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Adult postoperative pain hypersensitivity following neonatal surgical incision: spinal
mechanisms, prevention, and treatment *
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Abstract Neonatal surgical trauma can lead to persistent pain hypersensitivity during adulthood. The underlying
spinal mechanism includes changes of synaptic plasticity, as well as the impact of glia-neuron interactions on
synaptic structure and function. Structurally, microglia selectively phagocytose inhibitory synapses in an age-dependent
manner, dismantling spinal gate control. Functionally, molecules in microglia, such as purinergic receptor and
brain-derived neurotrophic factor (BDNF), enhance excitatory synaptic transmission via downstream pathways,
facilitate long-term potentiation (LTP), and weaken inhibitory tone. The initiation of this network displays
significant male predominance, while mechanisms in females remain undefined. Current preventive and therapeutic
strategies, including nerve blocks, microglial inhibitors, and serotonergic modulation, face three major bottlenecks:
the species gap in translating findings from rodent models to human neonates, the systematic lack of sex-specific
interventions for females, and the developmental risks of globally inhibiting core targets such as BDNF. Future

research should establish humanized models to validate key pathways, systematically elucidate the molecular
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basis of sex differences, and prioritize the exploration of peripheral nerve interventions to retrogradely regulate

central mechanisms. This will enable safe, precise neuroprotection and advance the field from mechanis-

tic understanding toward clinical improvement of neonatal pain. This paper integrates the structural-functional

pathological network of synapses, analyzes its age-dependent and sex-divergent characteristics, summarizes

strategies for early-life injury prevention and bottlenecks of interventions, and constructs a systematic theoretical

framework covering mechanisms and therapies for developmental neuroprotection.

Keywords neonate; postoperative pain; spinal mechanisms; synaptic plasticity; microglia; glia-neuron

interactions; pain management
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T ) RS, AN R B R AR TE (inward-rectifying
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B AT R A R A B 55 LTP. SRTM, BT
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AU g8 o 0 8, (H7E H AR 5 58 10 K (postnatal
day 10, P10) (%0 R JLFAS 5] 2ok 28 w1, B
A% 3680 Tk 85 PN 9 5 JTE 22 0 B NMIDA 55 5 ROE0 77,
&0y B/ Jiz o 4T 4D S 7 W A 1 e 1. X
A “E5E” 25 16 XG4 ZiiHiE L B
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AT fid R AU S e

FE BT AR I 2 FRAI 5, /NI o 248 A v 4%
“BEE, RIHKHIPRMEEAE. BE KRG R
YITEAL 3 /NI, 88 A R 1L p38 2 2L J5iE 1k
R ABEE K 2R E T MY B EST p38 M
SB203580 AN AT FEL I o 4 91 45970 11 4 98 ot 3
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7 BDNF i % i % 77 1, 5 & BDNF &% #
/NS IO 240 PR B8 5 o 2 e R f T R Y e ) O Ay
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