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RESUMO

As fraturas da diafise tibial representam uma das lesdes ortopédicas mais desafiadoras, com
consolida¢do retardada afetando 12—19% dos casos, apesar dos avangos no manejo cirurgico por
haste intramedular fresada. Nesse contexto clinico, a melatonina emergiu como candidato
terapéutico atraente em razao de suas propriedades pleiotropicas, potente atividade antioxidante,
efeitos anti-inflamatorios e agdes osteogénicas diretas. Investigagdes pré-clinicas demonstraram de
forma consistente a capacidade pro-formadora de osso da melatonina, com aplica¢des locais
gerando melhorias de 40-60% na formagdo Ossea em comparacdo aos controles em multiplos
modelos de fratura em roedores, por meio de cascatas de sinalizagdo mediadas pelos receptores
macrofagos de fenotipo M1/macrofagos de fendtipo M2 que potencializam a diferenciagao
osteoblastica e modulam o eixo receptor ativador do fator nuclear kappa B/ligante do receptor
ativador do fator nuclear kappa B/osteoprotegerina (RANK/RANKL/OPG). Entretanto, a
translagdo desses achados para a pratica clinica tem sido limitada por restrigdes farmacocinéticas
fundamentais: a melatonina oral apresenta biodisponibilidade notavelmente baixa (10-15%)
devido ao intenso metabolismo de primeira passagem hepatica, resultando em depuragdo rapida
(meia-vida =45 minutos) e desalinhamento temporal entre esquemas posoldgicos convencionais e
0s processos osteogénicos prolongados caracteristicos da consolidacao Ossea eficaz. Este estudo
prospectivo e controlado abordou lacunas translacionais criticas ao avaliar a seguranca da
melatonina em alta dose (30 mg/dia) e seus efeitos bioldgicos preliminares em pacientes com
fraturas diafisarias tibiais tratados com haste intramedular, em um servigo publico de saude
brasileiro. Vinte e cinco adultos foram alocados sequencialmente para melatonina (n=12) ou
controle (n=13) durante 49 dias de observacdo. Os desfechos primarios incluiram niveis séricos de
fosfatase alcalina (FA) e o escore RUST (Radiographic Union Score for tibial fractures) aos 21 ¢
49 dias pos-operatorios; desfechos secundarios abrangeram eventos adversos, adesdo terapéutica e
qualidade do sono. Ambos os grupos exibiram aumentos temporais significativos em FA e no
escore RUST, refletindo progressdo cicatricial esperada; contudo, ndo houve diferencas
significativas entre os grupos em nenhum desfecho primdrio. Os tamanhos de efeito foram
pequenos (d de Cohen=0,09-0,17), com intervalos de confianga cruzando zero. Notavelmente, a
melatonina em alta dose mostrou excelente perfil de seguranga e tolerabilidade, sem eventos
adversos graves, adesdo elevada (91,7%) e efeitos colaterais minimos (sonoléncia diurna leve e
transitéria em um participante). Esses achados fornecem inteligéncia translacional valiosa,
estabelecendo parametros essenciais de seguranca e estimativas realistas de efeito para futuros
ensaios clinicos randomizados, além de demonstrar a viabilidade de implementacao clinica em
sistemas de satde com recursos limitados, fundamentos criticos para estudos de fase II com
seguimento prolongado.

Palavras-chave: Melatonina. Consolida¢do da fratura. Fraturas 6sseas. Efeitos colaterais e reagdes
adversas relacionados a medicamentos.



viii

ABSTRACT

Tibial shaft fractures represent one of the most challenging orthopedic injuries, with delayed
healing affecting 12-19% of cases despite advances in surgical management through reamed
intramedullary nailing. Within this clinical context, melatonin has emerged as a compelling
therapeutic candidate based on its remarkable pleiotropic properties, including potent antioxidant
activity, anti-inflammatory effects, and direct osteogenic actions. Preclinical investigations have
consistently demonstrated melatonin's bone-promoting capabilities, with local applications
producing 40-60% improvements in bone formation compared to controls across multiple rodent
fracture models through receptors on M1/M2-phenotype macrophages that potentiate osteoblastic
differentiation and modulate the receptor activator of nuclear factor kappa B/receptor activator of
nuclear factor kappa B ligand/osteoprotegerin (RANK/RANKL/OPG) axis. However, the
translation of these promising findings to clinical practice has been significantly impeded by
fundamental pharmacokinetic limitations. Oral melatonin exhibits remarkably poor bioavailability
of only 10-15% due to extensive first-pass hepatic metabolism, resulting in rapid clearance with
elimination half-lives of approximately 45 minutes, creating temporal misalignment between
conventional dosing schedules and the prolonged osteogenic processes characteristic of effective
bone healing. This prospective, controlled study addressed critical translational gaps by evaluating
high-dose melatonin (30 mg/day) safety and preliminary biological effects in patients with tibial
diaphyseal fractures managed by intramedullary nailing within a Brazilian public healthcare
setting. Twentyfive adult patients were sequentially allocated to melatonin intervention (n=12) or
standard care control (n=13) groups over a 49-day observation period. Primary outcomes included
serum alkaline phosphatase (ALP) levels and Radiographic Union Score for Tibial fractures
(RUST) at 21 and 49 days postoperatively, with secondary assessments of adverse events, treatment
adherence, and sleep quality. Both groups demonstrated significant temporal increases in ALP
levels and RUST scores reflecting normal healing progression, yet no statistically significant
between-group differences emerged for either primary outcome measure. Effect sizes remained
small (Cohen's d = 0.09-0.17) with confidence intervals consistently crossing zero. Most
remarkably, high-dose melatonin demonstrated exceptional safety and tolerability profiles, with
zero serious adverse events, excellent adherence (91.7%), and minimal side effects consisting of
mild, transient daytime sleepiness in a single participant. These findings provide invaluable
translational intelligence, establishing essential safety parameters and realistic effect size estimates
for future randomized controlled trials while successfully demonstrating clinical implementation
feasibility within resource-constrained healthcare systems, thus establishing critical foundations
for definitive phase II studies with extended follow-up periods.

Keywords: Melatonin. Fracture Healing. Tibial fracture. Adverse effects. Administration & dosage.



