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Abstract

Objectives: This study aims to introduce and differentiate between traditional craze lines and
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a newly identified type of line in enamel, termed an “internal craze line” This novel classification
enhances diagnostic precision and carries significant clinical implications for treatment strategies.
The goal is to provide a clear description of these two types of lines, discuss their unique clinical
implications, and highlight their differing appearances and staining characteristics, contributing to
improved understanding and management of enamel anomalies.

Method and materials: Four extracted teeth exhibiting visible and internal craze lines were
selected and examined using a stereo microscope to observe the structural characteristics of the
lines. Cross-sections of the coronal parts of the teeth were prepared to document the differences
between traditional craze lines (extending from the dentin-enamel junction [DE]] to the enamel
surface) and internal craze lines (originating at the DEJ but terminating midway through the enamel).
Additionally, intraoral observations were conducted under high magnification to identify the visual
differences between the two types of lines, noting that traditional craze lines can be stained while
internal craze lines cannot.

Results: Microscopic examination revealed two distinct types of lines: traditional craze lines
extending from the DEJ to the enamel surface and internal craze lines terminating within the enamel.
Intraoral observations confirmed that these lines could be distinguished under high magnification.
Traditional craze lines appear as continuous lines reaching the enamel surface and can be stained,
whereas internal craze lines are shorter, do not extend to the surface, and cannot be stained.

Conclusion: The identification of internal craze lines presents significant clinical implications.
Differentiating between traditional and internal craze lines can enhance diagnostic accuracy and
inform treatment decisions. Recognizing internal craze lines might indicate different etiologies or
risk profiles compared to traditional craze lines, influencing preventive and therapeutic strategies in
dental practice. Further research is needed to explore the prevalence, causes, and long-term impacts
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of internal craze lines.

Introduction

Craze lines are a common occurrence in dental enamel,
particularly in anterior teeth, and are often considered a
natural part of the aging process [1,2]. They are generally
confined to the enamel, do not extend into the dentin, and are
typically regarded as nonstructural and benign [3-5]. Visible
to the naked eye and more pronounced with magnification
or plaque-disclosing dyes such as methylene blue, craze lines
are often dismissed as aesthetic concerns [6]. They can occur
on buccal surfaces, lingual surfaces, or both [7]. However, it is
increasingly recognized that they may serve as early indicators
of more significant structural issues within the tooth [8].

Historically, craze lines have been classified as superficial
hairline cracks posing minimal risk to the overall tooth
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integrity [9,10]. These lines are usually the result of mechanical
forces, thermal stresses, and normal wear and tear over time
[11]. Since they do not typically involve the dentin, they are
considered “nonstructural” and do not require intervention
unless for cosmetic reasons [12-16]. Conversely, cracks
penetrating the dentin are deemed “structural” and warrant
treatment to prevent further damage or potential tooth
fracture [4].

The clinical relevance of craze lines lies in their potential
to serve as indicators of the overall structural integrity of a
tooth. While traditionally viewed as non-threatening, the
increased use of magnification in dental practice has revealed
more about their characteristics and implications. According
to the American Association of Endodontists, craze lines are
classified among the five types of longitudinal tooth fractures,
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alongside fractured cusps, cracked teeth, split teeth, and
vertical root fractures [17]. This classification underscores
the importance of recognizing and understanding craze lines
within the broader context of tooth fractures.

Craze lines can be stained to help distinguish them from
deeper structural fractures. However, transillumination,
while useful, can exaggerate the appearance of all cracks,
making it difficult to differentiate between benign craze lines
and more significant structural cracks. Subtle color changes
indicating deeper issues can also be rendered invisible with
this technique.

Currently, magnification and operating microscopes
are becoming popular for precision in dentistry, aiding in
observation and diagnosis [18,19]. Under magnification, craze
lines comprise two types. One type, the proponent lines, reach
the enamel surface and are sometimes tactile. The other type
comprises sub-lines that do not reach the surface (Figure 1).
This study aims to differentiate between these two types
based on their appearance and characteristics under visual,
cross-sectional, and intraoral examination. This distinction
enhances diagnostic accuracy, enabling better differentiation
between purely aesthetic concerns and potential structural
issues, highlighting the importance of advanced magnification
tools in modern dental practice. By identifying internal
craze lines as a distinct type of enamel anomaly, this study
introduces a novel classification with important diagnostic
and clinical implications.

Method and materials

Four anterior teeth were selected for this study from
four patients, all of whom required tooth extraction due to
advanced periodontal damage. The selection was based on
the presence of both visible and internal craze lines in the
teeth. These included one upper incisor, two lower incisors,
and one lower canine. Prior to examination, the teeth were
thoroughly cleaned to remove debris, remnants of the
periodontal ligament, and tartar or calculus, ensuring clear
and uncontaminated observation of the enamel structures.
Verbal informed consent was obtained from all patients for
the inclusion of their extracted teeth, clinical data, and images
in this research and subsequent publication.

Figure 1: The photograph shows a detailed view of a tooth during restorative
treatment for wear dentition. A central, long craze line runs from the cervical line
to the incisal line, slightly stained and clearly visible. Additional lines, mainly on the
sides, do not reach the surface but are revealed due to their angle and the lighting,
appearing wider and more pronounced.
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The objective was to conduct visual inspection and
cross-sectional analysis to closely examine and differentiate
between these two types of lines. Visual inspection in this
study focused on examining traditional and internal craze
lines within the enamel. Using the Euromex NexiusZoom (Evo)
microscope from the Netherlands, equipped with black-and-
white and twilight filters, researchers meticulously analyzed
the dimensions and appearance of these lines. The lower
canine presented both types of lines on its lingual and buccal
surfaces, necessitating comprehensive photography using the
ImageFocusAlpha program. Similarly, two lower incisors and
one upper incisor exhibited lines exclusively on their buccal
surfaces, selected for photographic documentation. Images
were captured at various magnifications to ensure a thorough
examination of traditional and internal craze lines.

For cross-sectional analysis, each of the four teeth was
meticulously sectioned using a diamond bur under cooling to
maintain optimal conditions. A diamond disk was specifically
employed for precise sectioning. These sections were then
examined under a stereo microscope equipped with filter
options using the Euromex NexiusZoom (Evo) microscope
from the Netherlands. This setup facilitated detailed
observation and analysis of structural differences between
traditional craze lines and newly discovered internal craze
lines within the enamel. Additionally, the ImageFocusAlpha
program associated with the microscope enabled the
measurement of craze line lengths, enhancing the accuracy of
evaluation and comparison across all specimens.

Results

Microscopic examination of the selected anterior teeth
revealed two distinct types of craze lines. The first type,
the traditional craze line, extends from the Dentin-Enamel
Junction (DEJ) to the surface of the enamel. These lines were
observed as continuous cracks traversing the entire thickness
of the enamel, from the outermost surface to the DE]. They
were clearly visible under the microscope, appearing as
uninterrupted lines through the enamel.

Conversely, the newly identified internal craze lines
originated at the DE] but stopped midway through the
enamel. These lines did not reach the enamel surface and
were significantly shorter than traditional craze lines.
They terminated within the enamel layer, marking a clear
morphological distinction. Numerous instances of both types
of cracks were found in the small sections of enamel studied,
indicating their common occurrence.

Visual inspection

Before sectioning, visual inspection of the same teeth
provided further insight into these craze lines (Figures 2-6).
Traditional craze lines were highly exposed and easily
visible, often appearing slightly darker than the surrounding
enamel. These lines commonly extend from the cervical to the
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Figure 2: A. A lingual view of the lower canine, where distinct craze lines are prominently visible due to staining. This staining indicates a prolonged period of intraoral
functioning, contributing to the formation and visibility of these lines. B. The same lingual view under a black-and-white filter. This high-contrast setting reveals the craze lines
from another perspective, emphasizing their structure and presence on the tooth surface. C. Under a twilight filter, the defects in the lower canine become more pronounced. Even
the internal craze lines, which are less noticeable under normal conditions, become more evident, illustrating the finer details of the tooth’s surface. D-G. Zoom into the craze
lines to highlight their unique characteristics. The intricate patterns and pathways of these lines are captured in greater detail, showing their complexity. As the magnification
increases, additional features invisible in a standard view become apparent, providing insight into the fine structure of these lines. A detailed examination showcases their depth
and intersections across the enamel, enabling a closer examination of the patterns formed over time. H-1.150x magnification, revealing traditional and internal craze lines. The
internal craze lines become more apparent, showing their characteristic of not reaching the outer surface of the enamel. Unlike continuous craze lines, internal craze lines are
not continuous and appear segmented. The striae of Retzius act as a barrier between internal craze lines and the outer enamel, affecting only their appearance.

Figure 3: A. Buccal view of the lower canine. This view portrays the distinct characteristics and visibility of each craze line. B-C: The same buccal view with different filters.
Each filter highlights specific and distinctive characteristics of the craze lines. Compared to internal craze lines, the traditional craze lines appear longer and darker, especially
when stained and viewed under these filters. D-I: Zoom in on areas where the traditional and internal craze lines are proximal. This detailed view enables easier comparison
between the two. It is clarified that internal craze lines appear thicker than traditional craze lines. This is not due to their actual width but how diagonal light reflects off them,
creating the illusion of greater thickness. Additionally, the sectional view emphasizes the noticeable distinction of internal craze lines, highlighting their segmented appearance.
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Figure eries of images depicts the lower second incisor, captured in macro photography with various filters. A-B reveal superficial staining and subgingival tartar.
However, the most striking features are the two craze lines. The first, a central craze line, runs vertically from the cervical third of the tooth to the incisal edge. This line
is prominently visible across the images. The second, a shorter internal craze line, is located on the mesial side. This line appears to lie deeper within the tooth structure,
suggesting it is beneath a superficial enamel layer. As the images progress from D to I, the camera gradually zooms in on these craze lines, ensuring both are within the frame for
better comparison. Throughout all the images, the primary craze line remains clearly visible, while the secondary internal craze line appears to be situated deeper, enhancing

the perception that a layer of enamel overlays it.

Figure 5: This series of images features a central incisor with a wear facet, where the incisal enamel is translucent. Across the three macro images (A-C), both the traditional
and internal craze lines are distinctly visible. The use of filters enhances the prominence of the internal craze lines, making them even more dominant. The primary craze line
is centrally located, extending from the cervical third of the tooth to the incisal edge. Surrounding this main line are numerous internal craze lines. The primary craze line is
significantly longer, measuring more than double the length of the internal craze lines. As the images progress from D to F, a gradual zoom occurs, capturing both the primary
and internal craze lines within the same frame for better comparison. With the filters applied, a noticeable contrast difference is visible between the primary craze line and the
internal craze lines, highlighting the intricate details and varying depths of these features.
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Figure 6: A-F This series of images showcases a lower incisor with a prominent craze line extending from the cervical region to the incisal edge. Initially, a direct buccal view
reveals almost no visible internal craze lines. However, when viewed from a mesiobuccal angle, some internal craze lines become apparent in the cervical area. It appears that

the primary craze line, which is more prominent at the incisal edge, transforms into internal craze lines near the cervical region. Zooming in on these features and using twin
light filters makes all these defects distinctly visible, facilitating detection and diagnosis. The filters enhance the clarity of the primary craze line and the more subtle internal
craze lines, highlighting the intricate details and making the imperfections more noticeable.

incisal edge of the tooth. Conversely, internal craze lines are
presented differently. They were more subtle and typically
required viewing from a specific angle to be observed. These
lines appeared white and were usually visible only under
certain lighting conditions and angles. They did not extend
across the full height of the tooth and were typically 1-2 mm
in length. Despite being less prominent, internal craze lines
were found to be more numerous than traditional craze lines
in the observed samples.

A detailed lingual view of the lower canine revealed distinct
craze lines prominently visible due to staining (Figure 2).
This staining indicated a prolonged period of intraoral
functioning, contributing to the formation and visibility of
these lines. Viewing the same lingual surface under a black-
and-white filter provided a high-contrast setting, revealing
the craze lines from another perspective and emphasizing
their structure and presence on the tooth surface. Under a
twilight filter, even the internal craze lines, which were less
noticeable under normal conditions, became more evident,
illustrating the finer details of the tooth’s surface.

Zooming into the craze lines highlighted their unique
characteristics. The intricate patterns and pathways of
these lines were captured in greater detail, showing their
complexity. As magnification increased, additional features
not visible from a standard view became apparent, providing
insight into the fine structure of these lines. This detailed
examination showcased their depth and how they intersected
across the enamel, enabling a closer view of the patterns
formed over time.

At 150x magnification, traditional and internal craze lines
became more apparent in all samples. Internal craze lines,
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unlike continuous craze lines, appeared segmented and did
not reach the outer surface of the enamel. The striae of Retzius
acted as a barrier between internal craze lines and the outer
enamel, affecting only their appearance (Figures 2H-I, 3G-I).

Cross-sectional analysis

In vitro observations demonstrated that traditional craze
lines extended from the outer enamel surface to the DE],
while internal craze lines spanned from the mid-enamel or
the border between the outer and inner enamel to the DE]
(Figures 7-11). This differentiation highlighted the structural
variance between the two types of lines. Traditional craze
lines are continuous lines running through the entire enamel
thickness, whereas internal craze lines are confined within
the inner enamel layer, not reaching the surface.

A cross-sectional view of the lower canine’s lingual side
showcased the slice under various filters, highlighting four
distinct craze lines (Figure 7). As the images zoomed in on
these lines, the internal craze lines became fainter and more
challenging to observe compared to the main craze line.
Staining of the craze lines penetrated beyond the surface,
indicating a deeper structural impact.

In another series, a buccal view of the lower canine
revealed the distinct characteristics of each craze line (Figure
8A-1). Different filters highlighted specific characteristics, with
internal craze lines appearing thicker due to light reflection
despite their actual width. Zooming in on areas where
traditional and internal craze lines were in close proximity
enabled easier comparison, emphasizing the segmented
appearance of internal craze lines (Figure 10A-I).

The images of a lower incisor captured in macro
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Figure 7: Cross-sectional view of the coronal part of the lower canine, focused on the lingual side. A-C display the same slice under different filters, highlighting various aspects
of the craze lines. Four distinct craze lines are clearly visible. D-F zoom in on the two craze lines, where Fig 2 displays the images taken before slicing. G-I further zoom in on the
rightmost craze line under different filters, revealing subtle internal craze lines, which are fainter and more challenging to observe than the main craze line. Notably, the staining
of the craze lines is intriguing, as it penetrates beyond the surface into the craze line. The internal craze lines on this site are very short.

Figure 8: Zooming in on the buccal side of the same lower canine. A-C reveal the sliced piece under different filters to make the craze lines obvious, where only one craze line
is visible on the buccal side. D-F zoom in on the area near the craze line to magnify the internal craze lines. G-I zoom in on the internal craze line, which is less visible than the
main craze line but is present, starting from the DE]J and stopping within the inner enamel.
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Figure 9: Sliced piece of a lower incisor, with the whole tooth shown in Fig 4. A-C highlight the lingual craze line under different filters. Since Fig 4 focuses on the buccal side, that
side is examined here. D-F zoom in on the traditional and internal craze lines of the buccal side, making them more visible with the use of filters. G-I show both the traditional
and internal craze lines in one frame, positioned near each other. The traditional craze line extends from the DE]J to the outer enamel surface, while the internal craze lines start
at the DE]J but do not reach the outer enamel, giving them a unique intraoral appearance.

Figure 10: Cross-section of the upper central incisor, with the pre-slicing view shown in Figure 5. A. Although the composite restoration and wear on the palatal side have left
almost no enamel, the focus is on the traditional and internal craze lines of the buccal side. B-F zoom in on both the traditional and internal craze lines. The staining of the craze
line is more pronounced here, infiltrating deep into the craze, which should be considered during aesthetic treatments for patients. G-I show the same traditional and internal
craze lines under different filters. Additionally, the striae of Retzius of the enamel are visible in these images, influencing the appearance of the internal craze lines.
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Figure 11: A-I Lower incisor with a craze line on the central buccal surface and internal craze lines visible near the proximal edges. The images focus on the internal craze lines,
which are distant from the main craze line. Almost five internal craze lines of varying lengths are visible near the edge.

photography (Figure 9A-C) showed both the traditional craze
line and surrounding internal craze lines. The traditional
craze lines, significantly longer and more prominent, were
centrally located, while internal craze lines were shorter and
positioned deeper within the tooth structure.

As the images progressed, the camera zoomed in on these
craze lines, ensuring both were within the frame for better
comparison. The use of filters enhanced the prominence of
the internal craze lines, making them more dominant and
highlighting their intricate details (Figure 9D-I).

A cross-section of the upper central incisor focused on the
buccal side, with the pre-slicing view revealing pronounced
staining and internal craze lines (Figures 5,10). Zooming in on
these lines under different filters showed the striae of Retzius
influencing the appearance of the internal craze lines. The
staining of the craze line was more pronounced, infiltrating
deep into the structure, which is crucial for aesthetic
considerations in dental treatments.

The lower incisor images with internal craze lines visible
near the proximal edges highlighted the segmented nature of
these lines (Figures 6,11). Zooming in with twin light filters
made all defects distinctly visible, enhancing detection and
diagnosis. The filters improved the clarity of traditional and
internal craze lines, showcasing their intricate details and
making imperfections more noticeable.

Microscopic examination of anterior teeth revealed two

distinct types of craze lines: traditional craze lines, extending
from the dentin-enamel junction (DE]) to the enamel
surface, and internal craze lines, which originate at the DE]
but terminate within the enamel. A study by Li, et al. [20]
highlights the challenge of distinguishing these craze lines
from more severe cracks, such as Enamel-Dentin (ED) cracks,
using traditional methods [20]. The study utilized ICG-NIRF
imaging to detect craze lines and ED cracks, demonstrating
that ED cracks create a significant brightness contrast
between the sides of the crack, while craze lines show little to
no contrast. This imaging method could differentiate enamel-
only cracks like craze lines from deeper ED cracks, offering
a more reliable diagnostic tool than current surface-based
practices, which often fail to detect crack depth or severity.
Li et al’s findings provide a modern context for comparing
the traditional and internal craze lines observed in this study,
highlighting advancements in imaging technologies that could
improve crack detection and diagnosis.

Discussion

Traditional craze lines, which extend from the DE] to the
enamel surface, are easily identifiable as continuous cracks
traversing the entire enamel thickness. Intraorally, these lines
appear darker than the surrounding enamel and can often be
detected tactilely with a dental probe. However, internal craze
lines originate at the DE] but stop midway through the enamel,
appearing as shorter, white lines requiring specific angles and
lighting to be observed (Figure 12).

https://doi.org/10.29328/journal.jcad. 1001044
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Figure 12: This image captures internal craze lines observed during a routine
examination of a middle-aged patient. The photographs were taken using an operative
microscope, with the angle from the mesial side enhancing the visibility of the lines.
The short, thick, and chalky white lines are striking.

The advent of magnification and high-tech dental
photography has become indispensable, particularly in
restorative and endodontic treatments, enabling the detailed
observation of enamel anomalies [4]. These technologies are
now more commonly used, revealing many anomalies that
were previously difficult to detect. However, transillumination
is unsuitable for distinguishing between benign craze lines
and more significant structural cracks, as it tends to amplify
the appearance of all cracks (Figure 13) [21].

In histological diagnosis, internal craze lines could be
confused with other structures, such as enamel tufts. These
tufts are hypomineralized regions comprising enamel rods
and interprismatic substances that form due to the spatial
adaptation of crystals within the enamel [22]. These natural
defects originate from the DE] and extend into one-third of
the enamel thickness [23]. Enamel tufts, typically about 200
micrometers in height, are shorter and smaller than internal
craze lines, which are about 1000 micrometers in height,
appearing as wavy structures filled with organic material
(Figure 14) [24]. They are considered intrinsic defects that can
act as initiation points for internal cracks within the enamel.
Although tufts can contribute to the formation of internal
craze lines, they are also involved in stress distribution within
the enamel, enhancing its mechanical properties despite being
areas of weakness.

Although the origin of enamel tufts has not been clearly
established, a correlation exists between internal craze
lines, age, and parafunctional habits. These defects are more
frequently observed in middle-aged and older patients [24].

In restorative dentistry, the ability to distinguish between
traditional and internal craze lines has significantimplications.
For example, traditional craze lines can often be masked or
cleaned to remove stains using air particle abrasion and resin
materials. This is not the case with internal craze lines, which
lie deeper within the enamel and are more challenging to
mask effectively. Recognizing the presence of internal craze
lines allows practitioners to make informed decisions about
the depth of intervention required. In minimally invasive
restorative treatments aimed at aesthetic improvements,

https://doi.org/10.29328/journal.jcad. 1001044

Figure 13: Transillumination is a well-established and reliable clinical method for
detecting cracks and craze lines invisible under normal light. This technique can
reveal most craze lines and their lengths with remarkable clarity. However, it still
poses challenges in distinguishing between superficial and deeper internal craze lines.

Figure 14: Measurement of the height of traditional and internal craze lines using
the ImageFocusAlpha program shows that craze lines extend through the entire
thickness of the enamel in that region, whereas internal craze lines are only about
1000 micrometers in height.

understanding that internal craze lines are embedded deeper
in the enamel means that removing or masking these lines may
require sacrificing more of the outer enamel. This knowledge
helps dental professionals balance the aesthetic outcomes
with preserving tooth structure.

The striae of Retzius, which marks changes in enamel
growth and content, significantly influences the appearance
of internal craze lines (Figure 15). While they do not act as
physical barriers, they affect the visibility and apparent
segmentation of internal craze lines. The striae of Retzius are
visible under different filters and contribute to how internal
craze lines are perceived, differentiating them from the
continuous nature of traditional craze lines.

Although internal craze lines are not immediately
indicative of deeper structural damage, their presence
could compromise the enamel’s resilience to ongoing stress,
potentially leading to the propagation of deeper cracks
or fractures. This could influence treatment decisions in
restorative dentistry, as practitioners must weigh the risks
of leaving these defects untreated against the potential harm
that could arise from more invasive interventions. Monitoring
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Figure 15: AB: In the cross-sectional analysis of the examined teeth, the striae of

Retzius are remarkably prominent. These lines are also clearly visible on visual
inspection and directly influence the appearance of internal craze lines.

internal craze lines over time, especially in patients with high
occlusal forces or habits such as bruxism, could be critical
in preventing progression into more significant enamel or
dentin damage.

Additionally, the knowledge of internal craze lines
aids in managing patients presenting with these features.
Knowing that internal craze lines are more numerous yet
less conspicuous than traditional craze lines underscores the
need for thorough examinations using magnification. This
ensures that all structural anomalies are accounted for during
diagnosis and treatment planning.

Regarding the limitations of this study, one important
factor is the reliance on magnification and high-tech dental
photography for the detection and analysis of internal
craze lines. While these technologies are becoming more
widely available, they may not be universally accessible in
all clinical settings, limiting the broader applicability of the
findings. Additionally, this study does not explore the long-
term progression of internal craze lines or their potential
impact on tooth longevity, focusing instead on structural
characteristics rather than clinical outcomes. Future research
should address these gaps by conducting longitudinal studies
to assess the long-term behavior of internal craze lines across
diverse patient populations. Investigating the conditions
that contribute to their formation, such as the role of enamel
tufts, could offer valuable insights into preventive strategies
and help develop treatment protocols aimed at halting the
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progression of these internal defects. This knowledge would
ultimately improve clinical outcomes and provide clearer
guidance for clinicians when managing internal craze lines.

Future research must focus on exploring the prevalence,
causes, and long-term impacts of internal craze lines.
Investigating the conditions leading to their formation, such as
the role of enamel tufts, could provide insights into preventive
strategies and improve clinical outcomes.

Conclusion

The identification of internal craze lines within human
enamel holds significant clinical implications. Differentiating
between traditional craze lines, which extend from the DE] to
the enamel surface, and internal craze lines, which terminate
midway through the enamel, can enhance diagnostic accuracy
and inform treatment decisions. Recognizing internal craze
lines may indicate different etiologies or risk profiles compared
to traditional craze lines, thereby influencing preventive and
therapeutic strategies in dental practice. The identification of
internal crazelinesasanovel category enhances understanding
of enamel integrity and provides a foundation for improved
diagnostic and treatment approaches. Further research is
required to explore the prevalence, causes, and long-term
impacts of internal craze lines, ultimately improving the
understanding and management of these dental anomalies.
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