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KEY POINTS

� Radiographic imaging serves as an indispensable tool for diagnosing and managing peri-
odontal disease, identifying bone loss, defects, and formulating treatment strategies.

� Radiographic examination plays a crucial role in implant planning, as it is essential for
evaluating bone dimensions and ensuring proper implant placement to achieve success-
ful outcomes.

� CBCT provides a comprehensive view of the implant site and becomes especially impor-
tant when traditional radiographs do not offer sufficient information.

� Radiographs also play a significant role in diagnosing peri-implant diseases, helping iden-
tify complications, and enabling timely intervention to preserve the of dental implants.
INTRODUCTION

Periodontal diseases are conditions that affect the periodontium, which comprises the
supportive structures surrounding a tooth, including gingival tissue, alveolar bone,
cementum, and periodontal ligament.1 Gingivitis is the milder form of periodontal dis-
ease, affecting up to 90% of the population and reversible with improved oral hygiene.
On the other hand, periodontitis is a chronic, irreversible, and more severe inflamma-
tory disease state.1 It is the most prevalent chronic oral disease affecting the adult
population in the United States, with 64.7 million (42.7%) American adults diagnosed
with mild, moderate, or severe periodontitis.2 Periodontal disease initiation and prop-
agation is caused by dysbiosis of the commensal oral microbiota present in the dental
plaque, which disrupts the balance and interactions with the host’s immune defenses,
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ultimately leading to inflammation and disease.3 A comprehensive clinical and radio-
graphic examination is crucial for effectively diagnosing and managing patients with
destructive periodontal diseases. Attachment level should be assessed clinically
through periodontal probing. However, radiographic examination is still necessary
to evaluate bone levels and morphology.4
RADIOGRAPHIC IMAGING IN PERIODONTAL DISEASE

Conducting an Initial assessment of periodontal tissues establishes a diagnostic base-
line, while periodic evaluations monitor disease progression and treatment outcome.5,6

Radiography plays a vital role in assessing the status of hard tissues and identifying
various pathologies.5 It also allows for assessing the condition, planning, and executing
appropriate treatment.6 Two-dimensional (2D) radiographic techniques including bite-
wing, periapical, and panoramic radiographs are commonly employed for the diagnosis
of periodontal disease.7 Panoramic radiographs can be utilized to obtain an overall view
of the patient’s entire dentition, jaws, and related structures (Fig. 1A–C, 2A–C). Despite
the improved image quality of intraoral images, which are typically favored for assessing
bone level andmorphology, the literature suggests that thepanoramic image is sufficient
only if supplementedbyvertical or horizontal bitewings.4 Thevertical bitewing is themost
useful intraoral radiograph (IR) for assessing periodontal disease and bone levels due to
its thorough visibility and minimal distortion.4 2D radiographs are commonly employed
due to their ease of acquisition, cost-effectiveness, and ability to produce high-
resolution images.7 Nevertheless, they come with limitations, including overlapping
anatomic structures, challenges in standardization, and potential underestimation of
bone defects.8,9 To overcome the limitations of 2D radiographs, three-dimensional
(3D) imaging techniques, such as cone-beam computed tomography (CBCT) are
employed. CBCT provides 2D and 3D images essential for diagnosing and planning
treatment for intra-bony defects, furcation involvements, and buccal/lingual bone de-
structions.8,10 While periapical radiographs are limited in providing information about
the extent of furcation bone loss, CBCT images offer high-resolution views that enable
accurate assessment of defects, roots involved, and lesion dimensions, making it valu-
able in evaluating furcations and interradicular bone in periodontics.11 In cases with
extensivebone loss that led to furcation involvement, anaccuratediagnosis of interradic-
ular bone loss is an important factor before decidingon the appropriate treatment.12 Pre-
vious studies indicated that CBCT images were more effective in detecting periodontal
defects compared to other radiograph types. Furthermore, CBCT showed higher diag-
nostic accuracy than periapical radiographs in identifying interradicular bone loss.13,14

Another studyconcluded thatCBCT imagesofmaxillarymolarsoffer comprehensivede-
tails on furcation involvement, providing a dependable foundation for making treatment
decisions.11 Additionally, 2D radiographs may not be sufficient in detecting intra-bony
alveolar defects because the cortical plate can obstruct changes in spongy bone. There-
fore, 3D imaging is necessary to accurately outline the alveolar defects.8 It can be
concluded that CBCT images offer extra details, including the dimensions of bony de-
fects in the buccolingual direction, the number of bony walls present at different levels
of the defect, and the presence or absence of dehiscences and/or fenestrations15,16

(Fig. 3A and B).
The 2017 American Academy of Periodontology consensus supports a combination

of 2D radiographic series and clinical probing as the gold standard for periodontal
evaluation. However, CBCT imaging is recognized as beneficial in specific cases,
such as detecting advanced furcation lesions, assessing dental implant options,
and diagnosing complex conditions.17 Ongoing research demonstrates the increasing
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Fig. 1. Conventional 2D Radiographs. (A) Periapical view showing severe marginal bone
resorption around the mandibular incisors. (B) Horizontal bitewing showing generalized
interproximal calculus buildup. (C) Panoramic view provides a broad view of the dentition
and marginal periodontium.
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value of CBCT in certain clinical scenarios, providing valuable insights for the profes-
sion.17 More research is needed to validate its benefits and address potential limita-
tions. While offering valuable information, thorough evaluation of the expenses and
radiation exposure compared to the conventional radiographs is essential before
incorporating CBCT into routine clinical practice.4,12

RADIOGRAPHIC IMAGING IN DENTAL IMPLANT

Radiographic examination is a fundamental step in implant planning because it pro-
vides essential information about the patient’s anatomy, bone quality, and dimensions
of the implant site. It helps to determine the most accurate Implant position and plan
the procedure accordingly.18–21 While panoramic and intraoral periapical radiographs
can provide valuable information, they have limitations (Fig. 4A–C, 5A and B). 2D im-
aging can suffer from distortion, magnification, and elongation, which may affect the
accuracy of dimensional measurements and can lead to potential errors during treat-
ment planning. CBCT addresses the limitations of 2D imaging and offers superior
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Fig. 2. (A) Panoramic view shows a well-defined, radiolucent lesion between the mandib-
ular right premolars. (B) Periapical image shows the same lesion. (C) Periapical image shows
the bone healing 3 months after enucleation and bone grafting. The histologic study re-
vealed a lateral periodontal cyst.
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image quality. It provides detailed cross-sectional images that enable precise mea-
surements of alveolar ridge width, height, and angulation.19,20 CBCT is particularly
useful in assessing complex anatomy where accurate measurements are crucial for
successful and safe implant placement (Fig. 6A–D). Moreover, CBCT when combined
with computer guidance is a powerful tool that enhances the entire implant therapy
process. It facilitates proper coordination between the diagnostic, surgical, and pros-
thetic aspects, leading to more predictable outcomes for patients undergoing dental
implant treatment22 (Fig. 7A–D, 8A–E). The choice of radiographic modality for post-
operative assessment of dental implants depends on the complexity of the case
and the specific clinical circumstances. Intraoral periapical radiographs are suitable
for routine assessment of individual implants, while panoramic radiographs can pro-
vide an overview of multiple implants. However, in cases of complications like local
infection or nerve injury, CBCT imaging is indicated to obtain more detailed informa-
tion and aid in appropriate management.23 There is a consensus among dental implant
societies that thorough clinical examination and 2D radiographs are the first steps in
assessing an implant site.18–22,24,25 However, when more detailed information is
required for complex cases, CBCT is considered superior to 2D radiographs.19,20,24
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Fig. 3. Limited field-of-view (FOV) CBCT scan. (A) Sagittal CBCT image shows a deep, infrab-
ony defect along the mesial root of the maxillary second M (arrow). (B) Axial CBCT section
reveals a three-walled vertical defect (arrow).
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The use of CBCT should be justified based on the individual patient’s needs, and ra-
diation dose optimization is essential to minimize risks.18,20,26 Reviewing the CBCT
data by a skilled healthcare provider is also emphasized to ensure accurate interpre-
tation and diagnosis.18,20,25 Different organizations have specific recommendations
for when to use CBCT, with some suggesting it only in critical anatomic situations
and guided surgery,18–20,22,24 while others advocate for its use in most treatment
cases.25

PERI-IMPLANTITIS

Dental implants are widely regarded as a viable and enduring solution for the replace-
ment of missing teeth.27 High survival rates, ranging from 95% to 98% over a 10-year
period, have been reported.28 Nevertheless, their utilization is accompanied by a range
of complications, with biological complications being themost frequently encountered.
These include soft tissue dehiscence, marginal bone loss, peri-implant mucositis, and
peri-implantitis.29 Peri-implantitis refers to a persistent inflammatory condition that
leads to the deterioration of the tissues encompassing the dental implant.30 The
Fig. 4. (A) Periapical view shows the available alveolar bone height and mesiodistal width at
the proposed implant site. (B) Radiographic stent indicating the intended implant’s mesio-
distal angulation and osteotomy depth. (C) Immediate postoperative evaluation of implant
placement.
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Fig. 5. (A) Panoramic radiograph shows multiple missing and grossly decayed teeth associ-
ated with generalized alveolar bone resorption. (B) Postoperative image showing multiple
implant placement in both arches for overdentures.

Fig. 6. (A) Axial CBCT view shows a large cyst in the right anterior maxilla. (B) Cross-sectional
CBCT images show the cyst has caused expansion and erosion of the facial plate. (C and D),
Axial and cross-sectional images show bone healing 6 months after a successful guided bone
regeneration procedure.
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Fig. 7. (A) Periapical image shows a non-restorable mandibular first molar. (B-D), CBCT im-
ages show virtual digital planning taking into consideration the future crown and site
anatomy.

Radiology for Periodontal and Peri-implant Disease 253
prevalence of peri-implantitis varies significantly, spanning from 2.7% to 47.1%. This
wide range can be attributed to various etiologic factors and different disease defini-
tions related to peri-implant conditions.27 Signs of peri-implant tissue inflammation,
such as deep probing depth or bleeding upon probing, in conjunction with progressive
bone loss, are commonly observed in implants affected by this ailment.31 Tissue
inflammation, which involves symptoms like redness, swelling, and enlargement of
the mucosal tissue, is commonly observed in both peri-implant mucositis and peri-
implantitis. However, the key distinguishing factor for peri-implantitis is the presence
of radiographic bone loss.32 Previous study by Derks and colleagues (2016) demon-
strated that peri-implantitis might develop soon after implant placement. Fifty-two
percent of the implants showed early signs of bone loss (>0.5 mm) after the second
year of placement, while 66% of implants exhibited bone loss after the third year in
function.33 The 2017 world workshop established that peri-implantitis diagnosis re-
quires the presence of bleeding and/or suppuration on gentle probing, increased prob-
ing depth compared to previous examinations, and bone loss beyond crestal bone
level changes resulting from initial bone remodeling.34 In the absence of previous
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Fig. 8. (A) Periapical image shows a horizontal fracture in the maxillary right central incisor
caused by a traumatic injury. (B) Cross-sectional CBCT image provides additional details
about the buccal bone and root position in the alveolar bone. (C) Axial CBCT section dem-
onstrates bucco-palatal position of the proposed implant site. (D) Immediate postoperative
periapical view showing placed implant with a customized healing abutment attached. (E)
13-month follow-up periapical view demonstrating crestal bone stability.

Ismail & Al Yafi254
examination data, peri-implantitis can be diagnosed based on the combination of
bleeding and/or suppuration on probing, probing depths of more than or equal to
6 mm, and bone levels more than or equal to 3 mm apical to the intra-osseous part
of the implant.34
RADIOGRAPHIC IMAGING IN PERI-IMPLANTITIS

The marginal bone around the implant crestal region serves as a crucial indicator of
implant health. Measurement of the crestal bone level during initial surgery and sub-
sequent radiographic evaluations are common methods to assess bone loss.35 Ac-
cording to Froum and colleagues (2012), peri-implantitis severity was classified into
3 main categories based on probing depth and the amount of bone loss: early, mod-
erate, and advanced. In the early stage, bone loss is less than or equal to 25% of the
implant length, in the moderate stage, it ranges from 25% to 50% of the implant
length, and in the advanced stage, bone loss exceeds 50% of the implant length.36

The shape of the peri-implant defect plays a crucial role in interventions aimed at
stopping and managing peri-implantitis.37 Various radiographic techniques are avail-
able to assess the success of dental implants.38 IRs are currently considered the
standard method for assessing the marginal bone level around implants, which
serves as the key indicator of peri-implantitis.34 Additionally, panoramic radiographs
can also be used for diagnosing peri-implantitis.26 While IRs are sufficient for display-
ing the superimposed interproximal bone level, they lack the capability to visualize the
facial and lingual/palatal bone39 (Fig. 9A and B). However, 3D radiographs such as
CBCT, enable the evaluation of all 4 bony walls of the defect, are considered superior
to the 2D radiographs.35 Moreover, CBCT provides enhanced information by allowing
the evaluation of buccal and lingual bone plates around implants in both vertical and
horizontal dimensions40 (Fig. 10A–C). A study by Ritter and colleagues (2017) evalu-
ated the accuracy of 3D CBCT and IRs in visualizing peri-implant bone when
compared to histology. The study indicated that both CBCT and IR showed similar
results in assessing medial and distal bone levels. However, CBCT proved to be su-
perior in evaluating the oral and buccal bone, though with some limitations.40 To
comprehensively evaluate peri-implant bone dimensions, cross-sectional imaging
becomes imperative. Conversely, while CBCT provides 3D images of peri-implant tis-
sues; nonetheless, artifacts frommetallic restorations and implants limit image quality
and interpretation, particularly in cases with thin bone or potential fenestration/
dehiscence.41
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Fig. 9. (A) Periapical image for a tissue-level implant showing vertical bone loss on the
mesial and distal aspects up to the second thread. (B) Six-months postoperative image
showing significant bone regeneration following a regenerative procedure.

Fig. 10. Follow-up CBCT study for a case of full-arch implant restoration. (A) CBCT-
reformatted panoramic image. (B) Axial view. (C) Cross-sectional views show bone loss on
the facial aspect of dental implants.
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SUMMARY

In conclusion, 2D and 3D radiographic imaging are valuable tool for periodontal and
peri-implant disease management. It provides detailed information that can signifi-
cantly enhance patient care and treatment outcomes. However, its use should be judi-
cious and based on clinical indications to maximize benefits and minimize risks.

CLINICS CARE POINTS
� Radiographic imaging plays a crucial role in diagnosing and managing periodontal diseases.
Two-dimensional (2D) radiographs, including bitewing, periapical, and panoramic images
are commonly used. However, they have certain limitations, such as overlapping structures
and potential underestimation of bone defects. To overcome these limitations, 3-
dimensional imaging techniques, such as cone beam computed tomography (CBCT), have
been introduced. CBCT offers high-resolution and detailed views. CBCT is particularly
valuable in cases with extensive bone loss and furcation involvement.

� Radiographic examination is fundamental for planning and evaluating implant sites. While
panoramic and intraoral periapical radiographs can provide valuable information, CBCT is
considered superior for complex cases. It also facilitates proper coordination between
diagnostic, surgical, and prosthetic aspects, leading to more successful outcomes for dental
implant treatment.

� In the context of peri-implantitis, radiographic evaluation of the crestal bone level is crucial.
Intraoral radiographs are commonly used for this purpose, but they may not fully visualize
the facial and lingual/palatal bone. CBCT, provides a comprehensive evaluation of all bony
walls of the defect and allows for better assessment of the buccal and lingual bone plates
around implants in both vertical and horizontal dimensions.
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