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Abstract
Background: The hydrodynamic theory attributes dentin hypersensitivity pain to fluid movement within open dentinal tubules,

linking the symptom to a structure histology and scanning electron microscopy (SEM) can directly visualize [2,8].

Objective: This review evaluates whether histopathological analysis of dentin and the pulp-dentin complex functions as a reliable

prognostic tool, predicting symptom persistence, treatment response, and the limits of dentin-directed therapy.

Methods: We synthesized SEM and histologic studies comparing sensitive and non-sensitive dentin, treatment-response studies

confirming tubule occlusion, the tertiary-dentinogenesis literature, and clinical-histologic correlation studies of the pulp-dentin

complex.

Findings: Sensitive dentin shows markedly more numerous, wider open tubules than non-sensitive dentin [8], and treatment

response tracks histologically confirmed tubule occlusion while non-response tracks persistent patency [11]; reactionary

dentinogenesis offers a plausible but less directly tested prognostic axis [15], and clinical-histologic correlation in deep caries

shows only moderate agreement with underlying histology [18].

Conclusions: Histopathological analysis, principally SEM assessment of tubule occlusion, carries genuine prognostic value and is

best used as a bench-validation tool for interpreting treatment response rather than a chairside diagnostic test [8,11].
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1. Introduction

Dentin hypersensitivity is defined clinically by a short,

sharp pain arising from exposed dentin in response to a

stimulus, typically thermal, evaporative, tactile, or

osmotic, that cannot be explained by any other dental

defect or pathology [1]. That definition is deliberately

negative, built by exclusion of caries, fracture, and

restorative failure, and it is one reason the condition is

managed almost entirely on symptom report rather than

on any tissue-level correlate. Yet the pain is generated at a

specific structure, the exposed dentin surface and the

tubules beneath it, and the degree to which those tubules

remain patent, occluded, or reorganized by reactionary

mineralization is, in principle, something a pathologist

can see and measure. The hydrodynamic theory that

underlies most mechanistic accounts of dentin

hypersensitivity proposed exactly this link: fluid

movement within open dentinal tubules, driven by

thermal, evaporative, or osmotic gradients at the exposed

surface, deforms the odontoblast-nerve complex at the

pulpal end of the tubule and triggers the A-delta fibers

responsible for the sharp pain patients describe [2,3]. If

tubule patency is the proximate cause of the pain, a

histological assessment of patency, diameter, and

occlusion should carry prognostic information beyond

what a symptom questionnaire alone provides, both for

identifying which surfaces will remain symptomatic and

for judging whether a treatment has actually closed the

anatomical pathway the pain depends on.

This review evaluates that proposition: whether

histopathological analysis of dentin functions as a reliable

prognostic tool in dentin hypersensitivity, predicting

which sites remain symptomatic, distinguishing

responders from non-responders to desensitizing

treatment, and flagging cases where the pulp is already

too compromised for dentin-directed therapy alone. The

question matters because dentin hypersensitivity is both

extremely common, with pooled self-reported prevalence

estimated at roughly one in three adults [4], and

persistently difficult to manage predictably, where the

same regimen produces durable relief in some patients

and none in others for reasons symptom scoring alone

cannot explain [5,6,7].

2. Methods

We conducted a narrative synthesis of the peer-reviewed

literature addressing the histology and ultrastructure of

hypersensitive dentin, the tubule-level basis of the

hydrodynamic mechanism, and the correlation between

histologic findings and clinical or prognostic outcomes in

dentin hypersensitivity and related pulp-dentin

pathology. Sources were identified through targeted

searches combining histological, scanning electron

microscopic, or histobacteriological methods with clinical

assessment of dentin sensitivity, tubule occlusion, tertiary

dentin formation, or pulp status, supplemented by the

foundational mechanistic and epidemiological literature.

Priority was given to studies directly comparing histologic

features between sensitive and non-sensitive, or treated

and untreated, dentin, and to studies formally correlating

a histologic diagnosis with a clinical one, since these

designs speak most directly to prognostic validity rather

than to descriptive anatomy. Findings are organized

thematically: the ultrastructural basis for tubule-level

prognosis, histologically verified occlusion after

treatment, the pulp-dentin complex's reparative

response, and clinical-histologic correlation in the

adjacent literature on pulp status.

3. Results

Tubule-level histology distinguishes sensitive from
non-sensitive dentin

The most influential finding in this literature is also its

oldest and simplest: in extracted teeth with clinically

documented sensitive and non-sensitive cervical dentin

from the same patients, scanning electron microscopy

showed sensitive surfaces had substantially more open

dentinal tubules per unit area, and tubules of markedly

wider mean diameter, than adjacent non-sensitive
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surfaces [8]. The magnitude reported was large, with

sensitive dentin showing on the order of eight times the

density of patent tubules seen in non-sensitive dentin,

and orifices roughly twice as wide. That comparison is the

closest this field has to a histological "test" with

prognostic content: a surface with numerous wide,

unoccluded tubules is more likely to remain symptomatic,

while one whose tubules are narrow, sparse, or occluded

is less likely to generate hydrodynamic pain regardless of

how much dentin is exposed. The same group's

companion work showed acidic dietary substances and

toothbrush abrasion applied to root-planed dentin

actively re-open partially occluded tubules, reversing

whatever protective histologic state existed [9], and an in

situ model developed to study tubule patency under

controlled intraoral conditions confirmed patency can be

tracked prospectively over days to weeks rather than only

at a single extraction-derived timepoint [10]. Together,

these studies establish that tubule patency is a dynamic

state that can move in either direction, which is why a

single histologic snapshot has prognostic value only when

read as a report on the current mechanical situation

rather than a permanent diagnosis.

Figure 1: Relative dentinal tubule density and mean tubule diameter
on scanning electron microscopy of clinically sensitive versus adjacent
non-sensitive cervical dentin from the same patients, illustrating the
tubule-level basis for a histologic prognostic signal [8].

Occlusion, smear layer, and the histologic signature of
treatment response

If open tubules are the histologic correlate of symptomatic

dentin, histologically confirmed occlusion should be the

correlate of a treatment response, and the periodontal

literature on root hypersensitivity after scaling and root

planing bears this out. Kerns and colleagues used SEM to

examine root surfaces before and after treatment with a

potassium-oxalate desensitizing agent and found

clinically hypersensitive roots showed patent tubules at

baseline, roots that responded clinically showed a dense

crystalline occluding layer on follow-up SEM, and

non-responding roots retained visibly open tubules

despite identical treatment [11]. This pattern gives

histological analysis practical rather than merely

explanatory value: SEM appearance after treatment

tracked clinical outcome closely enough that persistent

patency after an appropriate intervention is itself a

reasonable predictor of continued symptoms. The

broader literature on desensitizing dentifrices, in-office

pastes, and laser-mediated dentin fusion is built on the

same logic: an agent is judged efficacious largely by

whether SEM after application shows tubules occluded by

a stable plug rather than a friable smear layer [1,5].

Clinically, an in-office arginine-calcium-carbonate paste

produced rapid relief in a split-mouth randomized trial,

attributed to mechanical plugging of tubule lumina by an

arginine-bicarbonate-calcium complex lodging in the

orifice [12]. The prognostic reading is that the durability of

occlusion, not merely its presence immediately after

application, is what predicts whether relief persists, since

a thin or poorly adherent occluding layer is most likely to

be lost to brushing, acid exposure, or masticatory load

within weeks.

Table 1: Histologic and ultrastructural features reported at the dentin
surface across sensitive, non-sensitive, and treated states, drawn from
correlated SEM and clinical studies [8,9,11].
Dentin surface
state

Tubule
patency on
SEM

Mean tubule
diameter

Associated
clinical status

Sensitive,
untreated cervical
dentin

Numerous
open tubules

Wide (approx.
2x
non-sensitive)

Symptomatic to
thermal/tactile
stimuli

Non-sensitive,
untreated cervical
dentin

Few open
tubules

Narrow Asymptomatic
despite
comparable
exposure
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Dentin surface
state

Tubule
patency on
SEM

Mean tubule
diameter

Associated
clinical status

Root surface after
oxalate
desensitizer,
responder

Dense
occluding
crystalline
layer

Effectively
occluded

Clinical relief on
follow-up

Root surface after
oxalate
desensitizer,
non-responder

Tubules
remain patent

Unchanged Symptoms persist
despite treatment

The pulp-dentin complex's own histology as a second
prognostic axis

Dentin hypersensitivity is not generated by dentin in

isolation; every tubule terminates at the pulp, and the

odontoblast-predentin-pulp complex has its own

reparative histology bearing on prognosis. Dentin

permeability, and the volume of fluid that can move

through a tubule for a given stimulus, is set partly by

pulpal factors: intrapulpal pressure, tubule patency along

its length, and the degree to which reactionary or tertiary

dentin has been laid down beneath the exposure site by

surviving odontoblasts responding to a mild, chronic

irritant [13,14]. Reactionary dentinogenesis, deposition of

an atubular or sparsely tubular layer by the original

odontoblast population, is distinct from reparative

dentinogenesis, which follows odontoblast death and

requires recruitment of a new mineralizing cell

population; the extent to which either process has

occurred offers real prognostic information. A pulp

already walled off with reactionary dentin is one in which

pain is likely to fade even without intervention, while a

pulp showing no reparative response, or early

inflammatory change, is a poorer prognosis and a signal

the presenting complaint may not be simple dentin

hypersensitivity at all [15,16,17].

Figure 2: Pooled self-reported prevalence of dentin hypersensitivity
from systematic review, set against the wide prevalence range
reported across studies using differing diagnostic stimuli and
thresholds, indicating the scale of the population in whom a
histologically grounded prognostic model has practical relevance
[4,6].

Clinical-histologic correlation as the direct test of
prognostic validity

The most rigorous available test of whether a clinical

impression of pulp-dentin status predicts the underlying

tissue state comes from the closely related

histobacteriological work of Ricucci, Siqueira, and

colleagues on pulps beneath deep caries, which applies

exactly the correlated clinical-versus-histologic design a

genuine prognostic evaluation requires. Comparing

preoperative clinical diagnoses with subsequent histologic

and histobacteriologic examination, this group repeatedly

found meaningful discordance: teeth clinically diagnosed

with reversible pulpitis or a normal pulp not infrequently

showed more advanced, localized inflammation than the

clinical picture suggested, particularly with bacterial

penetration reaching the pulp chamber roof, while some

symptomatic teeth showed comparatively well-localized,

non-progressive change [18,19,20]. In a cohort of

immature teeth with deep caries, the clinical diagnosis of

pulp status again correlated only loosely with the actual

depth and distribution of inflammation and bacterial

colonization observed microscopically, with some

clinically unremarkable pulps already showing partial

necrosis adjacent to bacterial invasion [21]. The

implication for dentin hypersensitivity is direct: if clinical

assessment correlates only moderately with true

histologic state even in caries, where the insult is more
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severe than the mild, chronic irritation typical of exposed

cervical dentin, clinical judgment alone is unlikely to be

fully reliable in dentin hypersensitivity either, and a

histologically informed model adds predictive

information symptom report and visual inspection cannot

supply alone.

Table 2: Patterns of agreement and discordance between preoperative
clinical diagnosis and subsequent histologic/histobacteriologic
examination of the pulp-dentin complex in deep caries, offered as the
closest available direct test of clinical-histologic prognostic validity
relevant to dentin hypersensitivity [18,21,19,20].
Clinical
impression

Histologic/histobacteriologic
finding

Prognostic
implication

Normal or
reversible pulpitis

Occasionally more advanced,
localized inflammation with
bacterial penetration

Clinical exam
alone can
understate
underlying tissue
involvement

Symptomatic,
presumed
advanced
pathology

Sometimes well-localized,
non-progressive change

Symptom severity
does not map
linearly onto
histologic extent

Clinically
unremarkable
pulp beneath
deep caries
(immature teeth)

Partial necrosis adjacent to
bacterial invasion in some
cases

Reinforces the
need for a
tissue-level, not
purely clinical,
prognostic model

4. Discussion

Taken together, this evidence supports a specific, fairly

narrow claim: histopathological analysis, principally SEM

of tubule patency and diameter, together with what is

known about reactionary dentinogenesis and pulpal

histology from the adjacent caries literature, functions as a

genuine prognostic tool, but one operating at the level of

tissue state rather than as a bedside test any clinician

performs chairside. The signal is strongest at the tubule

level: sensitive dentin carries far more numerous, far

wider open tubules than adjacent non-sensitive dentin,

and treatment response tracks histologically confirmed

occlusion while non-response tracks persistent patency,

extending the claim from description to prediction [8,11].

Epidemiological data reinforce why this matters at a

population level: with self-reported prevalence around

one in three adults, and wide variability across studies

using different diagnostic thresholds, a histologically

grounded understanding of which surfaces are

mechanistically likely to remain symptomatic has real

value for triaging who needs active therapy versus

reassurance [4,22,6].

The evidence is weaker once the pulp itself is considered.

The reparative and reactionary dentinogenesis literature

makes a biologically coherent case that pulpal histology

beneath a hypersensitive surface should predict whether

the condition self-resolves, but this rests more on

mechanistic plausibility than on prospective studies

biopsying vital pulps beneath characterized

hypersensitive teeth [15,16,17,14]. The clinical-histologic

correlation studies that come closest to testing this

directly were conducted in deep caries rather than dentin

hypersensitivity proper, and while directly relevant, since

both conditions turn on whether a clinical impression

matches underlying tissue reality, the discordance rates

should be read as a caution rather than a figure

transferring unmodified to hypersensitive but non-carious

teeth [18,21,19,20]. Clinicians currently rely on an

inference chain, from SEM studies of extracted teeth to

living practice, rather than direct histologic sampling of

the pulp-dentin complex in vivo, which is neither ethically

nor practically feasible as a routine step. That inferential

gap is the main limitation of histopathological analysis as

a prognostic tool in current use: it informs which

treatments are mechanistically rational and helps

interpret why patients fail to respond, but cannot yet be

applied prospectively to an individual tooth without an

invasive biopsy.

Practically, histological evidence is best used the way the

Kerns and Absi-type SEM literature already uses it: as a

bench validation standard against which desensitizing

treatments are judged, and as an explanatory framework

for why treatment fails, tubules never fully occluded, an

occluding layer too thin to survive function, or insufficient

reparative dentinogenesis, rather than as a chairside
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diagnostic test, mirroring how management guidelines

already separate mechanistic rationale from bedside

decision-making [23]. Prospective work correlating

quantitative SEM tubule morphometry and pulpal

reactionary dentin thickness with the documented

symptom trajectory of the same patient before extraction

would close much of the remaining gap.

5. Conclusion

Histopathological analysis has a real, evidence-supported

prognostic role in dentin hypersensitivity, most directly

through SEM assessment of tubule patency and diameter,

which reliably distinguishes sensitive from non-sensitive

dentin and tracks clinical response through histologically

confirmed occlusion [8,11]. Its role is weaker and more

inferential on the pulpal side, where reparative

dentinogenesis plausibly predicts symptom persistence

but has not been tested prospectively in dentin

hypersensitivity itself, and where the closest direct

evidence, from clinical-histologic correlation in deep

caries, shows only moderate agreement between clinical

impression and underlying histology [18,21,15]. Used

appropriately, as a mechanistic and bench-validation tool

rather than a chairside diagnostic test, histopathological

analysis remains the most direct available explanation for

why dentin hypersensitivity occurs, why some sites

respond to treatment while others do not, and where the

limits of purely dentin-directed therapy lie.
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