Se ha evidenciado que la aplicacion de corrientes eléc-
tricas en el hueso produce un efecto eléctrico capaz de
estimular la osteogénesis (3). Actualmente, las investiga-
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ciones se orientan en el desarrollo de sistemas conducto-
res para la EE localizada, la aplicacién de la EE en células
madre, la utilizacion de diferentes biomateriales, la opti-
mizacién de los parametros de EE (frecuencia, amplitud,
duracion) para diferentes aplicaciones y el estudio de sus
mecanismos de accion a nivel celular y molecular (9). En
su conjunto, la EE muestra un gran potencial para avan-
zar en la regeneracion 6sea, particularmente en casos
desafiantes como grandes defectos éseos y la integra-
cién de prétesis, debido a su capacidad para mejorar la
proliferacion celular, la diferenciaciéon y la remodelacion
de tejidos, particularmente, del tejido 6seo (10).

Diversos experimentos han demostrado que la EE tie-
ne un efecto positivo en procesos clave para la rege-
neracion ésea como la vascularizacién, condrogénesis,
adhesion celular o la modulacion de la inflamacion
(11). A nivel celular, se considera que los valores en el
rango de decenas o centenas de milivoltios (mV), son
los adecuados para inducir excitacién, y 6ptimos para
activar las proteinas sensibles al campo eléctrico, prin-
cipalmente canales y receptores de membrana.

El objetivo general de este trabajo es estudiar el pa-
pel de la estimulacién eléctrica como modulador de la
diferenciacion y maduracion de células osteoblasticas
obtenidas a partir de biopsias éseas humanas proce-
dentes de artrodesis de rodilla.

MATERIAL Y METODOS

DISENO DE ESTUDIO

Estudio experimental in vitro de osteoblastos huma-
nos primarios (hOB) procedentes de biopsias 6sea, so-
metiéndolos a electroestimulacién mediante corriente
alterna (Fig. 1A).

SUJETOS DE ESTUDIO

Los hOB se obtuvieron a partir de explantes de mesetas
tibiales. Dichos explantes se adquirieron durante inter-
venciones artoplasticas de 4 pacientes que acudieron
a la UGC de Traumatologia del Hospital Universitario
Virgen Macarena (HUVM), Sevilla. El estudio se aprobé
por el CEl Provincial de Sevilla (SICEIA-2024-001743).

Todos los pacientes incluidos en el estudio fueron in-
formados y firmaron el consentimiento informado. No
hubo pacientes excluidos durante el procedimiento.

Los pacientes fueron seleccionados de acuerdo con los

criterios de exclusidon e inclusion definidos en el es-
tudio. Se incluyeron en el estudio aquellos pacientes
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mayores de 50 afos, que hayan ingresado para la im-
plantacion de una prétesis articular de rodilla por cues-
tiones mecanicas y hayan firmado el consentimiento
informado. Se excluyeron aquellos que presentaron
tratamientos crénicos con corticoides orales durante
un periodo mayor a 6 meses y con una dosis = 7,5 mg/
dia de prednisona o corticoide equivalente. También
se excluyeron los que habian recibido en los ultimos
5 afios tratamiento para la osteoporosis, presentaban
antecedentes de inmovilizaciéon prolongada durante
un periodo mayor a 6 meses o sufrian enfermedades
hepaticas, renales, endocrinas o hematolégicas con
influencia sobre el metabolismo 6seo o enfermedad
tumoral.

CULTIVO CELULAR

A partir de biopsias 6seas de cuatro pacientes, se obtu-
vieron cuatro cultivos celulares de explantes mediante
disgregacion mecanica del hueso trabecular, constitu-
yendo cuatro réplicas biolégicas independientes para
cada condicién experimental.

Tras lavarlos con PBS, fueron cultivados para obtener
osteoblastos humanos en medio DMEM (Medio Esen-
cial Minimo - PanBiotec, Alemania) suplementado con
15 % suero bovino fetal inactivado, 2 mM GlutaMAX i,
100 U/mL penicilina, 100 pg/mL estreptomicina (Gibco,
USA) y 2,5 pg/mL anfotericina-B (Cytiva, USA). A los
4 dias de cultivo se cambié este medio de crecimien-
to por medio osteogénico, el cual incluyé: 50 pg/mL
de B-glicerofosfato (Merck, Alemania), 10mM de &ci-
do ascérbico (StemCell Technologies, Canadd) y 10nM
de dexametasona (Sigma-Aldrich, Madrid). Se mantu-
vieron en el incubador a una atmosfera humificada
al 95 % y 5 % de CO,. Cuando las células alcanzaron

un 80-85 % de confluencia, se efectudé un pase celular
para aumentar el numero de células y someterlas a las
diferentes condiciones de electroestimulacion.

SISTEMA DE ELECTROESTIMULACION

La electroestimulaciéon de los cuatro cultivos de hOB,
se realizé6 mediante un sistema que genera campos
eléctricos a la vez que los adapta y aplica a las células.
Para poder realizar estas funciones, el sistema posee
3 componentes principales: monitorizacién, electroes-
timulacion y funciones de control como el suministro
de energia. Todos los componentes estan acoplados a
una placa del circuito e interactuan a través de una
conexion inaldmbrica bidireccional, que permite cono-
cer y modificar los parametros de funcionamiento en
cualquier momento del transcurso experimental (10).

El sistema de electroestimulacion utilizado albergé
4 placas de electrodos 8W10E+ (Applied Biophysics,
Troy, NY, USA) de 8 pocillos de 1 cm? cada uno, con
20 electrodos de oro de un diametro de 250 pm (10).
La frecuencia aplicada fue de 10 Hz. El sistema de
electroestimulacion fue disefiado en el Instituto de
Microelectrénica de la Universidad de Sevilla (grupo
TIC-178) (Fig. 1B).

En este estudio, se aplicé corriente alterna con una
frecuencia de 10 Hz, a un voltaje de 500 mV/mm o
750 mV/mm durante 10 dias, 3 h diarias, ademas de
una condicion control (0 mV). Se definié este rango de
voltaje y frecuencia debido a experimentos anteriores
de nuestro grupo de investigacion aun no publicados.

El sistema de electroestimulacién empleado permite
trabajar en condiciones compatibles con cultivos celu-

—

ELECTROESTIMULACION

e

Obtencion de cultivo Corriente alterna = Proliferacion
primario de hOB a = Morfologia
partir de explantes Voltaje: 500 mVy 750 mV = Diferenciacion

6seos Frecuencia: 10 Hz (ALPy OCN)

Figura 1. Esquema general del proceso realizado, creado con Bio-Render.
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lares estandar, manteniendo las placas de cultivo en
incubador (37 °C, 5 % CO, y humedad controlada). El
sistema esta disenado para mantener la esterilidad du-
rante la estimulacién.

ENSAYO DE ACTIVIDAD FOSFATASA
ALCALINA

Durante la estimulacion, se recogio el sobrenadante
(SN) los dias 4, 7 y 10, y se congelaron a -80 °C para su
posterior analisis.

La actividad ALP se determiné con el kit comercial
Alkaline Phosphatase Assay Kit (Abcam, Cambridge,
UK), y se midié mediante un ensayo colorimétrico ba-
sado en la conversién de p-nitrofenilfosfato (pNPP) a
p-nitrofenol.

Se determind la absorbancia utilizando el lector de
placas Infinity 200 Pro y los resultados obtenidos se
analizaron y representaron mediante GraphPad Prism.

DETERMINACION DE OSTEOCALCINA

Para estudiar la maduracion de los hOB, se determiné la
presencia de OCN mediante inmunofluorescencia (IF).

Las células se fijaron con paraformaldehido al 4 %. El
anticuerpo primario utilizado fue anti-humano-OCN
(R&D Systems, USA) y el secundario Anti-mouse Alexa
Fluor 488 (Invitrogen, Spain).

Las células fueron visualizadas utilizando microscopio
de fluorescencia (Hamamatsu ORCA-03G) y se midio la
fluorescencia mediante el software Imagel (Softonic,
Espaia).

TRANSFECCION CELULAR
E INMUNOFLUORESCENCIA

Los hBO deben cultivarse a una densidad alta para
asegurar la supervivencia. La expansién de las células
dificulta el analisis individual morfolégico. Para evitar
este problema, realizamos la transfeccion de los hOB,
tras los 10 dias de cultivo, con vectores de expresion de
proteinas exdgenas fluorescentes. La baja eficiencia de
la transfeccion nos permitié analizar células individua-
les al microscopio electrénico.

La transfeccion se llevé a cabo mediante lipofeccion
con el vector pmCherry-N1 (Clontech Laboratories,
Takara BioCompany, Canada) usando el reactivo Lipo-
fectamine 2000 (Invitrogen Life Technologies, USA) en
medio OptiMEM (invitrogen).
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Posteriormente, para evaluar la proliferacién, mor-
fologia y diferenciacion celular se llevé a cabo una
IF de los hOB después de 10 dias de electroestimula-
cion. Las células fueron fijadas con 4 % de parafol-
maldehido, impermeabilizadas con 0,5 % Tritén-PBS
e inmediatamente bloqueadas con 1 % de albumina
de suero bovino en PBT (0,1 % Tritén en PBS). Se in-
cub6 con el anticuerpo primario conejo anti-mChe-
rry 1:500 (Conejo, ab167453, Abcam) para el estudio
morfoloégico. Tras lavado con PBS-T, se incubo con el
anticuerpo secundario correspondientes en solucién
de bloqueo durante 1 hora a dilucién 1:500 Cy3 Affi-
niPure Donkey (H+L) (Conejo, AB_2340612, Jackson
ImunoResearch). Para finalizar, las placas se lavaron
con PBS y se incubaron con DAPI 1:500 para el estu-
dio de proliferacién. Se procedié al montaje y visua-
lizacion en el microscopio de fluorescencia (Olympus
BX50, PA, USA).

También se realizé una inmunofluorescencia de todas
las células, como estudio independiente utilizando an-
tiosteocalcina humana 1:500 (ratén, MAB1419, R&D
Systems) como marcador de diferenciacién celular. Se
siguié el mismo protocolo llevado a cabo en la IF de las
células transfectadas, utilizando el anticuerpo secun-
dario a dilucion 1:500: anti-mouse Alexa Fluor 488 (Ca-
bra, A11001, Invitrogen) y DAPI a 1:500.

ANALISIS DE ESTUDIOS DE PROLIFERACION,
MORFOLOGIA Y DIFERENCIACION
OSTEOBLASTICA

El analisis morfolégico de las células se realizé me-
diante microscopia de fluorescencia y se capturaron
10 imagenes por pocillo usando un microscopio de
fluorescencia (Olympus BX50) equipado con una ca-
mara digital (Hamamatsu ORCA-03G).

Para el estudio de proliferacién, se contaron nucleos
de 40 campos aleatorios por condicion mediante
la herramienta Cell Counter del programa ImageJ.
Para el analisis morfologico, se contabilizo el area,
numero de pseudofilopodios, asi como su longitud
maéaxima y media de las células pmCherry* median-
te el software Imagel. Para cada imagen, se realizé
la calibracién especifica en escala pixel-um (1 ym =
12 pixeles).

ANALISIS ESTADISTICO

Los experimentos se realizaron por triplicado y cada
condicion por duplicado.

Para llevar a cabo el analisis de datos se utilizé el
software estadistico SPSS 23.0 (IBM, Espafia). Se rea-
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liz6 un primer andlisis de normalidad, mediante el
test de Shapiro-Wilk. Se compararon las medias para
datos independientes siguiendo t-student o el test
one-way ANOVA, seguln se comparasen 2 o0 mas con-
diciones experimentales, respectivamente. Para el
estudio de actividad ALP, se llevé a cabo un anélisis
t-Student de datos pareados, ya que se obtuvieron
resultados a lo largo del tiempo (4,7 y 10 dias). Los
datos referentes a la sefial ICC OCN mostraron dis-
tribucion normal. Sin embargo, el estudio de pro-
liferacion y morfologico (area, numero de pseudo-
filopodios, longitud media y maxima) no mostré
normalidad. Para las variables normales, se llevo
a cabo un anélisis estadistico mediante t-Student,
para comparar dos grupos independientes y pos-
terior realizacién de post-hoc Tukey. Por otro lado,
las variables no paramétricas fueron analizadas me-
diante un estudio Kruskall-Wallis.

Los datos de edad de los pacientes se representan
como media * desviacion tipica, los datos de los ana-
lisis experimentales se muestran como media + error
estandar de la media (SEM). En todos los casos se con-
sideré una p < 0,05 como nivel de significacion esta-
distica.

RESULTADOS

Obtuvimos cuatro cultivos primarios de hOB de 4 pa-
cientes que fueron sometidos a artrodesis. La edad
media de los pacientes fue de 55 + 2, fueron 2 mujeres
y 2 varones, y en los 4 casos se alcanzé la confluencia
celular 6ptima a los 22 + 2 dias. Los datos se organizan
en funcién de los diferentes pardametros funcionales
y morfoldgicos evaluados, permitiendo observar cémo
varia la respuesta celular en relacién con el voltaje
aplicado.

PROLIFERACION

Analizamos la proliferacion de hOB en funcién del vol-
taje de electroestimulaciéon aplicado (0, 500 o 750 mV)
a una frecuencia de 10 Hz durante 10 dias. La variable
analizada corresponde a la densidad celular (células/
cm?).

En la condicién control, sin estimulo eléctrico, se re-
gistra una densidad celular media de 90,26 + 7,70 cé-
lulas/cm?. En aquellas células estimuladas a 500 mV,
observamos un aumento significativo en la prolifera-
ciéon celular (p < 0,001) alcanzando una densidad de
112,25 = 11,03 células/cm? mientras que en la condi-
cién de 750 mV, la proliferacion fue similar a la condi-
cién control (75,90 + 7,82 células/cm?) (Fig. 2).
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Figura 2. Efecto de la estimulacion con corriente alterna sobre
la proliferacién en cultivos primarios hOB tras 10 dias de cultivo.
Se evaluaron las respuestas celulares a la frecuencia de

10 Hz bajo diferentes voltajes: 500 mV'y 750 mV. Los valores se
expresan como porcentaje de viabilidad en relacién con el control
sin estimulacion (0 Hz). Diferencias estadisticas: ***p < 0,001.

MADURACION OSTEOBLASTICA

La maduracion celular se analizé cuantificando los va-
lores de la actividad de ALP a 4, 7 y 10 dias de cultivo
en el sobrenadante celular. Los valores se muestran en
la figura 3.

Tanto en la condicion de 500 mV como a 750 mV,
observamos una progresion en aumento de la acti-
vidad de ALP a lo largo de los dias de cultivo, en
ambos casos, obtuvimos una actividad méaxima a los
10 dias.

En el dia 7 se observaron aumentos significativos de la
actividad ALP respecto a la condicién control frente a
750 mV con unos valores de 0,72 U/mL = 0,02 vs 0,76 U/
mL = 0,01. A los 10 dias de cultivo, los niveles de ALP a
500 mV y 750 mV aumentaron significativamente res-
pecto a las células control no estimuladas, con valores
de 0,74 U/mL = 0,006 a 500 mV (p < 0,01), 0,82 U/mL =
0,02 a 750 mV (p < 0,001) frente a control 0,70 U/mL
+0,01.

Con respecto a la sintesis de OCN, la figura 4 muestra
la sefial IF de OCN en hOB expuestas a los voltajes del
estudio. La variable registrada corresponde a la inten-
sidad de la sefial IF medida en unidades arbitrarias.

Se muestra cdmo la sefial de OCN es significativamente
superior (p > 0,001) a 500 mV respecto a la condicién
control. A 750 mV, observamos una tendencia en au-
mento sin llegar a alcanzar la significacion.
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ANALISIS MORFOLOGICO

Nos planteamos estudiar la morfologia celular de los
hOB para demostrar si la electroestimulacion inducia
cambios de forma, tamafno, numero de prolongacio-
nes citoplasmaticas (pseudofilopodios) o la extension
de las mismas. Dado que observar la morfologia en un
cultivo es complejo, se transfectaron las células, con
una tasa de 10 % de transfeccién, con el objetivo de
observar cél2ulas aisladas y poder cuantificar y evaluar
todos los parametros (Fig. 5).

Respecto al estudio del area celular media de los hOBs
(um?), el cultivo control presenté un area media de

167,03 um? = 12,56. La estimulacién a 500 mV produjo
un aumento notable del area, alcanzando 181,78 ym?
+ 17,50. A 750 mV el &rea media fue de 200 pm? =
15,89, siendo superior al valor observado en el grupo
control, pero sin alcanzar diferencia significativa.

En cuanto al recuento total de pseudofilopodios por
hOB, tanto en las células estimuladas como en el cul-
tivo control, no se observaron diferencias significa-
tivas ya que tanto en los OB estimulados a 500 mV,
a 750 mV como la condicién control presentaron
6,32 + 0,25 pseudofilopodios por célula.

Los valores alcanzados en la longitud maxima de los
pseudofilopodios fueron similares en todos los culti-
vos de hOB, llegando a valores préximos a cerca de
14,55 pm = 1,40 en cada condicién. Respecto a la lon-
gitud media de los mismos, no mostré diferencias sig-
nificativas entre el grupo control y las células estimu-
ladas a 500 mV, ya que ambos alcanzaron una media
de 7,1 um = 0,40. En cambio, la estimulacién eléctrica
a 750 mV resulté en una disminucion no significativa,
situdndose en valores de 5,19 pm = 0,63.

DISCUSION

Los resultados demuestran que los cultivos de hOB es-
timulados a 500 mV presentan un aumento de la pro-
liferacién. Estos resultados estan en consonancia con
los de otros autores los cuales también observan un
aumento tanto en la actividad metabdlica como en la
proliferacion celular bajo estimulacién eléctrica. Esto
sugiere que la estimulacion eléctrica potencia el creci-
miento celular bajo condiciones especificas, observado
que los campos eléctricos acoplados de forma capaci-
tiva incrementaron significativamente la proliferacién
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de células osteoblasticas respaldando el hecho de que
la estimulacién eléctrica puede favorecer la expansién
celular en fases tempranas del proceso osteogénico
(12,13). En otros estudios realizados, se ha descrito
que la estimulacion eléctrica produce un aumento en
la actividad metabdlica de los hOB y de la expresion
de marcadores implicados en la remodelacién 6ésea
(14). Sin embargo, en diversos estudios no se han ob-
servado diferencias significativas en la regeneracion
6sea tras aplicar estimulacion eléctrica alterna a 0,2 V
y 1,4V, lo que sugiere que es una respuesta depen-
diente de las condiciones de estimulacion eléctrica
(15). Este aumento de proliferacion podria deberse a
que la corriente continua puede alterar el potencial de
membrana celular, activando canales i6nicos depen-
dientes de voltaje, especialmente canales de calcio. El
aumento en la entrada de Ca®* puede activar cascadas
de sefializacion intracelular que promueven la proli-
feracion mediante la activacién de proteinas quinasas
Ay C (PKA y PKC). Por otro lado, se ha descrito que
el aumento de vinculina induce una mejor adhesién
celular, lo que puede activar sefializacion mediada por
integrinas y promover la proliferacién a través de se-
fiales mecanotransductoras (14-16).

La maduracion celular la valoramos cuantificando la

actividad de ALP y OCN, como biomarcadores claves
en el proceso de formaciéon dsea ya que son enzimas
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producidas por los osteoblastos que participan en la
mineralizacion 6sea.

En base a los datos obtenidos, se observé un aumento
progresivo entre dias 4-10 en ambos cultivos estimula-
dos, siendo mas evidente en las células estimuladas a
750 mV. ALP es un marcador de maduracién temprana
osteoblastica y de preparacion de la matriz para mine-
ralizacién, este patrén temporal es coherente con la
transicion de pre-OB a OB maduros, donde la actividad
de ALP precede a la expresion de proteinas de matriz
(como OCN) y a la deposicion de hidroxiapatita. Por
otro lado, la mayor expresién de OCN se mostré en los
cultivos de hOB estimulados a 500 mV.

Varios autores han descrito que la expresién de ALP y/o
OCN aumento6 de forma notable tras la aplicacién de
campos electromagnéticos junto con un campo eléctri-
co alterno tradicional tanto en células madre humanas
derivadas de hueso alveolar como en cultivos de célu-
las MC3T3 (17-19). De manera similar se mostré que la
combinacién de electroestimulacién con hidrogel de
hidroxiapatita incrementa la expresién de marcadores
osteogénicos y promueve la diferenciacion de hOB, fa-
voreciendo su maduracion y mineralizacion (20).

Los cambios morfolégicos observados en los osteoblas-
tos tras ser sometidos a diferentes voltajes reflejan va-
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riaciones relevantes en su comportamiento biolégico.
A partir de los resultados del estudio se observa un
incremento del area celular en las células estimuladas
a 500 mV, posiblemente relacionado con un aumen-
to en la produccién de matriz extracelular (15). Con
respecto al nimero de pseudofilopodios observados,
no se encontraron diferencias significativas entre los
distintos grupos de OB estimulados. Aunque estos re-
sultados no son concluyentes, estudios previos han de-
mostrado que la estimulacién eléctrica puede modular
la organizacién del tejido e incrementar su actividad
celular, lo que esta relacionado de forma indirecta con
la formacién de pseudofilopodios. Concretamente, es-
tudios en neuronas han evidenciado que la estimula-
cion eléctrica modula parametros estructurales como
la longitud y orientacién celular (10), lo que sugiere
que este fenomeno podria manifestarse en OB, dado
que la formacion de pseudofilopodios estan relacio-
nados con procesos de migracién y regeneracion ésea.
Asimismo, en estudios previos se ha descrito que la es-
timulacion eléctrica induce cambios morfoldgicos ge-
nerales en hOB, como alteraciones en la forma celular
y reorganizacién del citoesqueleto, lo que refuerza la
idea de que la morfologia de los osteoblastos respon-
de a estimulos eléctricos (21).

Basandose en trabajos previos, se plantea la hipotesis
de que la estimulacion con corriente continua posi-
blemente aumenta la concentracion de calcio extrace-
lular y promueve la sefalizacién celular, asi como la
expresion de diferentes proteinas de adhesion celular
y otros marcadores de la matriz extracelular (como
vinculina, fosfatasa alcalina, osteocalcina, etc.), lo que
acelera el crecimiento y la maduracion progresiva de
los osteoblastos.

A partir de los estudios previos, se propone que la es-
timulaciéon con corriente continua podria elevar los
niveles de calcio en el espacio extracelular y activar di-
versas rutas de sefalizacion celular (16). Este estimulo
favoreceria también la produccion de proteinas impli-
cadas en la adhesion celular y en la matriz extracelular,
la fosfatasa alcalina y la osteocalcina, contribuyendo
asi a acelerar tanto la proliferacién como la madura-
cién progresiva de los osteoblastos (22).

La fortaleza del estudio es el uso de hOB primarios
como modelo de investigacién, evitando los cambios
genéticos que presentan las lineas celulares convencio-
nales, por otro lado, el sistema de estimulacién esta to-
talmente controlado y regulado por andlisis integrados.
En modelos de fractura 6sea, la estimulacion eléctrica
ha demostrado mejorar la calidad 6sea, evidenciando-
se en un aumento de la densidad mineral y resistencia
mecanica del hueso fracturado, lo que apoya la aplica-
bilidad de estimulacién eléctrica en estudios de regene-
racion ésea (23). Las limitaciones principales son: por un
lado, el pequefo tamafo muestral y el hecho que sean
2 varones y 2 mujeres que no nos permitié hacer estu-
dios separados por sexo y, por otro lado, la duracién li-
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mitada del estudio (10 dias) que viene determinada por
la dificultad de mantener los cultivos hOB y la ausencia
de analisis de mineralizacién tardia.

Los resultados muestran tres conclusiones: a) mejo-
ria de la proliferacion y expansion del area celular a
500 mV (pero reduccién de densidad a 750 mV); b) au-
mento de la actividad de ALP con el tiempo, particular-
mente significativo al dia 10 en ambos voltajes frente
al control; y ¢) incremento significativo de la seiial de
osteocalcina (OCN) a 500 mV, sin cambios relevantes
en numero ni longitud maxima de pseudofilopodios
respecto a control.

Se concluye que la estimulacion alterna a 10 Hz y
500 mV mejora proliferacion, expande el area celulary
potencia la maduracién (OCN) osteoblastica, siendo la
condicion éptima y recomendable para estudios poste-
riores en modelos de animales y humanos.
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Abstract

Background: Gaucher disease (GD) is caused by mutations in the GBAT gene that result in lysosomal accumulation of
glucosylceramides. Bone manifestations associated with GD include Erlenmeyer flask deformity, osteopenia, osteoscle-
rosis, osteonecrosis, and bone pain. Although osteoblast function has previously been evaluated in GD, no studies have
assessed osteoblast function under mechanical stimulation.

Objectives: we aimed to generate an in vitro osteoblastic cellular model of GD and to evaluate the effect of mechanical
stimulation on the function of this model.

Material and methods: GBAT was knocked out using CRISPR/Cas9, and two ROS17/2.8 clones with no detectable
GBA1 enzymatic activity were selected. ROS wild-type (wt) and ROS-Gbha7KO cells were plated and subjected to mecha-
nical stress using laminar fluid flow at a shear stress of 10 dynes/cm” and 8 Hz for 10 minutes in a Flexcell® Streamer®
Shear Stress Device. The remaining cells were maintained under static conditions. Cells were then cultured in fresh
medium for an additional 18 hours before RNA extraction and quantitative polymerase chain reaction (qPCR) analysis
of osteoblastic biomarkers. Cell viability and proliferation were assessed throughout the experiment, with no significant
differences observed among the experimental conditions.

Results: as expected, mechanical stimulation induced osteoblast differentiation in all cell lines tested, as demonstrated
by increased mRNA expression of Runx2 and Bglap (osteocalcin). However, Opg (osteoprotegerin) expression was sig-
nificantly reduced in KO cells compared with control cells.

Conclusions: loss of GBAT activity reduces osteoprotegerin expression in mechanically stimulated osteoblast models,
suggesting disruption of osteoblast-osteoclast crosstalk and consequent impairment of bone remodeling in GD.
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FAILURE OF THE MECHANICAL RESPONSE AS A CELL-INTRINSIC EFFECT IN OSTEOBLASTIC CELL LINES WITH GBA1 MUTATIONS

USED AS MODELS OF GAUCHER BONE DISEASE

INTRODUCTION

Gaucher disease (GD; OMIM #230800; ORPHA355) is a
rare autosomal recessive genetic disorder caused by bi-
allelic pathogenic variants in the GBAT gene (GRCh37/
hg19 chromosome 1: 155,204,239-155,214,653), result-
ing in deficient glucocerebrosidase activity (GCase; EC
3.2.1.45; GBAT) and accumulation of glucosylceramide
(GlcCer) and its deacylated metabolite glucosylsphin-
gosine (GlcSph) in lysosomes of cells of the monocyte/
macrophage system (1).

The characteristic signs of the disease, including sple-
nomegaly, hepatomegaly, cytopenias, and bone le-
sions, are attributable to infiltration by Gaucher cells
in the spleen, liver, and bone marrow, respectively (2).
Gaucher cells are enlarged macrophages containing
expanded lysosomes caused by accumulation of the
undegraded substrate glucosylceramide. These cells
damage the tissues in which they accumulate and ex-
hibit increased activity of several lysosomal acid hy-
drolases, including acid phosphatase, angiotensin-con-
verting enzyme (ACE), and lysozyme. In addition, one
of the most characteristic features of Gaucher cells is
their ability to release the enzyme chitotriosidase and
numerous cytokines (3). GlcCer can be metabolized by
acid ceramidase to glucosylsphingosine (GlcSph), accu-
mulation of which is a characteristic consequence of
GCase deficiency. GlcSph is subsequently metabolized
to sphingosine, and high concentrations of this me-
tabolite are toxic to bone and may contribute to neu-
ronal dysfunction and death (4). The Gaucher disease
phenotype is heterogeneous, but three clinical forms
have traditionally been distinguished according to the
severity of neuronopathic involvement: nonneurono-
pathic GD (GD1; OMIM 230800), acute neuronopathic
GD (GD2; OMIM 230900), and chronic or subacute neu-
ronopathic GD (GD3; OMIM 231000) (5-7).

Type 1 Gaucher disease (GD1) encompasses a broad
spectrum of clinical severity, ranging from affected in-
fants to asymptomatic adults. GD1 is also associated
with numerous musculoskeletal signs, including bone
marrow infiltration by Gaucher cells, bone infarction,
recurrent avascular osteonecrosis, microvascular oc-
clusion within bone, cortical thinning, impaired bone
remodeling, osteolytic lesions, and reduced bone min-
eral density. These abnormalities can result in bone
pain, increased susceptibility to fractures, joint dam-
age with secondary osteoarthritis, bone deformity,
and disability, thereby impairing patients’ quality of
life and occasionally necessitating orthopedic surgery.
Imaging studies have demonstrated bone involvement
in up to 90 % of patients with Gaucher disease. One of
the most characteristic skeletal findings is Erlenmeyer
flask deformity, with the femur being among the most
frequently affected bones (8,9).

GD1 is the most common form of the disease and is
associated with skeletal signs in up to 80 % of pa-
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tients, substantially reducing quality of life. Bone in-
volvement may be limited to asymptomatic defective
remodeling, such as Erlenmeyer flask deformity. Bone
remodeling depends on crosstalk between bone-form-
ing osteoblasts and bone-resorbing osteoclasts and is
essential for maintaining bone homeostasis. Mechan-
ical stimulation plays an important role by activating
osteoblasts to produce osteoprotegerin (Opg), which
protects against osteoclast-mediated bone resorption
(10,11). Bone involvement in GD may also include
medullary and corticocancellous infarcts, pathologi-
cal fractures, osteonecrosis of the humeral or femoral
heads, and vertebral collapse (12-14). However, the
precise mechanisms underlying bone pathophysiology
in GD remain unclear.

Lysosomes, as components of the autophagy pathway,
play important roles in regulating osteoblast differ-
entiation and osteoclast maturation (15). Autophagy
protects osteoblasts from apoptosis and may be critical
for osteogenic differentiation and bone formation.

In this study, we aimed to generate osteoblast-like cells
harboring loss-of-function mutations in the Gba7 gene
using CRISPR/Cas9 and to evaluate their intrinsic re-
sponse to mechanical stimulation to broaden our un-
derstanding of the skeletal phenotype in GD.

MATERIALS AND METHODS

GENERATION OF Gba71KO MODELS USING
CRISPR/Cas

The rat osteosarcoma cell line ROS17/2.8 (RRID:
CVCL_0508) was used as a model of osteoblast-like
cells in its wild-type and Gbal knockout (ROS-Gba-
1KO) forms. Gbal editing was performed at the Or-
ganelle Homeostasis Laboratory of TIGEM (Naples,
Italy) using the pSpCas9(BB)-2A-GFP (PX458) plasmid
and a Sigma-Aldrich synthetic guide RNA (RN00064-
0684536; sgRNA) targeting exon 3 of the GbaTl gene
(Supplementary Table | - https://www.revistadeosteo-
porosisymetabolismomineral.com/files/533/ADMA1-
00122-02.pdf). For guide selection, off-target site pre-
diction was performed using Benchling (https://www.
benchling.com/) (Supplementary Table Il - https:/
www.revistadeosteoporosisymetabolismomineral.
com/files/533/ADMA1-00122-02.pdf). The sgRNA was
cloned into the pSpCas9(BB)-2A-GFP vector according
to the protocol described by Ran et al. (16) After the
sgRNA had been cloned and tested, cells were seeded
1 day before transfection in 6-well plates (3.5 x 10°
cells/well). Reverse transfection was performed using
2500 ng of pSpCas9 plasmid containing sgRNA, 7.5 pL
of Lipofectamine™ 3000, and 5 pL of Lipofectamine™
P3000 reagent (Invitrogen-Thermo Fisher Scientific,
United States), according to the manufacturer’s in-
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structions for use. After 48-72 hours, the edited cell
pool was subjected to single-cell sorting by flow cy-
tometry (BD Biosciences LSR Il flow cytometer, San
Jose, CA, United States). Cells derived from individual
clones were expanded to obtain sufficient numbers
for DNA extraction and identification of edited clones
by Sanger sequencing. Edited clones predicted to gen-
erate KO proteins were analyzed by western blotting
to confirm loss of GCase expression, and GCase activity
was measured in selected clones.

CELL CULTURES

ROS wt and ROS-GbaTKO cells were cultured and main-
tained in DMEM/F-12 medium (Gibco) containing 10 %
fetal bovine serum (Gibco; origin: Brazil) and 1 % pen-
icillin/streptomycin (Gibco) as complete medium, in a
humidified atmosphere containing 5 % CO, at 37 °C.
Osteoblast viability was assessed using the MTT assay
(Sigma). Briefly, 80,000 cells were cultured in 24-well
plates for 3 days, after which MTT reagent was added
at a final concentration of 0.45 mg/mL. Absorbance
was measured at 560 nm after incubation at 37 °C for
4 hours. Three independent replicates were performed.

WESTERN BLOT

To evaluate GCase expression levels, cells were washed
once with phosphate-buffered saline (PBS) and lysed
in RIPA buffer using cell scrapers. Protein extracts
were quantified using the Pierce™ BCA Protein Assay
Kit (Thermo Fisher Scientificc Waltham, MA, United
States). Proteins (20 pg/lane) were separated by sodi-
um dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to a hydrophobic polyvi-
nylidene fluoride (PVDF) membrane (Merck-Millipore,
Burlington, MA, USA). A primary antibody against
GCase/GBA (2 pg/mL; GBA 2E2 WHO0002629M1, Sig-
ma-Aldrich, St. Louis, MO, United States) was used,
and an antibody against actin (1:200; A2066, Sig-
ma-Aldrich, St. Louis, MO, United States) served as the
loading control. Membranes were developed using a
peroxidase-conjugated anti-rabbit IgG secondary anti-
body (A0545), diluted 1:10,000, for GCase/GBA and ac-
tin detection. Each quantification was obtained from
an independent experiment, for a total of 3 experi-
ments per biological replicate.

GLUCOCEREBROSIDASE ENZYMATIC
ACTIVITY

Glucocerebrosidase (GCase) enzymatic activity was
measured using the fluorogenic substrate 4-methy-
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lumbelliferyl-B-D-glucopyranoside (Sigma-Aldrich, St.
Louis, MO, United States). Total protein concentra-
tion in cell lysates was determined using the Brad-
ford assay (Bio-Rad, Hercules, CA, United States), ac-
cording to the manufacturer’s instructions for use. In
each well of a 96-well plate, 24 pL containing 24 g
of protein was incubated at 37 °C for 30 minutes.
Subsequently, 100 pL of Mcllvaine buffer (150 mM
citrate-Na,HPO, solution; 0.2 % taurocholate; 0.1 %
Triton X-100; 0.1 % BSA; 1.25 mg/mL substrate; pH
5.2) was added, and the plate was incubated again
at 37 °C for 30 minutes. The reaction was stopped
with 0.3 M NaOH-glycine buffer, pH 10.4, and the
fluorescent product was quantified using a fluorim-
eter (Thermo Scientific Fluoroskan Ascent FL Micro-
plate Fluorimeter and Luminometer) at an excitation
wavelength of 365 nm and an emission wavelength
of 495 nm. Quantification was performed relative to
readings obtained without substrate addition (blank).
Values below the blank were reported as 0. This assay
was performed once for each selected clone.

FLUID-FLOW ASSAY

ROS wt and ROS-GbaTKO cells were plated at 2 x 10*
cells/em? on collagen-pretreated glass slides (Flex-
Cell, Hillsborough, NC, United States) and cultured
in complete DMEM/F-12 medium. After 24 hours of
incubation, half of the cells were subjected to me-
chanical stress by laminar fluid flow (FF) at a shear
stress of 10 dynes/cm? and 8 Hz for 10 minutes us-
ing a Flexcell® Streamer® Shear Stress Device. The
remaining cells were maintained under static con-
ditions (SC). Cells were subsequently cultured in
fresh medium for an additional 18 hours before
RNA extraction and gqPCR analysis (Supplementary
Table | - https://www.revistadeosteoporosisymetab-
olismomineral.com/files/533/ADMA1-00122-02.pdf).
During the procedure, cell viability and prolifera-
tion were assessed, with no significant differences
observed among the experimental conditions. Brief-
ly, non-adherent cells were collected and pooled
with trypsinized adherent cells and counted using a
Neubauer chamber. The number of viable cells and
cell viability were determined using the trypan blue
exclusion assay, in which refractile cells were consid-
ered viable, whereas cells showing intracellular blue
staining were considered nonviable. Three indepen-
dent replicates were performed.

RT-qPCR

Total RNA was extracted from ROS wt and KO cells
subjected to FF or SC using the High Pure RNA Iso-
lation Kit (Roche, Basel, Switzerland), according to
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the manufacturer’s recommendations. Two micro- were used, as appropriate. Data are expressed as mean
grams of RNA were reverse transcribed using the + SD and are representative of three or more indepen-
High-Capacity cDNA Reverse Transcription Kit (Ap- dent experiments.

plied Biosystems, Foster City, CA, United States),
followed by RT-gqPCR using LightCycler® 480 Probes
Master (Roche, Basel, Switzerland) in a LightCycler®
480 system (Roche, Basel, Switzerland), according to
the manufacturer’s protocol. Primers were designed RESULTS
from available mouse and rat sequences using Prim-

er3 software (Supplementary Table | - https://www.
revistadeosteoporosisymetabolismomineral.com/ GENERATION OF Gba1 GENE KNOCKOUT

files/533/ADMA1-00122-02.pdf). Mouse and rat Gap- IN OSTEOBLAST-LIKE CELL LINES

dh genes were used as internal controls. The com-

parative threshold cycle (Ct) method was used for We generated and characterized Gbal knockout
data analysis, with results expressed as 2-ACt. Three rat osteosarcoma cell lines (ROS-Gba7KO) as puta-
independent experiments were performed for each tive osteoblast-like cellular models of GD. Two KO
biomarker. clones were obtained from ROS cells. The first clone

(ROS-Gba1KO1) carried a homozygous 2-nucleotide
frameshift deletion (NM_001127639.1:c.256_257del;
p.Leu86AsnfsTer44), whereas the second clone

STATISTICAL ANALYSIS (ROS-Gba1K02) carried a homozygous 1-nucleotide
frameshift deletion (NM_001127639.1:c.258del; p.Le-
Statistical analyses were performed using Graph- u87ProfsTer11) (Fig. 1A). These deletions were vali-
Pad Prism, version 8 (GraphPad Software, San Diego, dated by Sanger sequencing (Supplementary Fig. 1 -
CA, United States). Unpaired and paired t tests, the https://www.revistadeosteoporosisymetabolismom-
Mann-Whitney U test, or analysis of variance (ANOVA) ineral.com/files/533/ADMA1-00122-02.pdf).
A

6.15 %b Fonverd strand g

Gbal-201 - ENSRNOT00085043154 >
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Figure 1. Generation and characterization of Gaucher osteoblastic models. A. Schematic representation of the Rattus norvegicus Gbal
gene showing the locations of the mutations. The ROS-Gba1KO1 clone carries a homozygous 2-nucleotide deletion (256-257), whereas
the ROS-Gba 1K02 clone carries a homozygous 1-nucleotide deletion (258). B. Western blot analysis of GCase expression in ROS cells
(wt and KO). The KO clones showed markedly reduced GCase expression compared with wt cells. C. GCase enzymatic activity in ROS cells
(wt and KO). GCase enzymatic activity was markedly reduced in the selected KO clones compared with wt cells. Results correspond

to one biological replicate for each cell type.
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ROS-Gba1KO cells showed no detectable GCase pro-
tein expression, as determined by western blotting
(Fig. 1B), and exhibited < 1 % residual GCase enzymat-
ic activity (Fig. 1Q).

FUNCTIONAL CHARACTERIZATION
OF GENERATED KO OSTEOBLASTS UNDER
MECHANICAL STIMULATION

First, we assessed cell viability and proliferation and
observed no significant differences between the KO
clones and the wild-type cell line (Fig. 2).

Given the well-established anabolic effects of mechan-
ical stimuli on bone, we analyzed the response of KO
cells to mechanical stimulation and compared it with
that of wt cells. Mechanical stimulation induced a sig-
nificant increase in Runx2 and Bglap mRNA expression
in all cell types, with no significant differences between
KO and wt cells. However, for Runx2, a statistically sig-
nificant difference was detected between wt cells and
one KO line (ROS-Gba71K02) under static conditions.
In contrast, Opg expression showed a distinct pattern:
wt cells exhibited a 3-fold increase after mechanical
stimulation, whereas this stimulatory effect was sig-
nificantly attenuated or absent in KO cells (Fig. 2).

DISCUSSION

In this study, we aimed to generate and characterize an
osteoblast-like cell model of GD to investigate mecha-
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nisms underlying the skeletal manifestations associat-
ed with the disease. We used CRISPR/Cas9 gene editing
to generate GbaTknockouts in rodent bone cell lines
because rodents do not harbor the GBA pseudogene.
After validating the models, we evaluated the re-
sponse of these Gbal knockout cells to mechanical
stimulation by measuring the expression of osteoblas-
tic biomarkers.

To assess osteoblast function in ROS-Gba71KO cells, we
analyzed the expression of Runx2, Bglap, and Opg,
which are specifically involved in osteoblast differen-
tiation and function. In our mechanical loading ex-
periments, no consistent differences were observed in
either Runx2 or Bglap expression compared with wt
cells, either before or after mechanical stimulation.
These markers represent distinct aspects of osteoblast
differentiation and function. Runx2 is a transcription
factor that plays an essential role in osteoblast differ-
entiation and expression of osteoblast-specific genes.
It is crucial for commitment of mesenchymal stem cells
to the osteoblast lineage and positively regulates ear-
ly stages of osteoblast differentiation; accordingly,
it is considered an early marker of osteoblast differ-
entiation. Osteocalcin (Bglap) is a hormone secreted
primarily by osteoblasts and is thought to contribute
to systemic metabolic regulation. It is expressed by
mature osteoblasts and therefore represents a mark-
er of later-stage differentiation. Finally, osteoprote-
gerin (Opg) is secreted by osteoblasts and acts as a
decoy receptor that binds specifically to Rank/. Bind-
ing of Rankl to its receptor Rank on the membrane of
osteoclast precursors is essential for osteoclast forma-
tion and activation. Osteoprotegerin regulates bone
remodeling by reducing osteoclast formation and
is therefore used as a marker of osteoblast function
(10,17-19).
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Figure 2. Mechanical stimulation assay (fluid flow) in ROS-Gba TKO cell models. A. mRNA expression of osteoblastic markers after mechanical
stimulation. Results are expressed as mean + SD of 3 independent experiments. B. Cell viability. MTT assay results are expressed as mean + SD
of three independent experiments. *p < 0.05; **p < 0.001. SC, static control; FF, fluid flow (mechanically stimulated sample).
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Former in vitro studies investigating osteoblast function
in GD have reported conflicting results. Several studies,
including those using induced pluripotent stem cell-de-
rived osteoblasts, osteoblast-like cell lines treated with
the glucocerebrosidase inhibitor conduritol-B-epox-
ide (CBE), or cells obtained directly from patients with
GD, have reported impaired osteoblast function, with
significantly reduced expression of biomarkers such
as Runx2, Alp, Col1, and Bglap (20-22). In contrast, Le-
court et al. (23), using an in vitro model of CBE-treated
and untreated mesenchymal stem cells (MSCs), observed
impaired proliferation in treated compared with un-
treated MSCs. However, when osteoblast differentiation
was assessed by measuring Runx2 and Osterix mRNA ex-
pression, no significant differences were found between
treated and untreated cells after seven days of culture in
osteogenic medium. Similarly, studies of samples from
cohorts of untreated patients with type 1 GD found no
statistically significant differences in bone biomarkers
such as osteocalcin and bone alkaline phosphatase iso-
enzyme (24,25), or osteocalcin, bone-specific alkaline
phosphatase, N-telopeptide cross-links, and deoxypyr-
idinoline (D-PYD) (26), which remained within the nor-
mal range compared with the respective controls. Our
findings showing no differences in osteoblastic mRNA
biomarkers between disease-model and control cells are
consistent with these observations.

With regard to osteoblast proliferation defects, sever-
al studies have consistently reported decreased prolif-
eration in both animal and cellular models of Gaucher
disease (21-23,27). Given the essential role of the Wnt
signaling pathway in osteoblastogenesis (28), it is not
surprising that abnormalities in this pathway have
been reported in several models (21,23,29), potential-
ly accounting for the observed proliferation defects. In
the present study, we did not observe clear alterations
in proliferation in our ROS KO cell lines, possibly be-
cause of their osteosarcoma origin, immortalized phe-
notype, and in vitro culture conditions.

Our Gaucher bone cell models have several limitations,
primarily related to their origin as transformed cell
lines and their maintenance as isolated monocultures.
These characteristics preclude assessment of cell-cell
interactions and do not fully reproduce the physiolog-
ical processes observed in animal models, potentially
limiting their usefulness as comprehensive models of
Gaucher disease. Nevertheless, these systems are easy
to maintain and, importantly, allow investigation of
intrinsic cell type-specific mechanisms contributing
to the skeletal phenotype. Future studies combining
these cell lines in coculture systems to more closely
reproduce the bone microenvironment may enable
more accurate cellular characterization and facilitate
drug testing.

Our principal finding was that osteoblasts used as

Gaucher disease models failed to upregulate osteo-
protegerin in response to mechanical stimulation,
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whereas wild-type osteoblasts significantly increased
expression of this marker. To our knowledge, this
represents a novel finding. We hypothesize that the
absence of Opg activation may partly explain the
impaired crosstalk described between Gaucher bone
cells, in which osteoblasts affected by Gaucher disease
promote greater osteoclast differentiation (30,31).
Reduced Opg expression would decrease competitive
inhibition of the Rank-Rankl interaction required for
osteoclast differentiation, ultimately disrupting bone
homeostasis (32).

CONCLUSIONS

Within the context of our cellular model, these find-
ings suggest impaired osteoblast-osteoclast crosstalk
mediated by osteoprotegerin, which may disrupt bone
remodeling and partly explain the skeletal phenotype
observed in Gaucher disease.
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Abstract

Keywords: Ectopic parathyroid glands pose a significant challenge in the diagnosis and management of primary hyperparathy-
Primary roidism, particularly when minimally invasive parathyroidectomy is planned, because its success depends heavily on
Ezt%e;igarathymidism' accurate preoperative localization. Ectopic parathyroid adenomas in the submandibular region are exceptionally rare,
submandibular and their surgical management may require conversion to bilateral open exploration or subsequent reoperation because
pgrathyroid of persistent disease.

f}lsgsocr)?]igraphy_ Prompted by a complex clinical case, this narrative review examines the current literature on ectopic submandibular
*#mTc-sestamibi parathyroid adenomas, with particular emphasis on diagnostic strategies, imaging modalities, and surgical considerations.

scintigraphy. SPECT/
CT. "®F-fluorocholine . . . .
PET/CT. even in challenging ectopic presentations.

The findings underscore the critical importance of precise preoperative localization for successful targeted resection,
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NARRATIVE LITERATURE REVIEW OF ECTOPIC PARATHYROID ADENOMA IN THE SUBMANDIBULAR REGION FOLLOWING

A CASE DETECTED BY "®F-FCH PET/CT

INTRODUCTION

Primary hyperparathyroidism (PHPT) is caused by in-
creased activity of the parathyroid glands resulting
in excessive secretion of parathyroid hormone (PTH).
Most cases are caused by a single adenoma (85 %), of
which 5 %-20 % are ectopic (1-4), and, less frequently,
by hyperplasia of all 4 glands (10 %-15 %) (2,5-7). PHPT
has an approximate prevalence of 1 % in the general
population, with a female-to-male ratio of 3-4:1, and
typically affects middle-aged women between 40 and
60 years of age (3,6-8). It is the third most common
endocrine disorder after diabetes mellitus and thyroid
disease (2,3,5,7).

The diagnosis of PHPT is biochemical and is often es-
tablished incidentally after hypercalcemia is detected
on repeated laboratory testing, regardless of the pres-
ence of clinical symptoms suggestive of the disease. Si-
multaneous elevation of serum calcium and PTH levels
is required for diagnosis.

The curative treatment for PHPT is surgical removal of
the affected parathyroid gland or glands. Once PHPT
has been diagnosed, surgery is considered in patients
who meet the criteria established by European and
US guidelines (9-11). Preoperative imaging to localize
hyperfunctioning parathyroid glands is indicated only
when surgical treatment is planned.

Traditionally, surgery consisted of standard bilateral
cervical exploration (BCE), with the aim of identifying
all 4 parathyroid glands. Surgical management has now
evolved toward a more targeted approach, namely
minimally invasive parathyroidectomy (MIP), for which
precise preoperative localization plays a fundamental
role. MIP reduces pain and complications, shortens op-
erative time and hospital stay, lowers healthcare costs,
and provides better cosmetic outcomes (2,6).

The combination of **™Tc-sestamibi scintigraphy and ul-
trasonography is currently considered a standard first-
line approach for localization of parathyroid adenomas
(6). However, when findings are negative, uncertain, or
discordant, guidelines recommend additional imaging
techniques according to local availability, including sin-
gle-photon emission computed tomography/comput-
ed tomography (SPECT/CT), 4-dimensional computed
tomography (4D-CT), or magnetic resonance imaging
(4D-MRI) (9,10). More recently, PET/CT with '®F-fluoro-
choline (*®F-FCH PET/CT) has been increasingly used for
localization of parathyroid adenomas.

Ectopic localization of a parathyroid adenoma in the
submandibular triangle is uncommon and represents a
diagnostic and surgical challenge (12). Despite its com-
plexity, adequate preoperative radiologic localization
and intraoperative tools such as intraoperative PTH
(ioPTH) monitoring can enable effective MIP even in
these atypical ectopic cases. We present the case of a pa-
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tient with persistent PHPT after previous BCE, without
postoperative normalization of calcium or PTH levels, in
whom an occult ectopic adenoma was suspected.

MATERIAL AND METHODS

STUDY DESIGN

We conducted a narrative literature review to analyze
the available scientific evidence on ectopic parathy-
roid adenomas in the submandibular region.

INFORMATION SOURCES

The literature search was performed in PubMed/MED-
LINE. Articles published up to July 2025 were included.

SELECTION CRITERIA

Included: Original articles, reviews, meta-analyses, and
case reports.

Excluded: Articles for which the full text was unavail-
able and studies not relevant to the topic.

SEARCH STRATEGY

The following MeSH terms and keywords were used:
primary hyperparathyroidism; submandibular ecto-
pic parathyroid adenoma; ultrasound; **™Tc-sestamibi
scintigraphy; SPECT/CT; and '8F-fluorocholine PET/CT.
The Boolean operators AND and OR were used to com-
bine search terms.

DATA EXTRACTION

The following data were collected from each article:

— Article title, first author, city, year of publication,
and reference.

— Study design and sample size.

— Main results relevant to the topic, including num-
ber of surgical procedures, preoperative imaging,
surgical technique, time to case resolution, compli-
cations, and conclusions.

DATA SYNTHESIS

The extracted data were organized descriptively in
tabular form to summarize and compare the findings
of the different studies (Table I).
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CASE REPORT

A 42-year-old White woman presented to her primary
care physician with dizziness and generalized weakness
of 3 days’ duration. Her past medical history included
hypertension treated with hydrochlorothiazide. Phys-
ical examination findings and vital signs were unre-
markable. Laboratory testing revealed hypercalcemia,
with a protein-corrected calcium level of 10.3 mg/dL.

Further evaluation showed phosphorus, 2.5 mg/dL;
PTH, 156 pg/mL; vitamin D, 43 ng/mL; and thyroid-stim-
ulating hormone, 1.6 plU/mL. A 24-hour urine collec-
tion showed hypercalciuria (486 mg/24 h). The patient
was referred to the Department of Endocrinology.

Targeted history taking confirmed symptoms com-
patible with PHPT, including arthralgia, asthenia, and
dizziness. The patient had no history of pathological
fractures but reported 2 episodes of nephrolithiasis
2 years earlier. Abdominal ultrasonography and radi-
ography ruled out current nephrolithiasis. Bone den-
sitometry showed lumbar and femoral z-scores within
the normal range for her age and sex.

INVESTIGATIONS AND DIFFERENTIAL
DIAGNOSIS

The patient’s evaluation began after the incidental
detection of hypercalcemia. The differential diagnosis
included PHPT, malignancy-associated hypercalcemia,
vitamin D intoxication, chronic kidney disease, medi-
cations such as thiazides and lithium, familial hypocal-
ciuric hypercalcemia, and granulomatous diseases such
as sarcoidosis and tuberculosis (11).

After correction of concomitant vitamin D deficiency
with monthly calcifediol and discontinuation of hydro-
chlorothiazide, repeated laboratory testing showed
persistent abnormalities: calcium, 10.4 mg/dL; PTH,
128 pg/mL; and urinary calcium, 594 mg/24 h. These
findings confirmed PHPT after secondary causes had
been excluded.

The patient met European and US criteria for surgery
because of her age and persistent hypercalcemia (9-
11). Surgical treatment was proposed and accepted.
Initial imaging with cervical ultrasonography and
99mTc-sestamibi SPECT/CT was negative. Endoscopic ul-
trasonography identified a possible 4-mm left inferior
parathyroid adenoma adjacent to the vascular bundle.

The patient underwent bilateral neck exploration. The
left side was explored first without identification of a
lesion. Exploration then proceeded to the right side,
where a 2-cm nodule was excised and sent for histo-

N. ORTEGA BELTRA ET AL.

pathological examination. Intraoperative PTH mon-
itoring showed no decrease (baseline PTH, 135 pg/
mL; ioPTH, 165 pg/mL; percentage decrease, —-1.85 %),
prompting extended exploration of the retroesopha-
geal, thymic, thyroid capsular, and vascular compart-
ments without further findings. Because a mediastinal
ectopic adenoma was suspected, the procedure was
concluded. Postoperative calcium remained elevated
at 10.7 mg/dL. Histopathological examination identi-
fied the excised tissue as a reactive lymph node.

The patient was followed for 4 years. Laboratory
abnormalities persisted: calcium, 11.2 mg/dL; PTH,
197 pg/mL; and urinary calcium, 172 mg/24 h. Repeat-
ed imaging studies remained negative. During this pe-
riod, the patient experienced a new and more severe
episode of renal colic. Abdominal ultrasonography
confirmed a 2-mm calculus in the lower calyceal group
of the left kidney.

Given the need for definitive treatment, a newer pre-
operative imaging modality that had recently been in-
troduced in parathyroid surgery, '®F-FCH PET/CT, was
performed. This study identified a hypermetabolic le-
sion measuring 6 x 6 x 14 mm at left cervical level IIA
in the submandibular region, adjacent to the subman-
dibular gland (Fig. 1).

In the clinical context of this patient, visualization of a
hypermetabolic focus in the submandibular region sug-
gested an ectopic parathyroid adenoma. The differen-
tial diagnosis included reactive lymphadenopathy, sali-
vary gland tumors, and superior thyroid lesions. These
alternatives were excluded by fine-needle aspiration
and PTH measurement in the aspirate, supporting the
diagnosis of an ectopic parathyroid adenoma.

TREATMENT

Revision surgery was performed. Intraoperatively,
a brownish nodule located posterior and caudal to
the left submandibular gland and corresponding to
the imaging findings was excised. ioPTH monitoring
showed a > 50 % decrease (baseline PTH, 225 pg/mL;
ioPTH, 87.6 pg/mL). Histopathological examination
confirmed a 17-mm, 0.7-g parathyroid adenoma.

OUTCOME AND FOLLOW-UP

At 2 years postoperatively, the patient remains under
follow-up. Her clinical symptoms have improved, with
no further episodes of nephrolithiasis. Calcium and
urinary calcium levels are within the normal range
(8.5 mg/dL and 138 mg/24 h, respectively).

| Rev Osteoporos Metab Miner 2026;18(3):118-125 |
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Figure 1. An elongated nodular lesion measuring approximately 6 mm x 6 mm x 14 mm (AP x T x CC) is identified in the left
submandibular region at level lIA. The lesion is located posterior and inferior to the left submandibular gland, anterior to the vascular
bundle, and medial to the sternocleidomastoid muscle. It appears hyperintense in the arterial phase, with intense *°F-choline uptake,
suggestive of an ectopic parathyroid adenoma. No other lesions showing radiotracer uptake are identified. Physiological tracer uptake is
observed in the bone marrow, salivary glands, and thyroid gland. SUVmax values were 20.9 immediately after injection, 15.8 at 20 minutes,

and 15.9 at 60 minutes.

DISCUSSION

The parathyroid glands usually consist of 4 small oval
structures located on the posterior surface of the thyroid
gland. However, their position may vary, making local-
ization difficult in some patients, as occurred in the pres-
ent case. Ectopic localization has been reported in up to
20 % of cases (2-4). The most frequent ectopic locations
include the retroesophageal, thymic, carotid, mediasti-
nal, and intrathyroidal regions, whereas the submandib-
ular region is among the rarest sites (2,4,7,8).

This atypical high cervical or submandibular location
(< 1 %) can be explained by abnormalities in embry-
ological migration of the parathyroid glands. Such
lesions are often referred to as high cervical or un-
descended parathyroid adenomas and may resemble
lymph nodes or salivary gland lesions (2,4,12). Lee
et al. reported 16 high cervical adenomas among
5241 patients (0.3 %), only 1 of which was located in
the submandibular region. Fourteen occurred during
primary parathyroidectomy and 2 were identified at
reoperation. In this group, scintigraphy had a sensitivi-
ty of 67 %, and 9 patients required BCE (2).

| Rev Osteoporos Metab Miner 2026,18(3):118-125 |

Treatment of PHPT is surgical, and resection of the
hyperfunctioning parathyroid gland or glands is cu-
rative. Reoperation is relatively common in patients
with ectopic adenomas after failed initial surgery
(2,13). Axelrod et al. reported 3 ectopic submandibu-
lar adenomas identified only during revision surgery
(6). Calcutt et al. described a case requiring 3 surgical
procedures before the submandibular adenoma was
identified (14). Accurate preoperative localization is
therefore crucial to minimize unnecessary surgical
exploration. Aboisheva et al. reported the case of
an 84-year-old woman who underwent years of con-
servative medical management without normaliza-
tion of calcium levels because the pathological focus
could not be identified (7).

Conventional imaging modalities, including scintig-
raphy and ultrasonography, have reported sensitiv-
ity and specificity rates of approximately 70 %-80 %
for adenoma detection (3-5,15-18). In the 20 %-30 %
of patients with negative findings, more advanced
imaging techniques may be required. "F-FCH PET/
CT combines functional and anatomical imaging and
provides greater spatial resolution with shorter acqui-
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sition times and potentially lower radiation exposure.
Despite its greater cost and limited availability, it has
shown promising diagnostic performance. A 2019 me-
ta-analysis reported a sensitivity of 95 %, positive pre-
dictive value of 97 %, and detection rate of 91 % for
'8F-FCH PET/CT (19), potentially avoiding unnecessary
bilateral exploration in 75 %-87 % of cases (20).

The present case illustrates a rare ectopic submandibu-
lar adenoma diagnosed after years of persistent PHPT
and unsuccessful surgery. Conventional imaging was
nondiagnostic, whereas '8F-FCH PET/CT provided pre-
cise localization and enabled curative surgery.

Few cases of parathyroid adenoma in the submandib-
ular region have been published. Our literature review
identified 14 articles indexed in PubMed, the earliest
dating from 1997 (Table I). In most reported cases, the
adenoma was detected using conventional imaging or
SPECT/CT (1,4,21-26). Only 2 published cases described
identification of a submandibular adenoma using PET/
CT: 1 with an ""C-choline tracer (18) and another with
'8F-choline (26). We report an additional case of a
submandibular parathyroid adenoma localized using
'8F-FCH PET/CT after neither **™Tc-sestamibi scintigra-
phy with SPECT/CT nor cervical ultrasonography was
able to detect the lesion.

Identification of an ectopic submandibular adenoma
represents an exceptionally uncommon anatomical
presentation and can pose a substantial challenge for
the head and neck surgeon. Many of these patients
have already undergone unsuccessful bilateral explor-
atory surgery and have persistent hyperparathyroid-
ism, requiring revision surgery and thereby increasing
the risk of postoperative complications. More accurate
imaging modalities are therefore needed for preoper-
ative localization to enable targeted resection, even in
atypical ectopic cases such as the present one.

The use of '®F-FCH PET/CT for preoperative localiza-
tion in the surgical management of PHPT represents a
significant advance in patient safety and clinical care.
Its greater sensitivity and diagnostic accuracy allow
more targeted and less invasive surgical planning. This
may result in shorter operative times, a lower risk of
complications such as recurrent laryngeal nerve injury
and hypocalcemia, and faster recovery. Moreover, by
increasing the likelihood of successful initial surgery,
it may reduce the need for reoperation and thereby
improve clinical outcomes and patients’ quality of life.

CONCLUSIONS

The present case emphasizes the importance of sur-
gical management of PHPT to reduce associated mor-
bidity and potential complications. Rigorous clinical,

N. ORTEGA BELTRA ET AL.

biochemical, and radiological correlation is essential,
together with the surgeon’s awareness of the differ-
ent embryological migration patterns of the parathy-
roid glands and their possible anatomical variants. This
case also highlights the value of advanced preopera-
tive imaging techniques in optimizing surgical out-
comes, particularly in the context of minimally invasive
approaches. '®F-FCH PET/CT is a promising modality for
preoperative localization of ectopic parathyroid ade-
nomas. In the present case, it enabled accurate local-
ization and curative surgical treatment after conven-
tional imaging modalities had failed.

Finally, multidisciplinary clinical committees bringing
together specialists from different fields, including
endocrinology, otorhinolaryngology, radiology, and
nuclear medicine, are important for the discussion and
management of complex clinical cases.
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Resumen

Introduccion: las fracturas de sacro por insuficiencia representan una causa poco reconocida de dolor lumbar bajo en
pacientes con factores de riesgo para fragilidad 6sea. Su clinica insidiosa, sin antecedente traumatico, y la baja sensibi-
lidad de las radiografias simples dificultan su diagndstico.

Caso clinico: presentamos el caso de una mujer de 61 afios con menopausia precoz y antecedentes de anorexia ner-
viosa, que consultd por dolor lumbar bajo progresivo sin traumatismo previo. Fue diagnosticada mediante tomografia
computarizada (TC), resonancia magnética (RMN) y gammagrafia 6sea, siendo tratada de forma conservadora, incluyendo
un tratamiento osteoformador para la osteoporosis, con buena evolucion.

Discusion: el caso ilustra la necesidad de incluir esta entidad en el diagnéstico diferencial de lumbalgia persistente y
valorar opciones terapéuticas mas eficaces, como la fijacion mediante os teosintesis o la sacroplastia, en casos refrac-
tarios.
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FRACTURAS DE SACRO POR INSUFICIENCIA OSEA: DIAGNOSTICO OLVIDADO EN EL DOLOR LUMBAR

DEL ADULTO MAYOR

INTRODUCCION

Las fracturas por insuficiencia del sacro, incluidas en-
tre las fracturas por fragilidad, afectan predominan-
temente a pacientes con osteoporosis o con factores
predisponentes como menopausia precoz, corticotera-
pia o trastornos nutricionales (1). La presentacién clini-
ca inespecifica, sin antecedente traumatico evidente,
hace que estas fracturas pasen desapercibidas en fases
iniciales. El retraso diagnostico compromete el pronos-
tico funcional, por lo que resulta clave mantener un
alto indice de sospecha y emplear herramientas diag-
nosticas adecuadas (2).

CASO CLIiNICO

Paciente mujer de 61 afos, con antecedentes de me-
nopausia precoz (41 afos), anorexia nerviosa (IMC
17,6) y trastorno psicoafectivo en tratamiento con ari-
piprazol subcutaneo. Sin fracturas previas.

Consulta por dolor de tipo radicular en ambas sacroilia-
cas, irradiado a pierna izquierda, de dos semanas de evo-
lucién, exacerbado con la bipedestacion, movimientos
y carga de peso, desarrollando en urgencias retencion
urinaria y debilidad distal con caida del pie izquierdo.

No habia antecedentes de caida o esfuerzo significati-
vo. La clinica evolucioné a limitacién funcional severa,
sin respuesta a analgesia convencional.

La exploracién fisica mostré dolor a la palpacion lum-
bosacra y sobre las articulaciones sacroiliacas, con refle-
jo aquileo abolido en M|, sin alteracién de sensibilidad
superficial ni profunda y con fuerza conservada, salvo
leve disminucion en flexion y extension de cadera y fle-
xion de rodilla por falta de colaboracion por el dolor a
nivel lumbar. Resto de reflejos normales. Reflejo cuta-
neo plantar flexor derecho e indiferente izquierdo.

Las radiografias simples fueron anodinas. La tomogra-
fia computarizada (TC) revelé una fractura en el ala
sacra izquierda (Figs. 1y 2) y solicitdindose resonancia
magnética nuclear (RMN) de columna (Fig. 3) que mos-
tré fractura bilateral de alas sacras por insuficiencia
con angulacién anterior y aparente repercusion fo-
raminal S2-S3 con edema 6seo asociado, sin datos de
mielopatia (fractura tipo IVb segun la clasificacion de
Rommens-Hofmann), evidencidandose en gammagra-
fia 6sea una captacién en “H” tipica de esta entidad
(Fig. 4).

Se confirmé diagnéstico de osteoporosis con medicion
de densidad mineral ésea (DMO) por densitometria:
Columna lumbar 0,554 g/cm? (T score -4,5); cuello fe-
moral 0,385 g/cm? (T score -4.2) y fémur total 0,391
g/cm? (T score -4,5).
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Figura 2. Imagenes TAC en un corte coronal oblicuo.

Se desestimé la realizacion de procedimiento quirur-
gico por parte de Traumatologia, de forma consen-
suada con la paciente y familiares, teniendo en cuenta
fragilidad de la paciente, recomendando reposo rela-
tivo y ajuste de analgesia. Se inicié tratamiento para
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la osteoporosis con un osteoformador (Teriparatida
subcutanea diaria) para facilitar la consolidacién y an-
ticoagulaciéon profilactica para evitar complicaciones
trombédticas.

La paciente durante el seguimiento presenta buen
control del dolor, con TC al mes con trazo de fractura
con aspecto mas escleroso como signo de consolida-
cién. Inicialmente no se iniciaron ejercicios de rehabi-

Figura 3. Imagen RMN en una secuencia T2 con supresion
grasa.
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litacién activa para evitar desplazamientos, pero en
la actualidad recibe rehabilitacién con buena recupe-
racion funcional y adecuado control del dolor, por lo
que en este momento no se valora necesidad de tra-
tamiento intervencionista ni quirurgico. A los 18 me-
ses de seguimiento la paciente presenta importante
mejoria clinica, no tiene dolor y se ha recuperado to-
talmente en movilidad, no tiene limitacién funcional
para actividades de su vida diaria. También ha mejo-
rado la densitometria con un aumento significativo de
DMO en columna lumbar (0,792 g/cm?, T score -3,3);
cuello femoral (0,550 g/cm?, T score -3,6) y fémur total
(0,513 g/cm?,T score -4,1).

DISCUSION

El dolor lumbar bajo crénico y progresivo, en ausen-
cia de un antecedente traumatico claro, debe hacer
sospechar la posibilidad de fracturas por insuficiencia
del sacro, especialmente en pacientes con factores pre-
disponentes como osteoporosis avanzada, osteopenia,
anorexia, menopausia precoz, tratamiento prolonga-
do con corticoides o enfermedades reumatolégicas
como la artritis reumatoide (1,2). Debido al aumento
de la poblacién anciana, con mayor prevalencia de os-
teoporosis, las fracturas por insuficiencia sacra podrian
aumentar su incidencia. Sin embargo, esta patologia

Figura 4. Imagen gammagrafia 6sea.
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continua siendo infradiagnosticada, debido a que la
clinica suele ser inespecifica y la exploracion fisica no
aporta hallazgos patognomonicos (3,4).

En fases iniciales, la radiografia simple presenta un
rendimiento diagnoéstico limitado, ya que frecuente-
mente no permite visualizar el trazo de fractura. La
gammagrafia ésea constituye una herramienta muy
sensible, aunque poco especifica, siendo caracteristico
el hallazgo en “H"” o "H-sign"”, secundario a la capta-
cion bilateral en las alas sacras con afectacion transver-
sal del cuerpo (1,4). No obstante, la técnica de eleccion
es la RMN, que permite identificar precozmente el
edema 6seo y delimitar con precision el trazo de frac-
tura, convirtiéndose en el “Gold standard” diagnosti-
co (3). Por su parte, la tomografia computarizada ofre-
ce un excelente detalle de la morfologia 6sea y puede
confirmar la presencia de fracturas corticales (2).

En cuanto al abordaje terapéutico, el tratamiento con-
servador —basado en reposo relativo, analgesia multi-
modal y rehabilitacién precoz— puede ser efectivo en
casos estables y sin complicaciones neurolégicas.

En casos de dolor refractario, limitacion funcional
marcada, disociacién espéndilo-pélvica, afectacion
neurolégica o riesgo elevado de inmovilidad prolon-
gada, habria que valorar tratamiento quirtrgico con
fijacion mediante osteosintesis con o sin descompre-
sién neuroldgica con el objetivo de mejorar la esta-
bilizacion sacra y mejorar la clinica neurolégica, faci-
litando con ello la movilizacién precoz. Sin embargo,
es importante tener en cuenta que lo permita el esta-
do general del paciente y la fragilidad ésea, ya que la
propia anatomia del sacro y las lineas de fractura, en
pacientes con hueso osteoporético, dificultan la fija-
cién del material de osteosintesis, dando lugar a un
fracaso mecanico de los implantes, ademas del riesgo
de complicaciones locales como infecciones o lesiones
nerviosas iatrogénicas. Es por ello que algunos autores
defienden el tratamiento conservador en este tipo de
fracturas salvo compromiso neurolégico o inestabili-
dad de la columna (6-8).

Por otro lado, la sacroplastia (inyecciéon percuténea de
polimetilmetacrilato en el foco de fractura, guiada por
fluoroscopia o TC) ha demostrado ser una alternativa
terapéutica eficaz y segura (6,9). Diversos estudios y
metaanalisis han documentado una mejoria significa-
tiva del dolor (reduccion en la escala VAS), acompafia-
da de una recuperacion funcional mas tempranay una
menor tasa de complicaciones en comparacion con el
manejo conservador (4,9,10), si bien en nuestro caso
no estaria indicada por compromiso de los agujeros de
conjuncion.

Entre las posibles complicaciones de la sacroplastia se
describen la fuga de cemento 6seo hacia fordmenes
sacros o tejidos blandos y, en menor medida, feno-
menos de embolizaciéon. No obstante, su incidencia es
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baja y la mayoria de los reportes coinciden en que se
trata de un procedimiento con un perfil de seguridad
favorable (6-8).

En este contexto, la osteosintesis quirurgica y la sacro-
plastia debe considerarse una herramienta terapéutica
de creciente importancia, particularmente en pacien-
tes con dolor incapacitante, afectacién neuroldgica y
mala respuesta al tratamiento conservador (11).

Con el aumento progresivo de la esperanza de vida y
la mayor prevalencia de osteoporosis en la poblacién
general, es previsible que la incidencia de estas frac-
turas continle en ascenso, lo que hace imprescindible
reforzar la sospecha clinica, optimizar el diagnéstico
precoz mediante técnicas de imagen avanzadas y se-
leccionar adecuadamente la estrategia terapéutica
mas beneficiosa para cada paciente (1-12).

CONCLUSION

Las fracturas sacras por insuficiencia deben formar
parte del diagnostico diferencial de dolor lumbar per-
sistente en pacientes con osteoporosis o con factores
de riesgo de fractura por fragilidad.

El diagndstico requiere imagen avanzada, siendo la
RMN el gold standard. La osteosintesis quirdrgica o la
sacroplastia intervencionista son opciones validas en
casos refractarios al tratamiento conservador o con
compromiso neurolégico.
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