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EVALUATION OF THE MANDIBULAR CORTICAL INDEX ON DIGITAL 
PANORAMIC IMAGES OF THE CHRONIC PERIODONTITIS PATIENTS

ABSTRACT

Background and Aim: Chronic periodontitis causes damage in 
cortical bone, along with a collapse in alveolar bone. This study 
aimed to evaluate mandibular cortical index at the mandibular 
cortex distal to the mental foramen based on the panoramic 
radiographs of 601 chronic periodontitis patients aged 30 to 50.  

Materials and Methods: Panoramic radiographs of 601 
patients were taken for routine dental examination of patients 
between the age of 30 and 50 years who attended Hacettepe 
University Oral and Maxillofacial Radiology Department of 
Dentistry Faculty were evaluated from November 2016 
to February 2017. 369 (61.4%) participants were females 
and 232 (38.6%) were males. 470 patients with chronic 
periodontitis and 131 healthy individuals were selected. Then 
mandibular cortical index (MCI) in both groups were evaluated, 
recorded and analyzed.

Results: Of the three cortical appearance categories, C2 
(56.4%) was the most common category between chronic 
periodontitis and healthy group and both genders in general. 
C2 was seen mostly in males and C1 was seen in females. 
Statistically significant difference was shown for MCI regarding 
gender. As the age increased, the likelihood of being in the C3 
category also increased. C1 was seen mostly in healthy group 
and C2 was seen in the chronic periodontitis group. C3 was 
seen only in the chronic periodontitis group. The MCI level was 
significantly different between two groups. 

Conclusions: The results of this study showed that, there was 
significant relationship between MCI in panoramic radiography 
and chronic periodontitis. It was suggested to perform further 
studies on more patients with broader age interval to confirm, if 
this index could be useful for screening and indicating of bone 
status in high risk individuals.
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KRONİK PERİODONTİTİSLİ HASTALARIN PANORAMİK 
GÖRÜNTÜLERİNDE MANDİBULAR KORTİKAL İNDEKSİN 

DEĞERLENDİRİLMESİ

ÖZ

Amaç: Kronik periodontitisin alveolar kemik yıkımına sebep 
olmasının yanı sıra, kortikal kemikte de zarara neden olduğu 
düşünülmektedir. Bu çalışmada 601 kronik periodontitisli 
hastanın panoramik radyograflarında, mental foramenin 
distalindeki mandibular korteksin görsel olarak morfolojik 
değerlendirilmesinin yapılması prensibine dayanan mandibular 
kortikal indeksin (MCI) değerlendirilmesi amaçlanmıştır.

Gereç ve Yöntem: Kasım 2016 ve Şubat 2017 arasında, 
Hacettepe Üniversitesi Diş Hekimliği Fakültesi Ağız, Diş ve Çene 
Radyolojisi bölümüne başvuran 30-50 yaş arası 601 hastadan, 
rutin dental tadavisi için panoramik radyograf alınmıştır. 
Hastaların 369 (61.4%) tanesi kadın, 232 (38.6%) tanesi 
erkektir. 470 kişi kronik periodontitis, 131 kişi ise sağlıklı olarak 
seçilmiştir. Daha sonra 2 grup arasında mandibular kortikal 
indeks (MCI) ilişkisi değerlendirilmiş, kaydedilmiş ve istatistiksel 
olarak karşılaştırılmıştır. 

Bulgular: Kronik periodontitis, sağlıklı gruplar ve her iki 
cinsiyette 3 kortikal indeks kategorisinden C2 (56.4%) en 
sık görülen kategoridir.  C2 en sık erkeklerde, C1 ise en sık 
kadınlarda görülmüştür. MCI ile cinsiyet arasında istatistiksel 
olarak anlamlı bir fark görülmüştür. Yaş arttıkça, C3 görülme 
sıklığı da artmaktadır. C1 en sık sağlıklı grupta, C2 ise en sık 
kronik periodontitisli grupta görülmüştür. C3 sadece kronik 
periodontitisli grupta görülmüştür. 2 grup arasında MCI 
düzeyleri istatistiksel olarak anlamlı bulunmuştur.

Sonuç: Bu çalışma, panoramik radyografilerde MCI ve kronik 
periodontitis arasında anlamlı bir ilişki olduğunu göstermiştir. 
Bu indeksin yüksek riskli bireylerde kemik durumunun taranması 
ve gösterilmesinde yararlı olup olmadığını doğrulamak için yaş 
aralığı daha geniş olan hastalar üzerinde daha fazla araştırma 
yapılması önerilmiştir.

Anahtar Kelimeler: Dijital Panoramik Radyografi, Kemik 

Rezorpsiyonu, Kortikal Kemik, Kronik Periodontitis, Mandibula 

Yayın Başvuru Tarihi : 11.12.2018

Yayına Kabul Tarihi : 29.03.2019

Clin Dent Res 2019; 43(1): 41-49

42



43

MCI EVALUATION OF THE PERIODONTITIS PATIENTS

INTRODUCTION

Osteoporosis and periodontitis are two separate diseases 
with different origins and manifestation. It has been 
suggested that these diseases could be linked together 
because they both lead to bone destruction, they have some 
similar risk factors, and they both have a high prevalence 
among middle-aged and older females.1

Periodontal disease is a multi-factorial, infectious disease 
characterized by pathogenic microorganisms at all gingival 
margins.2 Periodontitis occurs when the enlargement of the 
gingiva affects the supporting tissues of the teeth.3

Chronic periodontitis is an infectious disease characterized 
by periodontal pocket formation and alveolar bone 
destruction following the proliferation of the connective 
tissue attachment and epithelial attachment to the root 
surface, with the spread of the gingival inflammation to the 
tissues supporting the tooth.4 The frequency and severity 
of illness increase with age. Although bacterial plaque is a 
primary etiological agent in chronic periodontitis, the host 
defense system also has an important role in pathogenesis. 
Decreased bone level with attachment loss can be seen on 
radiographs.5

Osteoporosis is defined as ‘a disease characterized by low 
bone mass and microarchitectural deterioration of bone 
tissue, leading to enhanced bone fragility and a consequent 
increase in fracture risk.6,7 It is well known that osteoporosis 
results in reduced jaw bone mass, as well as alterations of 
the mandibular structure, especially of the inferior border. 8-10 

There have been reports linking osteoporosis to alterations 
of the trabeculae displayed on dental radiographs.8,11 
These findings suggest that dental radiographs may 
serve a useful role in screening patients for osteoporosis. 
Panoramic radiography is routinely made before treatment 
planning and has a great value for assessing bone mineral 
density.12-16 
Depending on the internal/external stimuli and growth of 
the bone, through resorption, formation and mineralization 
carried out by osteoblasts and osteoclasts, the integrity of 
bone tissue is preserved throughout life (remodeling).17,18 
The rate of remodeling is greater in the trabecular bone 
than in the compact bone, and may even differ in various 
localizations within the same bone tissue.19 The processes 
of vascular and biochemical production/destruction of the 
living tissue, which is affected by internal secretion and 
nutritional changes, infection and trauma are regulated 
by vitamin D, calcium, fluoride, vitamin C and various 

hormones.20-22 Many diseases can affect bone quality, 
influencing the quality and quantity properties of the bone. 
Some diagnostic methods are used to obtain information 
about these effects, and mandibular radiomorphometric 
indices are preferred because more concrete data can be 
obtained. Mandibular cortical index (MCI) is also one of these 
radiomorphometric indices.15,23,24

In this study, it was aimed to compare the MCI values of 
patients with chronic periodontitis in clinical, and radiologic 
panoramic views of patients with healthy periodontal 
tissue. Furthermore, this study also attempts to determine 
the effects of the disease on the alveolar bone as well as on 
the cortical bone, and to investigate its usefulness in early 
diagnosis.

MATERIALS AND METHODS

601 panoramic radiographs taken for routine dental 
examination of patients between the age of 30 and 50 
years who attended Hacettepe University Faculty of 
Dentistry Dentomaxillofacial Radiology Department were 
evaluated from November 2016 to February 2017. This 
study was approved by the ethics committee of Hacettepe 
University. Informed consent was obtained from all 601 
participants.
All dental panoramic images were made using the same 
panoramic machine (Veraview IC5 HD, Morita Corporation, 
Japan) at 12 mA, 18 seconds and 70 kV by a radiology 
technician. One radiologist evaluated each image according 
to patient positioning, head alignment, and film density and 
contrast to avoid including radiographs with distortion.
Inclusion and exclusion criteria in this study included: 
patients with chronic periodontitis and without any 
systemic diseases that would affect bone metabolism and 
cause bone lesions and fractures. A total of 601 patients 
in the age group of 30-50 years included in the study. Our 
study groups were selected at this age because of the 
low incidence of chronic periodontitis in patients under 30 
years of age and the high incidence of systemic diseases in 
patients over 50 years of age.
After clinical and radiological examination, the patients were 
sent to the Department of Periodontology. Periodontal 
attachment loss, pocket depths, and bleeding were evaluated 
by the same periodontologist. The clinical attachment loss 
(CAL) was measured using William’s periodontal probe. The 
attachment levels were stratified into CAL ≤3 mm as the 
absence of chronic periodontitis, >3 mm defined as chronic 
periodontitis. After all measurements, 470 patients with 
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chronic periodontitis and 131 healthy individuals were 
identified. Following this, the mental foramina were located 
bilaterally on dental panoramic radiographs and MCI were 
evaluated.
Mandibular cortical index was developed to assess 
osteoporosis in the cortical area of the mandible using 
panoramic radiographs. In this technique, the inferior cortex 
on both sides of the mandible, distal to the mental foramen 
is classified into three groups according to the method of 
Klemetti et al.25 (Figure 1). Table 1 shows the definitions of 
evaluated MCI. As shown in table 1, MCI determined for right 
and left sides of the mandible and the higher one was taken 
into account.

Reliability

Assessment of MCI reliability was carried out using the Kappa 
Statistic. Two oral radiologists independently determined 
the MCI. One observer served as the main observer and 
intraobserver reliability was estimated between evaluations 
performed 2 weeks apart. For the intraobserver reliability, 
50 samples were randomly selected, MCI classifications 
were reassessed. The interobserver reliability was then 
assessed. For interobserver and intraobserver reliability, 50 
panoramic radiographs were evaluated again by the two 
oral radiologists after 1 month. 

Statistical analysis

Once the data were gathered, they were analyzed using 
IBM SPSS V.23 (IBM Corporation, NY, USA). To determine the 
relationship between MCI and chronic periodontitis, gender 
Chi-square test was used. P-values less than 0.001 were 
considered statistically significant. One-way analysis of 
variance analysis was used to determine the correlation 
between MCI and age.

RESULTS

Of the 601 patients participated in this study, 232 (38.6%) 
were male and 369 (61.4%) were female. A total number 
of patients were chosen between 30 and 50 years. The 
mean age of the study population was 37.57±5.99 years. 
Demographic characteristics were presented in Table 2. The 
two groups were matched based on age and gender.
All observations were readable and included in the present 
study. For MCI, kappa values showing intraobserver 
and interobserver agreement were 0.746 and 0.874, 
respectively. Intraobserver agreement values demonstrated 
substantial for the 2 observers. Interobserver agreement 
was found to be almost perfect (p<0.001). All of the kappa 
coefficients were evaluated using the guideline outlined 
by Landis and Koch, where the strength of the kappa 
coefficients was determined as; 0.01-0.20 slight; 0.21-0.40 

Table 1. MCI and its definition 

MCI Definition

C1 The endosteal margin of the cortex is even and sharp on both sides of the mandible 

C2 The endosteal margin has resorptive cavities with cortical residues one to three layers thick on one or both sides

C3 The endosteal margin consists of thick cortical residues and is clearly porous

Figure 1. The panoramic view of a patient with a C1, C2 and C3 type of MCI
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fair; 0.41-0.60 moderate; 0.61-0.80 substantial; 0.81-1.00 
almost perfect.
The distributions of MCI categories according to gender, 
age groups and healthy-chronic periodontitis group are 
presented in Tables 3, 4, and 5, respectively. According 
to the t-test, a statistically significant difference was 
shown periodontitis and control group mean age. (t=9.447 
p<0.001) Of the three cortical appearance categories, C2 
(56.4%) was the most common category between chronic 
periodontitis and healthy group and both genders in general. 
C2 was seen mostly in males and C1 was seen in females. 

According to the Chi-square test, the statistically significant 
difference was shown for MCI regarding gender (p<0.001). 
The results of the chi-square test analysis can be seen in 
Table 3. 
One-way analysis of variance analysis showed that there 
was a statistically significant difference for MCI regarding 
the mean age of the patients. C3 group was responsible 
for this significant difference. (F=25.930 p<0.001). As 
age increased, the likelihood of being in the C3 category 
also increased. The results of one-way analysis of variance 
analysis can be seen in Table 4.

Table 2. Demographic characteristics of the recruited individuals in each group 

Healthy Group
n=131

Periodontitis Group
n=470

Total
n=601

Age (Mean ± SD) 34.01 ± 4.51 38.56 ± 5.98

p-value                      p<0.001                                               t=9.447

Male 57 (43.5%) 175 (37.2%) 232 (38.6%)

Female 74 (56.5%) 295 (62.8%) 369 (61.4%)

p-value                      p = 0.192                                              χ2 = 1.703

Table 3. The distribution of mandibular cortical index (MCI) classification is presented by gender 

C1 C2 C3 Total

Male
n (%) 58 (25.0) 173 (74.6) 1 (0.4) 232 (100.0)

Female
n (%) 195 (52.8) 166 (45.0) 8 (2.2) 369 (100.0)

Total
n (%) 253 (42.1) 339 (56.4) 9 (1.5) 601 (100.0)

χ2= 51.206 ; p<0.001

Table 4. The distribution of mandibular cortical index (MCI) classification is presented by age 

C1 C2 C3 Total

n(%) 253 (42.1) 339 (56.4) 9 (1.5) 601 (100.0)

Mean 36.39 38.13 49.44 37.57

Standard Deviation 5.51 6.00 1.01 5.99

Minimum 30 30 47 30

Maximum 50 50 50 50

F=25.93 ; p<0.001
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C1 was seen mostly in healthy group and C2 was seen in 
the chronic periodontitis group. C3 was seen only in the 
chronic periodontitis group. According to the Chi-square 
test, there was a significant difference between the two 
groups (p<0.001). The results of the chi-square analysis can 
be seen in Table 5.

DISCUSSION

One of the radiomorphometric indices, MCI, is generally used 
to assess osteoporosis. Early diagnosis of osteoporosis 
is important to reduce fracture risk and to initiate early 
treatment. Osteoporosis is a chronic and progressive 
reduction of bone mineral density and matrix which leads to 
bone mass reduction and changes in bone microstructure. 
It is believed that osteoporosis and periodontitis are linked 
together because they both lead to bone damage. Also, 
some risk factors are similar and both have a high prevalence 
in middle-aged and older females.1

Panoramic radiography is a widely used method in dentistry 
for the screening and overall evaluation of patients with 
oral diseases. There are some studies 26-28 indicate that the 
use of panoramic radiography may be one of the tools for 
detecting a high risk of osteoporotic fracture. Results of the 
studies suggest that MCI classification based on panoramic 
radiograph may be a useful index for the diagnosis of 
osteoporosis. In our study, these views were adopted and 
images of patients with panoramic radiography indications 
were used to evaluate MCI. Klemetti et al.25 evaluated the 
MCI which is also known by the first author’s name. They 
suggested that a thin or eroded inferior cortex of the 
mandible detected on panoramic radiographs, an indicator 
of alterations of the mandible, is useful for identifying 
postmenopausal females with undetected low skeletal 
bone mineral density or osteoporosis. 

Until now, many studies have been conducted to investigate 
the relationship between periodontal diseases and bone 
metabolism. Whether systemic bone loss affects, alveolar 
bone loss has been an important research topic. In these 
studies,29-38 mainly patients with osteoporosis and healthy 
subjects were compared. It is thought that these two 
diseases are connected to each other. Because the two 
diseases cause bone destruction and the disease is more 
common in older females.
In the literature, a limited number of studies using 
radiomorphometric indices have been found in patients with 
chronic periodontitis. In the study done by Moeintaghavi 
et al.39, of the 82 chronic periodontitis and 80 periodontal 
healthy subjects, no significant difference was found 
between the two groups in terms of Mental Index (MI) 
and Panoramic Mandibular Index (PMI) values. However, 
it was determined that there was a significant difference 
in MCI between the two groups. In addition, it has been 
emphasized in the study that different studies should be 
performed to clarify whether chronic periodontitis actually 
affects mandibular cortex, as well as crestal bone loss. We 
also found statistically significant differences between 
these groups in terms of age and gender for MCI values   in 
470 chronic periodontitis patients and 131 control group 
patients. 
There are many studies on the relationship between gender 
and age of MCI. Gülşahı et al.40 did not find a relationship 
between gender and MCI in their study. Even Knezovic- 
Zlatarić41 showed no significant difference between the MCI 
value and gender, but showed an increase in the number of 
patients with C3 with age. Hastar et al.42 found that C1 was 
seen in males and C2 was seen in females more frequently. 
The C3 category in this study was seen only in females. 
Many studies have shown that the number of patients with 

Table 5. Mandibular cortical index (MCI) classification of the healthy and chronic periodontitis group 

C1 C2 C3 Total

Healthy group
n (%) 99 (75.6) 32 (24.4) 0 (0) 131 (100.0)

Chronic periodontitis group
n (%) 154 (32.8) 307 (65.3) 9 (1.9) 470 (100.0)

Total
n (%) 253 (42.1) 339 (56.4)

9 (1.5)
601 (100.0)

χ2=77.471 ; p<0.001  (Frequency (%) is reported)
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C3, especially in females, is increasing with age.28,41,43-46 In 
a study by Ledgerton et al.47 on panoramic radiographs of 
500 British females, they found that MCI changes with age. 
Accordingly, the incidence of C3 is increasing with age. While 
C2 is the most common category in all age groups, C1 and 
C3 are different from each other and appear in extreme age 
groups. Nakajima and Osato48 stated that the value of MCI 
was influenced by age and gender in their study. They found 
that C3 was seen more often in females than in males. On 
the other hand, the C2 category is more dominant in males. 
Bozdağ and Sener43 found C2 as the most frequent group 
in both genders and all age groups in 910 subjects. The 
C1 value is most commonly seen in females between 18 
and 40 years of age. However, the C2 ratio also increases 
in females in correlation with age. In males, C2 is the most 
common value in all age groups.
In our study, there was a statistically significant difference 
between the MCI levels of periodontitis and control groups 
in terms of gender. 25% of the male patients were identified 
as C1, 74.6% as C2 and 0.4% as C3. In the female patient 
group; 52.8% C1, 45% C2 and 2.2% were determined as 
C3. The frequency of C1 and C3 categorization is higher in 
females than in males. In males, the C2 category is frequently 
seen. Correlation of MCI values   with age was evaluated by 
one-way analysis of variance analysis in all patient groups 
and we found a statistically significant difference between 
the MCI groups in terms of age averages. C3 group creates 
this significant difference. The average age of C1 patients 
was 36, C2 patients was 38, and C3 patients was 49. That 
is, the C3 ratio increases with age, while the C1 and C2 ratio 
decreases. We argue that further studies are needed on the 
subject since the results of those studies are different from 
each other.
Mandibular cortical index comparison between the two 
groups showed differences in mandibular cortical layer 
porosity as a result of the bone mass reduction. Since 
periodontitis leads to local connective tissue degeneration 
and bone destruction, the difference between the two 
groups could be attributed to periodontitis. Our results, 
along with those of other studies, showed that MCI 
might be used as an indicator of mandibular bone loss in 
osteoporosis or periodontitis, two diseases with connective 
tissue destruction.
MCI is an index that allows visual assessment of mandibular 
bone quality. Our study shows that MCI was affected by age, 
gender, and chronic periodontitis. The C3 ratio increases 

with age. It was found that C1 and C3 ratios were higher in 
females and C2 ratios were higher in males. We have shown 
that the presence of chronic periodontitis is a risk factor for 
osteoporosis. In the periodontally healthy individuals, the 
likelihood of C1 is increasing. This suggests that chronic 
periodontitis is not only associated with the alveolar crest, 
but also with the cortical bone. We believe that the results 
of our study will contribute to the literature, especially since 
there is limited research in relation to chronic periodontitis 
and MCI.

CONCLUSION

This study showed that there was a significant relationship 
between MCI and chronic periodontitis. There was a limited 
number of studies on this subject in the literature. It was 
suggested to perform further studies on more patients with 
broader age interval to confirm whether or not this index 
could be useful for screening and indicating of bone status 
in high-risk individuals.

REFERENCES

1. Jagelaviciene E, Kubilius R. The relationship between general 
osteoporosis of the organism and periodontal diseases. Medicina 
(Kaunas) 2006; 42: 613-618.

2. Claffey N, Polyzosiz I, Zaika P. An overview of non surgical and 
surgical therapy. Periodontol 2000; 36, 35-44.

3. Carranza FA, Newman MG. Clinical Periodontology, W.B. Saunders 
company, 1990; 326-328.

4. Delima AJ, van Dyke TE. Origin and function of the cellular 
components in gingival crevice fluid. Periodontol 2000; 31, 55–76.

5. Ford PJ, Gamonal J, Seymour GJ. Immunological differences 
and similarities between chronic periodontitis and aggressive 
periodontitis. Periodontology 2000; 53, 111-123.

6. Von Wowern N. General and oral aspects of osteoporosis: a 
review. Clin Oral Investig 2001; 5: 71-82.

7. Nakamoto T, Taguchi A, Ohtsuka M, Suei Y, Fujita M, Tanimoto K et 
al. Dental panoramic radiograph as a tool to detect postmenopausal 
females with low bone mineral density: untrained general dental 
practitioners’ diagnostic performance. Osteoporos Int 2003; 14: 
659-664. 

8. Lee BD, White SC. Age and trabecular features of alveolar bone 
associated with osteoporosis. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod 2005; 100: 92-98.



48

CLINICAL DENTISTRY AND RESEARCH 

9. Law AN, Bollen AM, Chen SK. Detecting osteoporosis using 
dental radiographs: a comparison of four methods. J Am Dent Assoc 
1996; 127: 1734-1742.

10. Horner K, Devlin H. Clinical bone densitometric study of 
mandibular atrophy using dental panoramic tomography. J Dent 
1992; 20: 33-37.

11. Shrout MK, Hildebolt CF, Potter BJ, Brunsden TK, Pilgram TK, 
Dotson M et al. Comparison of morphological measurements 
extracted from digitized dental radiographs with lumbar and 
femoral bone mineral density measurements in postmenopausal 
females. J Periodontol 2000; 71: 335-340.

12.  Von Wowern N. Microradiographic and histomorphometric 
indices of mandibles for diagnosis of osteopenia. Scand J Dent Res 
1982; 90: 47-63.

13.  Zlatarić DK, Celebić A. Clinical bone densitometric evaluation 
of the mandible in removable denture wearers dependent on the 
morphology of the mandibular cortex. J Prosthet Dent 2003; 90: 
86-91.

14. Gungor K, Akarslan Z, Akdevelioglu M, Erten H, Semiz M. The 
precision of the panoramic mandibular index. Dentomaxillofac 
Radiol 2006; 35: 442-446.

15. Benson BW, Prihoda TJ, Glass BJ. Variations in adult cortical 
bone mass as measured by a panoramic mandibular index. Oral Surg 
Oral Med Oral Pathol 1991; 71: 349-356.

16. Taguchi A, Tanimoto K, Suei Y, Wada T. Tooth loss and 
mandibular osteopenia. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 1995; 79: 127-132.

17. Jeffcoat MK, Cheznut CH. Systemic osteoporosis and oral bone 
loss: Evidence shows increased risk factors. J Am Dent Assoc 1993; 
124: 49–56. 

18.  Krejci CB. Osteoporosis and periodontal disease: Is there a 
relationship? J West Soc Periodontol Periodontal Abstr 1996; 44: 
37–42.

19.  Heersche JN, Bellows CG, Ishida Y. The decrease in bone mass 
associated with aging and menopause. J Prosthet Dent 1998; 79: 
14–16. 

20.  Aykan TB, Tüzüner N, Sav A, İnce Ü. Kısa Patoloji (Çev:WAD 
Anderson’s Synopsis of Pathology). Fatih Gençlik Vakfı Matbaa Şişli 
İstanbul 1986; 276–277, 823-827. 

21.  Guyton AC. Fizyoloji. WB Saunders Company Philadelphia 
2013; 313, 336, 420-424. 

22.  Aldo N. Serafini, DD Watson, JP Nelson, WM Smoak. Bone 
Scintigraphy–comparison of 99 mTc-polyphosphate and 99 
mTcdiphosphonate. J Nucl Med 1974; 15: 1101–1104.

23. Horner K, Devlin H. The relationships between two indices of 
mandibular bone quality and bone mineral density measured by 
dual energy X-ray absorptiometry. Dentomaxillofac Radiol 1998; 
27: 17-21.

24. Horner K, Devlin H. The relationship between mandibular bone 
mineral density and panoramic radiographic measurements. J Dent 
1998; 26: 337-343.

25. Klemetti E, Kolmakov S, Kroger H. Pantomography in 
assessment of the osteoporosis risk group. Scand J Dent Res 1994; 
102: 68-72.

26. Singh SV, Aggarwal H, Gupta V, Kumar P, Tripathi A. 
Measurements in Mandibular Pantomographic X-rays and Relation 
to Skeletal Mineral Densitometric Values. J Clin Densitom 2016; 19: 
255-261.

27. Reichert C. Mandibular cortical shape index in non-standardised 
panoramic radiographs for identifying patients with osteoporosis 
as defined by the German Osteology Organization. J Orofac Orthop 
2013.

28. Uysal S, Cagirankaya, BL, Hatipoglu MG. Do gender and torus 
mandibularis affect mandibular cortical index? A cross-sectional 
study. Head Face Med 2007; 30: 37.

29. Kribbs PJ. Comparison of mandibular bone in normal and 
osteoporotic females. J Prosthet Dent 1990; 63: 218-222. 

30. Jacobs R, Ghyselen J, Koninckx P, van Steenberghe D. Long-term 
bone mass evaluation of mandible and lumbar spine in a group of 
females receiving hormone replacement therapy. Eur J Oral Sci 
1996; 104: 10-16. 

31. Streckfus CF, Johnson RB, Nick T, Tsao A, Tucci M. Comparison 
of alveolar bone loss, alveolar bone density and second metacarpal 
bone density, salivary and gingival crevicular fluid interleukin-6 
concentrations in healthy premenopausal and postmenopausal 
females on estrogen therapy. J Gerontol A Biol Sci Med Sci 1997; 
52: 343-351.

32. Southard KA, Southard TE, Schlechte JA, Meis PA. The 
relationship between the density of the alveolar processes and 
that of postcranial bone. J Dent Res 2000; 79: 964-969. 

33. Jeffcoat MK, Lewis CE, Reddy MS, Wang CY, Redford M. Post-
menopausal bone loss and its relationship to oral bone loss. 
Periodontol 2000; 23: 94-102.

34. Von Wowern N, Klausen B, Kollerup G. Osteoporosis: a risk 
factor in periodontal disease. J Periodontol 1994; 65: 1134-1138. 

35. Tezal M, Wactawski-Wende J, Grossi SG, Ho AW, Dunford R, 
Genco RJ. The relationship between bone mineral density and 
periodontitis in postmenopausal females. J Periodontol 2000; 71: 
1492-1498.



49

MCI EVALUATION OF THE PERIODONTITIS PATIENTS

36. Payne JB, Reinhardt RA, Nummikoski PV, Patil KD. Longitudinal 
alveolar bone loss in postmenopausal osteoporotic/osteopenic 
females. Osteoporos Int 1999; 10: 34-40. 

37. Reinhardt RA, Payne JB, Maze CA, Patil KD, Gallagher SJ, Mattson 
JS. Influence of estrogen and osteopenia/osteoporosis on clinical 
periodontitis in postmenopausal females. J Periodontol 1999; 70: 
823-828. 

38. Grodstein F, Colditz GA, Stampfer MJ. Post-menopausal 
hormone use and tooth loss: a prospective study. J Am Dent Assoc 
1996; 127: 370-377.

39. Moeintaghavi A, Hosseinizarch H, Tabassi SM. The comparison 
of mandibular radiomorphometric indices in panoramic radiography 
between patients with chronic periodontitis and healthy 
individuals. J Contemp Dent Pract 2014; 15: 461-465.

40. Gulsahi A, Yuzugullu B, Imirzalioglu P, Genc Y. Assessment 
of panoramic radiomorphometric indices in Turkish patients of 
different age groups, gender and dental status. Dentomaxillofac 
Radiol 2008; 37: 288-292.

41. Knezović Zlatarić D, Celebić A, Lazić B, Baucić I, Komar D, Stipetić-
Ovcaricek J. Influence of age and gender on radiomorphometric 
indices of the mandible in removable denture wearers. Coll Antropol 
2002; 26: 259-266.

42. Hastar E, Yilmaz HH, Orhan H. Evaluation of mental index, 
mandibular cortical index and panoramic mandibular index on dental 
panoramic radiographs in the elderly. Eur J Dent 2011; 5: 60-67.

43. Bozdag G, Sener S. The evaluation of MCI, MI, PMI and GT on 
both genders with different age and dental status. Dentomaxillofac 
Radiol 2015; 44: 20140435.

44. Govindraju P, Chandra P. Radiomorphometric indices of the 
mandible - an indicator of osteoporosis. J Clin Diagn Res 2014; 8: 
195-198.

45. Bajoria AA, Ml A, Kamath G, Babshet M, Patil P, Sukhija P. 
Evaluation of Radiomorphometric Indices in Panoramic Radiograph 
- A Screening Tool. Open Dent J 2015; 9: 303-310.

46. Yuzugullu B, Gulsahi A, Imirzalioglu P. Radiomorphometric 
indices and their relation to alveolar bone loss in completely 
edentulous Turkish patients: a retrospective study. J Prosthet Dent 
2009; 101: 160-165.

47. Ledgerton D, Horner K, Devlin H, Worthington H. 
Radiomorphometric indices of the mandible in a British female 
population. Dentomaxillofac Radiol 1999; 28: 173-181.

48. Nakajima S, Osato S. Association of gonial angle with 
morphology and bone mineral content of the body of the adult 
human mandible with complete permanent dentition. Ann Anat 
2013; 195: 533-538.


