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ABSTRACT
Introduction: The palatal bone is a suitable site for mini-implant placement due to it being a “rootless area” with dense 
bone. This application has increased with mini-implant-assisted rapid palatal expansion becoming the preferred method 
of expansion. It is necessary to measure the vertical bone height with a reasonable accuracy, at the implant insertion site, 
to utilize the maximum available bone support, and to avoid the risk of perforations. As an accepted method, full-volume 
cone-beam computed tomography (CBCT) scan is advised for the same. This requires an additional procedure, further, 
radiation exposure, and cost to the patient. The aim of the study was to establish the utility of lateral cephalogram as a 
simple and reliable method to measure palatal bone thickness for placement of mini-implants in the 1st  premolar and 
1st molar region, which are the most common sites of mini-implant placement.

Materials and Methods: A total of 30 CBCT scans and digital lateral cephalograms of patients were selected and analyzed at 
the 1st premolar and molar region and were statistically evaluated using Student’s t-test and Wilcoxon rank-sum test.

Results: The results obtained indicated a highly significant correlation between the measurements obtained on lateral 
cephalograms at both the 1st premolar and 1st molar areas, P < 0.001.

Conclusion: The data presented show that lateral cephalometry provides a reliable assessment of the quantity of vertical bone 
for paramedian insertion of a palatal implant.

Keywords: Cone-beam computed tomography, Digital cephalogram, Mini-implant-assisted rapid palatal expansion, Palatal 
bone, Palatal mini-implants.

INTRODUCTION

The use of mini-implants has become widespread in orthodontic practice. Their application has augmented 
the viability and versatility of using skeletal anchorage in many innovative ways. This is primarily because 
they lend themselves to immediate use, without waiting for osseointegration and provide reasonable 
stability on loading with orthodontic forces.

The interradicular spaces, though most common as mini-implant insertion sites, are limited by the proximity 
of periodontium of the neighboring roots, with a risk of damage to the roots and eventual implant failure. 
These risk factors can be avoided by the use of “rootless areas” such as the hard palate. In all probability, 
the palatal bone is the most suitable site for mini-implant placement due to its histomorphology and the 
simplicity of placing mini-implants in this area.[1-8] Furthermore, the thickness of the soft tissue of the 
median palate between the first and second premolars is, on average, 3.06–0.45 mm.[2] The median and 
paramedian areas of the palate consist of cortical bone, which is thick and dense enough to support a 
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Figure 1: (a) Measurements done on cone-beam computed tomography 
at the 1st premolar site coronal view. (b) Measurements done on cone-
beam computed tomography at the 1st premolar site sagittal view.

a b

mini-implant that can sustain orthodontic forces. This region has 
the obvious advantage of no anatomical structures such as nerves, 
blood vessels, or roots that can hinder the placement of mini-
implants.[9,10] This thickness, with the inherent characteristics 
of the palatal mucosa, warranties biomechanical stability for 
placement of mini-implants.[11-20]

Methods have been proposed to use palatal mini-implants for 
retraction of the anteriors and for molar distalization without loss 
of anchorage.[21-23] The palatal implants have been successfully 
used as an anchorage device for intrusion of few or all the 
maxillary teeth. It is also used as an indirect anchorage device 
to stabilize transpalatal arch. There are various other innovative 
applications of palatal mini-implants like implant-supported 
habit breaking appliance. The current interests in mini-implant-
assisted rapid palatal expansion have necessitated the methods to 
determine the thickness of the palatal bone so as to enable the 
use of the longest possible size of the implant to provide skeletal 
anchorage. The thickness of the palate bone is crucial to the 
stability of the implant. Palatal bone thicknesses differ in patients 
with different facial patterns. Sufficient bone depth would provide 
good mechanical retention and stability to the implant.[24] In case 
of monocortical insertion, it is important to know the width of 
the available bone to avoid perforation of the nasal floor or the 
maxillary sinus. In some applications, the suggested method of 
mini-implant insertion is bicortical engagement. In this type of 
insertion, the implant size has to be selected so as the tip of the 
inserted implant is perforating the bony floor of the nose and not 
the mucosal membrane.

It is necessary to measure the vertical bone height with reasonable 
accuracy, at the planned implant insertion site to utilize the 
maximum available bone thickness as well as to avoid the incidence 
of overextension of the mini-implant. Several studies have assessed 
palatal bone volume for the placement of mini-implants at various 
sites, as part of orthodontic treatment in children, adolescents, and 
young adults using cone-beam computed tomography (CBCT).[25-27] 
Studies have demonstrated that CBCT can provide accurate three-
dimensional (3-D) images of oral structures and can reflect the 
structure of palatal bones and variation in thickness at a particular 
level. Evaluation of palatal bone depth with CBCT is easy and 
accurate;[3,27] however, this involves additional cost, radiation 
exposure, time, and expertise associated with the CBCT scan.

Lateral cephalograms form an essential diagnostic aid to diagnose 
and plan the orthodontic treatment. These radiographs are routinely 
taken for almost every patient requiring orthodontic intervention. 
A  good quality digital lateral cephalogram will show the palatal 
bone with a sound clarity. Since the palatal bone is seen as a midline 
structure, with minimal distortion and superimpositions, it is 
possible that the thickness of the palate as measured on a lateral 
cephalogram will closely approximate the bone width measurements 
taken at the median and paramedian sites on a CBCT.

In conjunction with STROBE’s guidelines for observational 
studies, the present study was performed to evaluate and compare 

the palatal bone thickness measurement as taken on CBCT at 
median and 3 mm paramedian (to evaluate possible morphological 
variation) and lateral cephalogram in the 1st  premolar and 
1st  molar region, which are the most common sites of mini-
implant placement. The readings were recorded and analyzed to 
verify the extent of correlation on both lateral cephalogram and 
CBCT scans. The study was done with an aim to evaluate the 
feasibility of using lateral cephalograms with a certain degree of 
confidence as an investigation method for determining the palatal 
bone thickness for mini-implant insertion.

MATERIALS AND METHODS

All the CBCT scans and digital lateral cephalograms of patients 
were obtained from a CBCT scan center. The inclusion criteria 
were patients with malocclusion who were between 18 and 
40  years old. Subjects were excluded if they had missing teeth, 
cleft palate, impacted teeth, or any systemic illnesses. After all the 
inclusive and exclusive criteria were applied, 30 adults (11 men 
and 19 women) aged 18–35  years (mean age, 26.8  years) were 
selected.

The line passing through the midpoint of the posterior border of 
the foramen incisivum and the posterior nasal spine was defined as 
the midline. Along the midline, the midsagittal plane was created 
by multiplanar reconstruction. The image was aligned along 
the long axis of the maxillary 1st premolar [Figures 1a, b and 2] 
and 1st molar [Figures 2 and 3a, b] in all three planes and all the 
measurements were done along this plane. Measurements were 
taken in the sagittal and coronal section on the CBCT scans and 
similarly on the lateral cephalogram [Figure 2] in the sagittal view. 
Readings were taken twice by two operators. The operators were 
double blinded to avoid bias. As previous studies have reported, 
no significant differences were found between the left and right 
sides of the palate; hence, only data obtained from the right side 
were analyzed further.

RESULTS

Data were collected and statistically analyzed using the SPSS 
software. The results obtained indicated a highly significant 
correlation between the measurements taken on CBCT and 
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Figure 2: Measurements done on lateral cephalogram at the 1st premolar 
and 1st molar site.

Table 1: Descriptive statistics (n=30 observations).

Site of measurement Mean±SD (mm) 25th percentile (mm) Median (50th percentile) (mm) 75th percentile (mm)

1st premolar
CBCT coronal 3.14±1.08 2.4 2.95 3.8
CBCT sagittal 3.15±1.08 2.4 3.0 3.8
Lat ceph sagittal 3.14±1.09 2.4 2.95 3.8

1st molar
CBCT coronal 2.26±0.35 2.0 2.3 2.5
CBCT sagittal 2.23±0.33 2.1 2.3 2.4
Lat ceph sagittal 2.24±0.34 2.1 2.3 2.4

Table 2: Correlation of measurements.

1st premolar Correlation coefficient P

Lateral cephalogram sagittal
CBCT coronal 0.9993 <0.001
CBCT sagittal 0.9971 <0.001

1st molar Correlation coefficient P

Lateral cephalogram sagittal
CBCT coronal 0.9857 <0.001
CBCT sagittal 0.9648 <0.001

Figure 3: (a) Measurements done on cone-beam computed tomography 
at the 1st molar site coronal view. (b) Measurements done on cone-beam 
computed tomography at the 1st molar site sagittal view.

a b

lateral cephalograms at both the 1st premolar and 1st molar areas 
[Tables  1 and 2]. The variations in the reading taken on lateral 
cephalogram and CBCT had a distribution of the measurement 
error of 0  mm (for premolar) and 0.01  mm (for molar) values 
[Tables  3 and 4]. A  highly significant correlation (correlation 
coefficient = 82.3%) was found on the measurements taken on the 
common median and paramedian sites for mini-implant insertion. 
Thus, the values measured along the midpalatal line can be relied 
on to estimate the bone thickness 3–4 mm lateral to it. There was 
no statistically significant difference found between the means 
of measured bone thickness at the 1st premolar and 1st molar as 
seen on the lateral cephalogram and the CBCT (coronal view and 
sagittal view) [Table 5]. Student’s t-test was used to compare the 
means of the 1st premolar and 1st molar measurements. Wilcoxon 
rank-sum test was used to compare the means of the 1st premolar 
and 1st  molar measurements due to non-normal distribution of 
data. The graphical expression of the statistical finding done by 

taking CBCT measurements as the standard and comparing with 
the measurements taken on lateral cephalogram shows very close 
approximation in both premolar and molar readings [Graphs 1-4]. 
This confirms that readings taken on lateral cephalogram are as 
reliable as the ones taken on CBCT.

DISCUSSION

Accurate determination of available bone thickness is important 
for choosing the optimum length of the mini-implant for a 
particular insertion site. In case of sufficient thickness of bone, 
the longest possible mini-implant will have distinct mechanical 
advantages for stability under load.

Although “surgical” complications during the insertion of palatal 
implants are extremely uncommon and largely theoretical in 
nature, it is vital to preoperatively identify patients who may be 
subjected to a higher risk of complications such as those with lack 
of sufficient bone for supporting the mini-implant under loading 
or perforation of the nasal floor. With a clear knowledge of 
osseous anatomy in a given situation, the implant insertion sites, 
the appliance designs, and mechanics can be planned even more 
efficiently.

To date, lateral radiographs represent the basic radiological 
investigation for orthodontic treatment planning and are the 
gold standard of imaging in patients undergoing orthodontic 
treatment. Therefore, the aim of this investigation was to evaluate 
whether lateral cephalometry alone allows an adequate and 
reliable diagnostic assessment for pre-operative planning of 
paramedian palatal implants or whether one of the modern 3-D 
imaging procedures (CT/CBCT) is additionally required before 
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Graph 2: Graphical representation of variation in premolar measurements 
(Sagittal view).

Graph 3: Graphical representation of variation in molar measurements 
(Coronal view).

Graph 1: Graphical representation of variation in premolar measurements 
(Coronal view).
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Graph 4: Graphical representation of variation in molar measurements 
(Sagittal view).

Table 5: Comparison of means.

Site of measurement Mean (mm) Standard error P (comparison of A with B) P (comparison of A with C)

1st Premolara

Lat ceph sagittal (A) 3.14 0.199 - -
CBCT coronal (B) 3.14 0.198 0.9906 -
CBCT sagittal (C) 3.15 0.197 - 0.9811

1st Molarb

Lat ceph sagittal (A) 2.24 0.061 - -
CBCT coronal (B) 2.26 0.064 0.8231 -
CBCT sagittal (C) 2.23 0.059 - 0.9076

surgical insertion into the parasagittal plane.

In a clinical study by Jung et al., it was established that 98% of the 
patients had sufficient bone for insertion of a palatal implant as 
indicated on pre-operative lateral radiographs, regardless of the 
demographic features or specific dentofacial abnormalities.[28] In 
this series, 23 patients underwent paramedian implant placement. 
Although the exact dimension of the paramedian bone was 
not specifically measured in these cases, sufficient bone was 
found in all cases. Thus, the question that remained to be 
conclusively answered was the principal necessity of 3-D imaging 
before paramedian insertion of palatal implants.[29] It has 
been assumed thus far that the vertical bone height as seen on 
lateral cephalometry corresponds to the quantity of bone in the 
median plane and, therefore, reflects the maximum quantity of 
available bone. Hence, we were apprehensive about paramedian 
insertion as one might come across a bone deficit that escaped 
detection on lateral cephalometry. A couple of years ago, other 
work groups Bernhart et al., Bantleon et al., and Gahleiter et al. 
(2004) used 3-D data sets (CBCT and CT data) to inspect the 
morphological limitations of vertical volume of bone in the 
midsagittal and paramedian region of the anterior hard palate in 
relation to the insertion of palatal implants. The results showed 
a wide spectrum of values with respect to vertical bone height. 

Therefore, a pre-operative 3-D evaluation was considered 
necessary, especially for paramedian insertion of palatal implants. 
However, no systematic comparisons with lateral radiographs 
which served as the basic diagnostic procedure were performed. 
Most interestingly, the study showed that the vertical height 
of palate on lateral cephalometry and CBCT (median plane) 
coincides at the level of the upper first premolars. Palatal heights 
in the median plane determined on CBCT were markedly higher 
than those registered on lateral radiographs. The data obtained 
were among the first to confirm that the amount of vertical 
bone on lateral cephalometry does not reflect the actual existing 
quantity of vertical bone in the median sagittal plane but usually 
expresses the minimum quantity of bone. This is confirmed 
by the association between vertical palatal height on lateral 
cephalometry and minimum palatal height on CBCT.

CONCLUSION

Selection of the suitable radiographic imaging technique (or 
techniques) is based on the principle that practitioners who use 
imaging with ionizing radiation have a professional responsibility 
of beneficence that imaging is performed to “serve the patient’s 
best interests.” This requires that each radiation exposure 
is warranted clinically and that procedures are applied that 
minimize patient radiation exposure while optimizing maximal 
diagnostic benefit. The extension of this principle referred to as the 
“as low as reasonably achievable” (ALARA)[30] to CBCT imaging 
is supported by the American Dental Association.[31] Justification 
of every radiographic exposure must be based primarily on the 
individual patient’s presentation including considerations of 
the chief complaint, medical and dental history, and assessment 
of the physical status (as determined with a thorough clinical 
examination) and treatment goals.

The data obtained show that lateral cephalometry provides a 
reliable valuation of the quantity of vertical palatal bone for 
paramedian insertion of a palatal implant. In other words, patients 
with a critical quantity of vertical bone can securely identify on 
the basis of lateral radiographs. Thus, the evaluation of bone on 
lateral cephalometry is valid for median as well as paramedian 
insertion of palatal implants. One further conclusion may be 
drawn from the results obtained in our study: Keeping in mind, 
the fact that lateral radiographs show the minimum quantity of 
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bone, a critically small quantity of bone on a lateral radiograph 
should allow to perform 3-D imaging and to determine whether 
sufficient bone for implant insertion is available, for example, in 
the midpalatal area. Thus, 3-D imaging may extend the spectrum 
of indications for palatal implants.

Therefore, lateral cephalometry completely accomplishes 
radiation protection regulations and immediately translates the 
ALARA principle in the clinical practice. Therefore, a need for a 
pre-operative CT or CBCT arises only when lateral cephalogram 
detects a very marginal quantity of bone.
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