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Abstract
Purpose: To synthesize the literature regarding noncarious cervical lesions (NCCLs)
and propose clinical guidelines when lesion restoration is indicated.
Material and methods: A PubMed search was performed related to NCCL
morphology, progression, prevalence, etiology, pathophysiology, and restoration.
Results: NCCLs form as either rounded (saucerlike) depressions with smooth, feature-
less surfaces that progress mainly in height or as V-shaped indentations that increase in
both height and depth. Prevalence ranges from less than 10% to over 90% and increases
with age. Common locations are the facial surfaces of maxillary premolars. They have
a multifactorial etiology due to personal habits such as excessive horizontal toothbrush-
ing and consumption of acidic foods and drinks. Occlusal factors have been identified
as contributing to the prevalence of NCCLs in some studies, whereas other studies
indicate there is no relationship. The concept of abfraction has been proposed whereby
mechanical stress from occlusal loading plays a role in the development and progres-
sion of NCCLs with publications supporting the concept and others indicating it lacks
the required clinical documentation. Regardless of the development mechanism, dem-
ineralization occurs and they are one of the most common demineralization diseases
in the body. Treatment should be managed conservatively through preventive interven-
tion with restorative treatment delayed until it becomes necessary due to factors such
as lesion progression, impact on patient’s quality of life, sensitivity, poor esthetics,
and food collection may necessitate restoration. Composite resins are commonly used
to restore NCCLs although other materials such as glass ionomer and resin-modified
glass ionomer are also used. Sclerotic dentin does not etch like normal dentin and there-
fore it has been recommended to texture the dentin surface with a fine rotary diamond
instrument to improve restoration retention. Some clinicians use mechanical retention
to increase retention. Beveling of enamel is used to increase the bonding area and reten-
tion as well as enhance the esthetic result by gradually creating a color change between
the restoration and tooth. Both multistep and single-step adhesives have been used.
Dentin etching should be increased to 30 seconds due to the sclerotic dentin with the
adhesive agent applied using a light scrubbing motion for 20 seconds but without exces-
sive force that induces substantial bending of a disposable applicator. Both flowable and
sculptable composite resins have been successfully used with some clinicians applying
and polymerizing a layer of flowable composite resin and then adding an external layer
of sculptable composite resin to provide enhanced resistance to wear. When caries is
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present, silver diamine fluoride has been used to arrest the caries rather than restore the
lesion.
Conclusions: Noncarious cervical lesions (NCCLs) form as smooth saucerlike depres-
sions or as V-shaped notches. Prevalence values as high as 90% and as low as 10% have
been reported due to habits such as excessive toothbrushing and an acidic diet. Occlusal
factors have been proposed as contributing to their presence but it remains contro-
versial. Publications have both supported and challenged the concept of abfraction.
They are one of the most common demineralization diseases in the body. Conserva-
tive treatment through prevention is recommended with restorative treatment delayed
as long as possible. When treatment is needed, composite resins are commonly used
with proposed restorative guidelines including texturing the sclerotic dentin, beveling
the enamel, potential use of mechanical retention, 30 seconds of acid etching, and use
of either multistep or single-step adhesives in conjunction with a light scrubbing motion
for 20 seconds without excessive force placed on disposable applicators.

K E Y W O R D S
etiology, NCCL, noncarious cervical lesions, prevalence, treatment

Most teeth show signs of wear by the time individuals reach
their middle age.1 This wear has been described as “the
cumulative loss of mineralized tooth substance due to phys-
ical or chemophysical processes” resulting from attrition,
erosion, and abrasion.2 The term “tooth wear” has been used
to encompass all three of these causes.1

Enamel on occlusal surfaces may be worn away by a gritty
diet, functional occlusion, or parafunction.3 Such wear is
termed attrition and occurs as a result of tooth-to-tooth con-
tact whereas abrasion is loss of tooth structure from factors
other than tooth contact.4 One source of abrasion is exces-
sive and vigorous horizontal tooth brushing.5–8 Erosive tooth
wear is “tooth wear with dental erosion as the primary etio-
logical factor.”2 Erosion has been described as “probably the
most common reason for tooth wear” and involves a “com-
bination of acid-mediated and mechanical wear.”1 A review
of the global prevalence of erosive tooth wear reported a
mean prevalence in primary teeth between 30% and 50% and
between 20% and 45% in the secondary dentition.9 These
destructive erosive processes can occur on all the coronal sur-
faces of a tooth as well as the root surface when it becomes
exposed to the oral environment. Cervical lesions on the root
surface can occur without the presence of caries and are
known as noncarious cervical lesions (NCCLs).

NCCL MORPHOLOGY AND
PROGRESSION

NCCLs manifest themselves as a loss of mineralized tissue
along the tooth surface near the gingival margin and typi-
cally extend from the cementoenamel junction onto the root
surface.10 The lesions may form as a smooth surface, rounded
(saucerlike) depression into the cervical area of a tooth, or a
V-shaped indentation (Fig 1). The depth may be limited or
be more pronounced (Fig 2). Sharp, V-shaped indentations
can penetrate deeply into the tooth (Fig 3). There can be

sensitivity,11,12 no sensitivity, or limited sensitivity.13 There
is even the potential for loss of pulp vitality. CT scans of
extracted teeth reveal the prominence of the pulp on the facial
surface of many teeth in the cervical area (Fig 4) with some
teeth having unique pulpal projections toward the external
surface (Fig 5). Thus, there can be minimal tooth structure
protecting the pulp at the facial cervical area of deep lesions
even with the continued formation of secondary dentin. Over-
all, NCCLs are common clinical conditions that negatively
impact the structural integrity and esthetics of the dentition.14

These noncarious cervical lesions have been classified based
on their shape as shallow, concave, wedge-shaped, notched,
and irregular.15

When examined microscopically, saucer-shaped lesions
were found to have a smooth, featureless surface except for
craters and dimples whereas wedge-shaped lesions exhib-
ited scratches and furrows in their surfaces that the authors
attributed to toothbrush abrasion.16 In one study of 24
extracted teeth, 54.2% had horizontal furrows varying in
width from 5 to 250 µm.10 Most saucer-shaped lesions
had rounded borders whereas most wedge-shaped lesions
had sharp edges.17 In 10 mandibular anterior teeth exam-
ined microscopically, the enamel incisal to the lesions was
knife-edged.18

In a study of lesion progression, 83 lesions from 16
participants were examined over 3 to 5 years with saucer-
shaped lesions progressing mainly in height, whereas
wedge-shape lesions increased in both height and depth
with the annual lesion progression increasing significantly
as the depth to height ratio (D/H) increased. Over half of the
NCCLs with a small D/H ratio progressed 50 micrometers
or more in height per year whereas none progressed more
than 50 micrometers in depth. The mean volume loss was
0.36 mm3 annually.19 In another study of progression in 29
participants over 5 years, the volume loss was 1.50 ± 0.92
mm3/yr.20 Wedge-shaped lesions tended to have a greater
risk of depth progression than saucer-shaped lesions.21 It
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NCCLS CLINICAL GUIDELINES FOR RESTORATION e3

F I G U R E 1 (a), The maxillary central incisor has a rounded
(saucer-like) depression in the root. (b), Both the maxillary premolars have
V-shaped indentations in the roots.

F I G U R E 2 (a), The maxillary first premolar has a rounded depression
of limited depth. (b), The mandibular first premolar has a substantial
non-carious cervical lesion.

has been determined that individuals with a low buffering
capacity of saliva were in a high-risk group for progression
of lesions as were older study participants and those who
consumed more dietary acids.22

PREVALENCE AND COMMON
LOCATIONS

Prevalence percentages have varied substantially from lower
percentages such as 13.1,12 16.6,23 and 17.124 to higher per-
centages of 61.7%,6 62.5%,25 and 63%.8 A range between
9.1 and 93% was reported in one study.26 The percentage of
individuals who had one or more teeth with typical V-shaped
NCCLs has been reported as 49.1%27 and those having
at least one lesion was 62.2%.12 The percentage of teeth
affected by NCCLs has been reported as 5.7% (259 of 4518
teeth),27 9.65% (280 of 2902 teeth),11 15% (3222 of 21,483
teeth),6 and 17.2% (355 of 2.060 teeth).28 In 391 randomly
selected study participants, at least one severe lesion was

F I G U R E 3 The maxillary first molar has a very deep V-shaped notch
in the tooth.

observed in 29.9% of younger individuals (ages 26-30 years)
and 42.6% of the older sample (ages 46-50 years).29

The prevalence increases with age,9,30,31 but NCCLs are
present in all age categories including younger individuals.
As an example, an examination of 40 first-year dental stu-
dents determined that 29 had at least one affected tooth.
Furthermore, 129 of 1131 teeth in the sample were affected
by NCCLs.32 After 3 years, there was an increase of 57
additional lesions in the same students.32

NCCLs are commonly found on the facial surfaces4 but
slight lingual erosion has been found in 3.6% of a younger
age group and 6.1% of older individuals with severe lin-
gual erosion being rare.29 Multiple studies have identified
maxillary premolars as the most commonly affected
teeth6,8,27,33,34 whereas another study determined mandibular
first premolars were most commonly affected (Fig 2B) fol-
lowed by mandibular second premolars and then canines.23

It also was reported that first premolars in all the quad-
rants were most frequently involved with NCCLs.33 The next
most common site after premolars were determined to be
maxillary molars in two studies.6,8 While these studies indi-
cate the lesions are most commonly found on premolars and
molars, they can also be found on canines and anterior teeth
in both arches.8,13,35 The teeth affected by the most severe
lesions were reported as being the first premolars.35 The least
common site was the lingual surface of mandibular molars.36

ETIOLOGY

Numerous causes for NCCLs have been proposed in
the literature but it is generally recognized they have a

 1532849x, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jopr.13585 by W

estern U
niversity, W

iley O
nline L

ibrary on [26/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



e4 GOODACRE ET AL.

F I G U R E 4 The 4 CT scan images of extracted teeth show the facial prominence of the pulp in the following teeth from left to right: maxillary first
premolar, maxillary second premolar, mandibular first premolar, and mandibular second premolar.

F I G U R E 5 This CT scan of a mandibular second premolar shows a
substantial extension of the pulp toward the facial surface.

multifactorial etiology.37 Contributing factors include exces-
sive horizontal toothbrushing,4 consumption of acidic foods
and drinks,1,9,25,38 gastroesophageal reflux disease,9,38,39

being asthmatic,40 and medications that inhibit salivary
flow.38 There is a preference for acidic beverages in the
western diet because they are refreshing, particularly after
physical exertion and they “clear the palate” for better appre-
ciation of food. Beverages with high acid content such as
carbonated soda, citrus-based drinks, and wine demineral-

ize enamel surfaces. Natural fruit tannins (tannic acid) are
prevalent in higher quality wine which may have a pH of
3.5 or less. The European culture of wine and cheese con-
sumed together is a wise social strategy since the cheese
buffers the acidity of the wine, tends to adhere to enamel
surfaces, and supplies both calcium and phosphate ions for
remineralization.3

The linkage between erosive tooth wear and an acidic
diet was examined in a randomized clinical trial, deter-
mining that participants who reduced their dietary intake
between meals (snacks) had substantially less volume loss of
tooth structure.41 Other acidic items have been identified and
they include acidic lozenges, tablets, and mouth rinses that
may potentiate demineralization.42,43 Most foods, including
those with phytoliths (minute mineral particles) in plants, are
known to be abrasive.3 Superimposing an acidic environment
with mechanical factors such as toothbrush abrasion and a
coarse diet increases the prevalence of cervical lesions. How-
ever, despite knowing the effect of dietary and oral hygiene
habits, one study found that even after specific counseling
sessions, no behavioral changes were observed regarding acid
ingestion and toothbrushing. The authors concluded, “dietary
and oral hygiene habits are not easily changed, not even with
better knowledge after detailed instruction.”22

In addition to abrasion and erosion, occlusal fac-
tors have been identified as potentially contributing to
the prevalence of NCCLs. The factors have included
occlusal wear facets,8,28,30,32,44,45 heavy occlusal forces,20

increased occlusal contact area,27 premature contacts,46,47

extended occlusion and disocclusion time,48 group function
occlusion,49 lateral excursive contact of teeth and bruxism,31

irregular lateral excursions,50 and lack of canine disclusion.45

Using clinical data and genotypical analyses, a significant
association was identified between attrition, malocclusion,
and NCCLs.51 However, other NCCL etiology studies indi-
cate occlusal wear is not related to their formation,7

occlusal factors alone are not sufficient to explain their
presence,52 and there is no association with wear facets.33
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NCCLS CLINICAL GUIDELINES FOR RESTORATION e5

Furthermore, a systematic review of clinical studies con-
cluded that “the role of occlusion in the pathogenesis of
noncarious cervical lesions seems as yet undetermined.”53

The above publications present differing views on the effect
of occlusal factors and that leads to the controversial topic of
abfraction.

Abfraction

Abfraction is considered as a potential etiology for NCCLs.38

The term “abfraction” was introduced to explain cervical
wear resulting from mechanical stress related to loading.54

Abfraction is thought to result from tensile stress caused by
mastication and malocclusion.55 It has been proposed that
high occlusal loads56 and tooth bending (flexure) has a fun-
damental role in the development of NCCLs due to stress
parallel or oblique to the occlusal load.57 Multiple studies
using finite element modeling analysis (FEA) have defined
the potential relationship between occlusal stress and the
development of NCCLs.58–61 The clinical scenario for the
progression of a cervical lesion was modeled and analyzed
using finite element analysis (FEA), indicating lesions can
occur when heavy function and parafunction overload cervi-
cal areas in tension and compression that exceed the material
strength (fatigue resistance) of mineralized dental structures.
It was concluded that overloading of teeth may initiate a cer-
vical lesion.62 In another study, 3D FEA of a mandibular
second premolar revealed an asymmetric pattern of strains
in the cervical enamel of the facial surface in response to
oblique occlusal loads that were consistent with the clinical
picture for asymmetric NCCLs.63 The same authors used 3D
models to conclude that stress was concentrated at the cemen-
toenamel junction was consistent with the common clinical
manifestations of NCCLs.64 In addition, a systematic review
concluded there is an association between occlusal stress and
NCCLs but the authors also stated there are no clinical studies
demonstrating that NCCLs were caused by mechanical stress
alone.65

This lack of clinical studies showing a direct relationship
between tooth stress and the formation of NCCLs has resulted
in questions regarding the concept of abfraction. It has been
stated that abfraction lacks the scientific documentation of
more established causes,1 is not consistent with appropri-
ate clinical evidence,66 and fails to establish the validity of
abfraction as an etiologic entity.4 Also, the theory of abfrac-
tion may be flawed.67 “In addition, applying a load to the
buccal cusps of extracted premolars failed to document the
progression of cervical tooth wear commonly referred to as
abfraction.”68 Another assessment of 299 casts from dental
students suggested there was no relationship between NCCLs
and occlusal/incisal wear.69 As a result of the above con-
cerns, the term ‘abfraction lesion’ has been judged to be
misleading.14 Also, a consensus report has discouraged the
use of the term abfraction since the level of evidence was
judged to be too weak to justify it as an independent etiologic
process.2

The lack of clinical studies relating NCCLs to occlusal
forces and cervical stresses is due in part to no “smoking gun”
being evident such as cracks or particulate material near the
surface of a cervical lesion being observed clinically or with
histology. Should such small mineral particles be avulsed as a
result of surface fatigue failure, they would be readily washed
away by saliva and would not be available for examination.
Also, any fragments of the collagenous matrix due to dentin
and cementum failure are rapidly destroyed by enzymes in
saliva and the gastrointestinal tract. In effect, abfraction is
difficult to study clinically because lesion progression is
slow, and the evidence is destroyed rapidly. Therefore, clin-
ical confirmation of the actual abfraction process clinically
is not tenable, so modeling of the phenomenon with FEA
has been the most realistic approach,56,70,71 along with the
examination of tooth flexure and associated stress during
loading.

Tooth flexure (deformation) of a mandibular first premolar
using FEA revealed that occlusal loads of 200 N are 10-fold
greater for nonaxial loading compared to axial loads.72 Also,
the deepest aspect of a wedge lesion is the stress riser so it
is the most susceptible to the progressive fatigue failure that
advances the lesion73 when the tooth is flexed.3 These data
suggest the mineralized tissue at the base of a NCCL is failing
under surface compression.3 It is also thought that delami-
nation of enamel from dentin at the dentin-enamel junction
(DEJ) occurs in the cervical area as a result of undermining
the enamel and may occur from a repeated oblique load of
100 N which is well within the range of normal function.70

In a finite element study of simulated molars, overloading
resulted in enamel damage at the CEJ and led to the initiation
of a cervical lesion with subsequent overloading resulting in
enamel destruction along the DEJ.62 Thus, the thin enamel in
the cervical region may be susceptible to fatigue failure when
exposed to tensile, compressive, and shear loads that exceed
its material strength.71

As mentioned previously, clinical studies to either prove
or disprove the concept of abfraction are not possible to per-
form due to the slow progress of the lesions and the rapid
loss of surface material. However, regardless of whether the
concept of abfraction can be proved or disproved, there is
demineralization of tooth structure occurring with NCCLs.

PATHOPHYSIOLOGY OF
DEMINERALIZATION

Demineralization is the most prevalent chronic disease in
the world, resulting in osteoporosis (OP) with a worldwide
prevalence >10%,74 NCCLs with a higher prevalence than
osteoporosis,6,8,25 and dental caries being one of the most
prevalent chronic diseases worldwide.75 In fact, the preva-
lence of untreated dental caries in children aged 5 to 19 years
has been reported as 13.2% and in adults aged 20 to 44 years,
it is 25.9%.76 The above data indicates NCCLs are the sec-
ond most common manifestation of demineralization disease
in the body.
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e6 GOODACRE ET AL.

Environmental acidity, mechanical loading, and percola-
tion of endemic fluoride regulate resistance to demineral-
ization such as osteopenia, NCCLs, and dental caries.3,77 In
general, the etiology of demineralization involves fluid perco-
lation, metabolism, homeostasis, biomechanics, mechanical
wear (attrition or abrasion), and biofilm-related infections.3,77

An NCCL has a multifaceted etiology that draws on the same
mechanisms for demineralization, but in a unique pattern
that is specific for each tooth. Patients may have multiple
NCCLs but each one is not quite the same manifestation as
the others.78,79 Only one tooth may be affected and bilateral
symmetry is rare.

Demineralization is a broad-spectrum disease that has
both an infectious and noninfectious etiology.3,77 Cario-
genic bacteria do not contribute to NCCLs, but other oral
microorganisms such as Fusobacteriales may protect a cer-
vical lesion from acidic degradation via bacterial interaction
(interference) and pH regulation.78 Equilibrium of deminer-
alization and remineralization in the presence of optimal
fluoride decreases caries prevalence,3,77 but the effect on
NCCLs is unknown. Fluoride is an essential trace element
with multiple health benefits, but fluorosis disrupts cell phys-
iology via modifications of apoptosis, stress, and signaling.80

Optimal physiologic levels of fluoride ion (F–) during min-
eralization and remineralization result in the formation of
fluorapatite (FA). Compared to hydroxyapatite (HA), FA
has a more compact (dense) crystalline structure render-
ing it less susceptible to acidic attack3,77 and mechanical
degradation.81 However, the relationship of FA to NCCL
prevention, prevalence, and progression is unknown.79

ORTHODONTIC TREATMENT AND
NCCLS: IS THERE A RELATIONSHIP?

NCCLs are a potential concern for any elective dental
treatment because little is known about the progression of
the lesions during clinical interventions. Despite transient
occlusal trauma inherent in tooth movement, orthodontic
treatment has no known effect on NCCL incidence or pro-
gression. However, the plaque load associated particularly
with fixed appliance treatment is a concern since deep cer-
vical lesions inoculated with cariogenic pathogens in plaque
may result in a rapid progression of caries that could result in
serious bone infections.77 In a seeming paradox, “orthodon-
tics treatment” was found to be a significant contributing
factor for NCCLs in male athletes (footballers).82 However,
examination of the data revealed that most of the study par-
ticipants did not receive orthodontic treatment which suggests
that the presence of uncorrected malocclusion may play a role
in the etiology. Since elite athletes frequently clench their
teeth during demanding training sessions and games, it was
interesting to note that footballers who trained up to one hour
daily had a significantly higher prevalence of NCCLs than
those who trained for more than an hour. The authors of
the study proposed the reason was related to poorer phys-
ical fitness in those who trained only up to one hour and

therefore they were not as capable of withstanding the inten-
sity of the loads applied to the teeth. Similar findings were
reported in a study of dental erosion in amateur runners where
those who trained more than one hour had lower erosive
lesions.83

Mouthguards are designed to help control occlusal forces
from clenching,84 but their effectiveness is limited by com-
pliance and the type of occlusal challenge. Attrition due to
bruxism is effectively controlled by the mouthguard material,
but sustained clenching may still deliver a traumatic load to
individual teeth. Maintaining a static load across a mouth-
guard compresses the compliant material and transfers the
entire load to the resisting dentition. A powerful static load
is spread to some degree throughout the arch but is concen-
trated on teeth that are out of alignment (malocclusion). There
is no evidence that NCCLs are associated with the transient
occlusal trauma of routine tooth movement, but some mal-
occlusions and compromised outcomes like excessive lingual
inclination of maxillary premolars may be a predisposition
to NCCLs based on finite element analysis.85 However, the
authors indicated that excessive stress concentration at the
buccal neck may be the cause, indicating malocclusion rather
than orthodontic treatment is associated with the incidence
and progression of NCCLs.

PARAFUNCTION

Parafunction in dentistry is commonly designated as brux-
ism, clenching, and nail biting. Bruxism is dynamic motion
in intermaxillary occlusion that manifests as dental attrition.3

Clenching and nail biting are defined as static and sustained
loads generated by powerful contraction of the mandibular
elevator muscles. Clenching, nail biting, and a diagnosis
of TMD were significantly associated with the presence
of NCCLs and these habits along with the presence of
TMD should be considered in the diagnosis and treatment
of NCCLs.34 Thus, there may be a relationship between
the proposed mechanical etiology of NCCLs and TMJ
degeneration.86,87 Sustained loads of clenching and nail
biting are more damaging to mineralized tissues than the
dynamic (shifting) loads of bruxism. Nail biting is typically
a habit that requires conscious control. Similar to thumb
sucking, the wearing of cloth gloves during the day and/or
night can serve as a helpful reminder to curtail the destructive
habit. In comparison, occlusal devices known as disocclusion
orthotics are useful for controlling bruxism and clenching.3

NEUROLOGIC ORTHOTIC

Protecting oral structures from fatigue-related demineraliza-
tion is an important clinical priority.3,77 Teeth, jaws, and
TMJ are damaged by both cyclic and sustained loads that
result in flexure that exceeds the fatigue resistance of mineral-
ized tissues.88 The dynamic intermaxillary motion of bruxism
is manifest as dental attrition, but sustained clenching is
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NCCLS CLINICAL GUIDELINES FOR RESTORATION e7

F I G U R E 6 Diagram showing a cross-sectional view of a Hawley
Biteplate with the mandibular incisor contact and the resin plate located on
the lingual surface of the maxillary incisor. The insert shows an occlusal
view of the device on a cast.

more commonly associated with TMJ degeneration.87 Habit-
ual clenchers are difficult to diagnose because there are no
wear facets on the teeth. However, there may be a history of
tired jaws or muscle hypertrophy.

Parafunctional loads may contribute to tooth fracture and
root resorption89 as well as induce tooth flexure with its pro-
posed relationship to NCCLs,34,77,82,90 Parafunction duration
and frequency are difficult to control in a dental setting since
the involuntary contractions that contribute to parafunction
are of central nervous system origin. The secondary author
of this paper has determined from multiple decades of clini-
cal practice that the magnitude of parafunctional contractions
can be reduced with a Hawley biteplate that prevents contact
of the posterior occlusion. The power of the mandibular ele-
vator muscles is reduced by a polysynaptic reflex that inhibits
the strength of contraction when the posterior teeth are not in
occlusion.87,91 Full coverage occlusal devices transmit para-
functional loads to the jaws and teeth, but a Hawley biteplate
(Fig 6) can decrease the magnitude of the load by reducing the
strength of muscle contraction. It is proposed that this device
can help control parafunctional loading but it should not be
worn 24 hours a day to prevent extrusion of the molars that
would negate the neurologic effect of the orthotic nor at meal-
time to avoid overloading the anterior teeth when attempting
to chew with the posterior teeth.

TREATMENT OF NCCLS

Much has been written about the management of NCCLs and
the purpose of this section is to provide a synopsis of factors
related to their treatment that are important to understand.

When to monitor and when to restore?

Since NCCLs are typically noncarious, they present a per-
plexing condition for practitioners as to whether they should

F I G U R E 7 The maxillary first molar has a particularly deep
V-shaped notch that extends well into the secondary dentin of the tooth that
has extended into the area where the pulp was located. Such lesions should
be restored as they are compromising the strength of the tooth. Also, plaque
has been accumulating in the depth of the notch and restoration should be
initiated before caries occurs.

be restored and at what degree of wear should a restorative
intervention be considered. Due to the lack of clinical tri-
als, systematic reviews, or meta-analyses regarding when and
how the treatment should be initiated,1 one has to depend on
published recommendations such as “restorative intervention
is typically best delayed as long as possible”92 and “preven-
tive intervention may be preferable to extensive restorative
care and high maintenance needs.”93 It has also been stated
that “the decision to monitor NCCLs rather than intervene
should be based on the progression of the lesions and how
they compromise tooth vitality, function, and esthetics.”94

Recommendations regarding when a restoration should be
placed have included a negative impact the patient’s quality
of life1 and when there is sensitivity, poor esthetics, and food
stagnation.95

There are some patients with very deep NCCLs that
require restorations for esthetic reasons as well as preserv-
ing structural integrity and preventing tooth fracture (Fig 7).
A small number may be sensitive, a condition also making
restoration a reasonable treatment. There also are patients
who present challenging treatment decisions due to exten-
sive erosion-abrasion that encompasses the roots of multiple
teeth in such a way that little root structure remains (Fig 8).
Should one tooth fracture (Fig 9), a decision needs to
be made as to whether to restore the tooth, extract the
tooth and replace it with an implant, or extract adjacent
teeth with substantial lesions, and replace multiple teeth via
implants.

It is interesting to review the results of a survey of atten-
dees at a meeting of the Greater New York Academy of
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e8 GOODACRE ET AL.

F I G U R E 8 This patient has substantial non-carious cervical lesions
on the facial and proximal surfaces of the mandibular anterior teeth, placing
them at severe risk of fracture. Lesions are located on the facial surfaces of
all the other mandibular teeth.

F I G U R E 9 The mandibular left central incisor has fractured due to
weakening from the cervical lesion. There is now a challenging decision as
to what treatment is best for this patient. Should the root be retained through
endodontic treatment and a post and core, with the associated risks due to
lack of tooth structure or should the tooth be extracted and an implant
placed? Should the adjacent teeth be restored to prevent further deepening
of the lesions and weakening of the teeth or are they sufficiently weakened
that they should be extracted and implants placed to support a fixed partial
denture?

Prosthodontics regarding their approach to management and
restoration of NCCLs. Digital images were projected with
1.0, 2.0, and 3.0 mm deep lesions. As the restoration depth
increased more clinicians indicated they would restore the
area. Also, when sensitivity was present, clinicians were more
likely to restore the tooth. It was interesting to note that
clinicians who do not use mechanical retention had a lower
estimate of their restoration longevity.96

The effect of sclerotic dentin

NCCLs typically have sclerotic dentin walls that consist of
hypermineralized intertubular dentin.97,98 In other words, the
tubules are occluded with crystalline deposits.99,100 There is
a lack of intact, banded collagen101 resulting in the sporadic
absence of the hybrid layer98,102 required for optimal bond-
ing, and no resin tags or only short tags are present.97,101

Therefore, the bond strength of composite resins is signifi-
cantly lower to sclerotic dentin than to normal dentin.102,103

Due to the tubule occlusion with minerals, the dentin etches

more slowly99,102.104 and longer etching times are needed
than when bonding to normal dentin.98,105

Should occlusal adjustment be performed?

Since occlusal factors have been identified as potentially
contributing to the prevalence of NCCLs,8,20,28,30–32,44–50

occlusal adjustment would be a possible treatment option for
NCCLs. However, a study examined the effect of occlusal
adjustment on the rate of cervical tooth wear and determined
occlusal adjustment does not appear to halt the progression
of NCCLs and therefore cannot be recommended.106 In addi-
tion, a systematic review indicated evidence does not support
an intervention that alters occlusal factors for the purpose of
preventing or controlling the progression of NCCLs.107 A
conservative option to reduce the force applied to teeth and
therefore reduce wear on the teeth is the use of a Hawley
biteplate, as described previously.

RESTORATION OF NCCLS

There has been a plethora of publications related to the
restoration of noncarious cervical lesions and they have
included studies of various procedural steps as well as
materials used.

Material selection

Regarding the material to be used, it has been stated that
composite resin restorations are a general indication based
on their good esthetic properties and clinical performance94

and such restorations are an appropriate method for prevent-
ing further deterioration.108 A meta-analysis of the clinical
performance of Class V restorations determined that com-
posite resins were preferred over glass ionomer cement and
polyacid-modified composite resins.109 Another systematic
review and meta-analysis determined that glass ionomer has
better retention than composite resin and was similar in the
other properties evaluated.110 Yet another systematic review
and meta-analysis indicated glass ionomers had better reten-
tion than composite resin but inferior surface roughness and
color matching.111 It has been proposed that placing a glass
ionomer cement underneath a composite resin, the so-called
sandwich or mixed technique, combines the good character-
istics of glass ionomer with that of composite resin.112 An
18-month study of a glass hybrid (glass particles dispersed in
a glass ionomer) indicated it may be a suitable alternative to
composite resins.113

Resin-modified glass ionomers have been compared with
other materials for the restoration of NCCLs. A 1-year study
compared resin-modified glass ionomer, flowable compos-
ite resin, and polyacid-modified composite resin and the
authors concluded all three materials were clinically accept-
able but the resin-modified glass ionomer had superior
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NCCLS CLINICAL GUIDELINES FOR RESTORATION e9

marginal adaptation and esthetics.114 A 5-year study com-
paring composite resins and resin-modified glass ionomer
determined the clinical performance of resin-modified glass
ionomer was superior to composite resin.115 A 7-year study
reported resin-modified glass ionomers as being superior to
the adhesive system and composite resin used in the study.116

Conversely, a 3-year clinical evaluation determined that com-
posite resin restorations were superior to resin-modified
glass ionomer.117 A 5-year evaluation of resin-modified
glass ionomer cement and polyacid-modified composite resin
restorations in a general dental practice resulted in both
types of restorations being judged as having unsatisfactory
long-term performance.118 Similarly, a 5-year evaluation of
resin-modified glass ionomer and polyacid-modified compos-
ite resin resulted in a high and similar failure rate for both
materials when restoring NCCLs.119

After reading the above studies and systematic reviews,
it is easy to be confused as to which material is best for
restoring NCCLs. There was no material identified in the
selected literature as being the best. It appears that differ-
ent clinicians have obtained different results with the same
materials. Therefore, it becomes a matter of personal expe-
rience and preference regarding the material to be used. The
authors of this paper prefer composite resin for the restora-
tion of NCCLs due to its good bonding, surface smoothness,
color matching, and established clinical performance.

PROPOSED CLINICAL GUIDELINES FOR
RESTORING NCCLS

The purpose of this section is to present procedural guidelines
based on available evidence as well as the perspective of the
authors of this publication.

Isolation of the lesion

Use of rubber dam isolation was determined to produce
significantly higher restoration retention,109 but one of the
challenges with the use of a rubber dam is that clamp may
promote gingival recession when restoring NCCLs.120 Use
of retraction cord is an alternative method of isolation with
less risk of gingival recession.

Clinical recommendation

Rubber dam isolation is very effective when the risk of
gingival recession is not likely to occur as with a thick
healthy gingival phenotype and the lesion is in a location that
is not esthetically critical should some recession occur. In the
presence of unhealthy gingiva where bleeding occurs easily,
the use of a rubber dam is beneficial. Retraction cord can also
be effectively used to obtain isolation in most situations and
is easier to manage than the use of a rubber dam for many
patients. Placing a small, gingival retraction cord in the sulcus

F I G U R E 1 0 Retraction cord has been placed in the sulcus to provide
gingival retraction and isolation of the lesion in preparation for restoration.

such as #000 Ultrapak™ (Ultradent, South Jordan, UT) that
has been soaked in a hemostatic agent and then blotted on
a gauze square to remove excess agent will provide gingival
retraction and control any bleeding that may occur (Fig 10).
However, it is important not to have hemostatic agent present
over the dentin surface. While there have been studies that
determined the presence of hemostatic agents on dentin did
not affect composite resin bond strength,121,122 there have
been multiple reviews and studies that determined the pres-
ence of such agents negatively affects bond strength.123–131

One study determined the tooth surfaces contaminated with
hemostatic agents can be cleaned using airborne particle
abrasion using low-pressure aluminum oxide or phosphoric
acid etching and thereby restoring bond strengths to precon-
tamination levels.132 In addition to the above bonding issues,
the authors of this paper have found that leaving retraction
cords in the sulcus for extensive time periods or using overly
large diameter cords may induce gingival recession.

Surface preparation of the lesion

It has been stated that “mechanical removal of surface dentin
improved retention rates of composite resins in NCCLs”133

and “hybrid layer thickness was increased with all adhesives
when superficial dentin was removed.”134 It has also been
stated there is little evidence directly comparing roughening
the surface with nonroughening.135 In addition, the removal
of surface dentin may not be completely effective,98 mean-
ing it still may not provide a bonding surface comparable
to normal dentin but will be better than no surface prepara-
tion. Another recommendation is to extend the preparation of
the lesion to include peripheral sound dentin to improve the
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e10 GOODACRE ET AL.

bond strength102 but one has to weigh this proposal versus
the additional removal of sound tooth structure and the likely
subgingival extension of the restoration that makes isolation
more difficult.

Clinical recommendation

While there have been different perspectives regarding the
potential benefit or lack thereof with surface texturing, it has
not been determined to be detrimental. Therefore, it is rec-
ommended to slightly remove surface dentin using either a
fine grit rotary diamond instrument or carbide bur. A fine
grit diamond instrument is preferred rather than a carbide bur
because a bur can result in more aggressive dentin removal
then is desirable.

Use of mechanical retention

To test the adhesive characteristics of different materials, clin-
ical studies have been performed without the use of mechani-
cal retention and have reported successful results.135–137 They
have reported favorable restoration retention without the aid
of mechanical retention.135 However, there is a lack of studies
specifically comparing the use of mechanical retention with
no mechanical retention and there is a lack of evidence to
indicate mechanical retention is detrimental to the longevity
of restorations. In the previously discussed survey of mem-
bers of a prosthodontic organization, it was interesting to note
that clinicians who did not use mechanical retention had a
lower estimate of their restoration longevity.96

Clinical recommendation

Since there is a lack of evidence documenting a negative
effect of using conservative mechanical retention, the proce-
dure below is recommended for those clinicians who choose
to use mechanical retention in addition to adhesive treatment
of the tooth. It is proposed that two rounded depressions,
about 1.0 mm deep, be prepared into the cervical floor of
the lesion and two into the occlusal wall of posterior tooth
using the tip of a number 330 pear carbide bur with a diam-
eter of 0.8 mm or a number 2 round bur with a diameter of
1.0 mm (Fig 11). The depressions are located about 1.0 inside
the perimeter of the root (Fig 12). With smaller teeth such as
mandibular incisors, only one depression is placed into each
surface.

Enamel beveling

Beveling of enamel is used because enamel is more effec-
tively etched than dentin and extending the restoration of
beveled enamel improves the esthetic result by gradually cre-
ating a color change between the restorative material and

the tooth.138 It also increases the surface area for bonding
by creating additional micromechanical retention.102,138 In
a systematic review of enamel beveling, it was concluded
there is not sufficient evidence to support the benefits of
enamel beveling over nonbeveling139 but it was pointed out
that the conclusion was based on only two low risk of bias
randomized controlled trials and a subsequent analysis of the
paper indicated there is not enough evidence to support this
conclusion.140

Clinical recommendation

Since there is no evidence indicating a negative effect of
beveling the enamel and it increases the bonding area, pro-
vides a better substrate for etching, and improves the esthetic
result, it is recommended to bevel the enamel.

Selecting adhesive agent

There have been studies examining the long-term effective-
ness of adhesives used with NCCLs. A13-year randomized
clinical trial of two different three-step adhesives used with
two composite resins concluded the clinical effectiveness
of the tested systems was clinically acceptable.141 Another
study of a three-step adhesive (etch, primer, and adhesive)
after 12 years showed long-term durability with an overall
retention rate of 89%.142 Other studies have compared the
effectiveness of adhesives when using single-step (self-etch)
and multistep systems for the restoration of NCCLs. In one
study using resin-modified glass ionomer restorations, the
three-step adhesive system provided better retention then the
one-step adhesive143 whereas other studies have determined
there was no difference in retention between one-step and
multistep adhesives.138,144,145–147 Regarding marginal dis-
coloration, it has been reported to be higher with one-step
systems.139,147,148 A systematic review of one-step (self-
etch) and multistep (etch-and-rinse) adhesives determined
there was not sufficient evidence to support one system over
the other.149 Another systematic review indicated there was
no significant difference between three-step, two-step, and
one-step adhesive systems.150

Clinical recommendation

Both multistep and single-step adhesives can be effectively
used for restoration of NCCLs as long as total etching
is incorporated into the procedure to improve the clinical
longevity of the restoration.

Enamel etching

A 3-year clinical evaluation determined that acid-etching of
enamel margins “enhanced the performance of the two-step
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NCCLS CLINICAL GUIDELINES FOR RESTORATION e11

F I G U R E 1 1 (a), Two depressions, about 1.0 mm deep have been placed in the cervical floor of the lesion to provide mechanical retention for a
restoration. (b), Two additional retentive depressions have also been placed into the occlusal wall of the lesion. (c), The lesion has been restored with a
composite resin restoration.

F I G U R E 1 2 Two depressions, approximately 1.0 mm deep, have
been formed about 1.0 mm inside the perimeter of the root and two
additional depressions in the occlusal surface (not visible) for retention of a
restoration in this very deep cervical lesion.

self-etch adhesive in terms of marginal discoloration and
marginal adaptation at the enamel side.”151 In addition, a
systematic review stated “selective enamel etching prior to
application of self-etch adhesive systems in NCCLs can pro-
duce composite restorations with higher longevity” with less
marginal discoloration and loss of retention.152 Another 3-
year clinical evaluation of a two-step self-etch adhesive stated
“additional etching of the enamel cavity margins was not
critical for its clinical performance.”153

Clinical recommendation

It is suggested the enamel be etched in accordance with the
etchant manufacturer’s recommended time for enamel.

Dentin etching time

Since sclerotic dentin, as noted above, has occluded tubules
and is more resistant to etching, it has been recommended
to increase the etching time to improve the bonding.98,154

A laboratory study of human canines and premolars with
saucer-shaped NCCLs determined that extending the etching
time to 30 seconds rather than 15 seconds resulted in a more
predictable bond.105 Another laboratory study of extracted
premolars determined that increasing the etching time to
30 seconds produced more effective demineralization of
NCCL sclerotic dentin and was comparable to normal dentin
etched for 15 seconds.155 Yet another laboratory study of
extracted premolars reported that increased etching time can
enhance bond strength.156 To protect the pulp in the presence
of very deep lesions, a small amount of a light polymerized
base can be applied (Ultra-Blend™ plus, Ultradent, South
Jordan, Utah, USA (Fig 13). Ultra-Blend™ is a radiopaque
calcium hydroxide material in a urethane dimethacrylate base
used to help protect the pulp during the adhesive treatment
procedures.

Clinical recommendation

It is proposed that a 30-second dentin etching time with 37%
phosphoric acid be used when restoring NCCLs. Since both
the enamel and dentin need to be etched, if clinically possible,
the etching can be started with the dentin surface and after
15 seconds the application can be extended to enamel surface
for the remaining 15 seconds.

Adhesive agent application technique

A systematic review indicated application in a “frictional
mode” improved composite resin retention rates.133 In
addition, studies have used terms such as “agitation,”157
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e12 GOODACRE ET AL.

F I G U R E 1 3 A light-polymerized radiopaque calcium hydroxide base
has been placed in the deep portions of these lesions to help protect the pulp.

“active application,”158 “application with agitation,”159 “con-
tinuous agitation,”160 “vigorously rubbed,”161 “vigorously
agitated,”162 and a “vigorous rubbing action.”163 Use of such
terms can imply different actions and it is not clear what
exactly is meant by these terms during application of an
adhesive agent. Therefore, it is important to understand the
amount of force to be used in applying an adhesive to dentin.
Multiple studies have reported using a force of 34.5 ± 6.9
grams during adhesive application.158,161–163

The authors of this paper have studied the amount of force
applied during use of several types of disposable applicators
for the purpose of providing clinical guidance as to what is
meant by active application of adhesive agents. It was deter-
mined that disposable applicators vary somewhat in their tip
flexibility. With applicators that have a constriction at the end
of the handle, there will be slight flexion of the tip when rub-
bing the dentin surface using a force between 20 and 30 grams
(Fig 14). Disposable applicators without a constriction in the
tip are slightly stiffer and there should not be any bending of
the tip when actively rubbing the dentin surface (Fig 15).

Clinical recommendation

Adhesive agents should be applied with a disposable micro-
brush applicator using a light scrubbing motion (force
between 20 and 30 grams) for 20 seconds or as indicated by
the adhesive manufacturer. When using the more flexible dis-
posable applicators there should only be slight flexion of the
applicator tip and no flexion of the tip with stiffer applicators.
When using a self-adhesive bonding agent, it is recommended
that fresh adhesive be applied during the application time to
prevent a rapid rise in pH as the calcium is dissolved which

F I G U R E 1 4 A disposable applicator with a constriction at the end of
the handle is shown here with very slight bending of the tip when an
application force of 29 grams is applied.

F I G U R E 1 5 This disposable applicator without a constriction is
applying a force of 27 grams with no bending of the tip.

reduces the effectiveness of the acidic monomer at etching
the surface.

Type of composite resin

There have been clinical studies that compared flowable and
sculptable composite resins. Two of these studies reported the
flowable materials produced similar results to the sculptable
materials.164,165 Another study also reported similar clini-
cal performance of flowable and sculptable composite resins
but there was better marginal adaptation with the flowable
material.166 A systematic review reported better marginal
adaptation for flowable compared with sculptable composite
resin but the authors questioned the quality of evidence.167

One of the reasons why the current studies have reported
comparable performance is due to the newer flowable
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NCCLS CLINICAL GUIDELINES FOR RESTORATION e13

composite resins having higher filler content and better
physical and mechanical properties.

Clinical recommendation

Both flowable and sculptable materials can be effectively
used but it is the opinion of the authors that flowable compos-
ite resins are easier to manipulate into deep areas and move
around the surfaces of NCCLs. Flowable composite resins are
also easier to place in small increments and manipulate into
retentive areas when retention is used. With a large cervical
lesion, some dentists apply and polymerize a layer of flowable
composite resin and then add an external layer of sculptable
composite resin to provide enhanced resistance to wear.

CONSERVATIVE TREATMENT WHEN
CARIES ARE PRESENT IN CERVICAL
LESIONS

When cervical caries lesions are present, they can be restored
as described above but another option is available. Silver
diamine fluoride has been effectively used to arrest caries
and has been determined to be more effective than sodium
fluoride.168 An umbrella review, summarizing systematic
reviews on the effectiveness of silver diamine fluoride,
reported consistent support for its effectiveness in arresting
coronal caries in the primary dentition as well as arresting
and preventing root caries in older adults.169 A protocol has
been proposed for use of silver diamine fluoride for root
caries where the solution is applied and then a few days or
a week later a second treatment is applied.170 The rationale
for the two-appointment protocol is that the carious dentin
will become very dark after a few days, making it easier to
distinguish between carious and sound dentin, a process that
helps prevent the removal of excess tooth structure should a
restoration subsequently be placed for esthetic reasons.170

The primary author of this publication has effectively used
silver diamine fluoride to arrest cervical caries in adults while
recognizing there will be substantial darkening of the area
following treatment (Fig 16). Due to the tooth discoloration
produced by the treatment, it is important to inform the
patient so they understand the benefit of the treatment as well
as the discoloration that will be present. They also need to
know the area can be restored with a tooth-colored material
should they desire after the caries is arrested. It is proposed to
dry the carious area using compressed air, dispense one drop
of silver diamine fluoride solution into a dappen dish, and
then apply the solution to the area using a small disposable
applicator (Fig 17) along with 10 to 20 seconds of scrub-
bing action. Excess solution is then removed using a cotton
pellet and the lesion is maintained saliva-free for 3 to 5 min-
utes. The surface is then gently dried using compressed air if
moisture from the solution is still present on the surface of
the lesion. More than one treatment may be needed so it is
recommended to check the area after a few days or week to

F I G U R E 1 6 Silver diameter fluoride was applied to the carious
cervical lesions in the mandibular second premolar and first molar and the
caries has been arrested. The treated areas are now dark and were left that
way for this patient who was not concerned about the discoloration. For
patients who want to eliminate the discoloration, the dark surface can be
restored using a tooth-colored material.

F I G U R E 1 7 A bottle of 38% silver diamine fluoride (Advantage
Arrest, Elevate Oral Care LLC., West Palm Beach, FL) is shown along with
a dappen dish into which one drop has been dispensed. The solution will be
applied with the disposable applicator shown here.

determine if there is still some soft material present that war-
rants another treatment. The solution will invariably contact
the gingiva and produce a temporary stain on the gingiva so
it is good to advise the patient that there will be some soft
tissue discoloration that will disappear whereas the tooth dis-
coloration will not disappear. To avoid the temporary gingival
discoloration, a protective coating such as petroleum jelly
can be applied but care must be exercised to not allow the
jelly onto the surface of the lesion as it will interfere with
the effectiveness of the silver diamine fluoride solution in
that area. Drying the gingiva and carefully applying a layer
of PermaSeal™ resin glaze (Ultradent, South Jordan, UT)
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e14 GOODACRE ET AL.

with a small disposable applicator, followed by light poly-
merization, is another effective means of preventing gingival
discoloration. Following application of the fluoride solution,
the layer of resin glaze can be peeled free from the gingiva.

CONCLUSIONS

NCCLs have a prevalence that ranges between 10% and 90%
and they increase with age. They can be shallow depressions
or deep V-shaped notches commonly caused by factors such
as excessive horizontal toothbrushing and consumption of
acidic foods and drinks. Occlusal factors have been identified
as contributing to the prevalence of NCCLs in some studies
whereas other studies indicate there is no relationship. Treat-
ment of NCCLs should be managed conservatively through
preventive intervention with restorative treatment delayed as
long as possible. However, lesion progression, impact on
patient’s quality of life, sensitivity, poor esthetics, and food
collection may necessitate restoration. Composite resins are
commonly used to restore NCCLs but the presence of scle-
rotic dentin with tubules occluded with crystalline deposits
makes etching and bonding more challenging. Therefore, it
is recommended to texture the surface of the dentin with a
rotary instrument to improve restoration retention with some
clinicians adding mechanical retention. Beveling the enamel
is used to increase the bonding area and retention as well as
enhance the esthetic result. Both multistep and single-step
adhesives have been used with dentin etching increased to
30 seconds due to the sclerotic dentin. The adhesive agent
should be applied with a light scrubbing motion for 20 sec-
onds but without excessive force that induces substantial
bending of a disposable applicator. Both flowable and sculpt-
able composite resins have been successfully used with some
clinicians applying and polymerizing a layer of flowable
composite resin and then adding an external layer of sculpt-
able composite resin to provide enhanced resistance to wear.
When caries is present, silver diamine fluoride has been used
to arrest the caries rather than restore the lesion.
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