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Objectives: To assess the influence of  selective serotonin reuptake inhibitor (SSRI) use 
on jawbone and bone mineral density by retrospective analysis of  panoramic radiographs.
Methods: Radiographic and clinical records were sourced from the Division of  Ortho-
dontics and TMJD, Eastman Institute for Oral Health, University of  Rochester. Randomly 
selected adults (20–65 years) were categorized into: “Active” (with history of  SSRI use of 
>6 months) and a “Control” group. Panoramic indices: Klemetti index (KI), panoramic 
mandibular index, antegonial notching index, condylar pathology, mandibular cortical 
width (MCW)  and mean ramus height were recorded. Frequency-weighted Χ2 tests and 
multinomial regression controlling for age and gender were applied to categorical indices 
(KI, condylar pathology, antegonial notching index). Multivariate generalized linear 
modeling was applied to mean ramus height, MCW and panoramic mandibular index. 
Multiple regression analyses determined: (a) panoramic indices that best predicted SSRI 
use, and (b) independent predictors of  KI category.
Results: 64 SSRI users and 48 Controls were assessed. SSRI users had significantly 
higher odds of  having worse KI status than normal [mildly to moderately eroded cortex: 
odds ratio (OR) = 2.926, 95% CI (1.07–8.04) and severely eroded cortex: OR = 19.86, 
95% CI (3.91–100.69)], more frequent flat condylar anatomy (right side: p = 0.009, left 
side: p < 0.001) but greater ramus height (p = 0.001) and mandibular cortical width (p = 
0.032). Age, gender, SSRI use each significantly impacted KI. Only SSRI use significantly 
impacted condylar pathology, ramus height and MCW. KI category (OR = 1.3) was the best 
panoramic predictor of  SSRI use. Conversely, KI category C3 was significantly predicted 
by SSRI use (OR = 31.2, p = 0.002), female gender (17.5, p = 0.006), and severe antegonial 
notching (OR = 1289, p < 0.001).
conclusions: SRRI use was significantly associated with worse panoramic morphometric 
indices: KI, condylar pathology, ramus height, and MCW, where KI was its strongest predictor. 
Worse KI was independently predicted by SSRI use.
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introduction

Depression is a major cause of disability worldwide, 
causing significant burden on society and the indi-
vidual1–3 with rising incidence.4 At the same time, osteo-
porosis has been noted as an epidemic,5 characterized by 
a reduction in bone mineral density (BMD), often with 
no discernible symptoms until an unexpected fracture.6 
Osteoporosis is a multifactorial disease7, and one of its 
risk factors is depression.8–10 Postulated mechanisms of 
depression-induced effects on bone metabolism include 
activation of hypothalamic corticotrophin-releasing 
hormone and elevated cortisol levels, sedentary lifestyle, 
vitamin D deficiency, parathyroid hormone disturbances 
and antidepressant use.11 Antidepressants, in particular, 
selective serotonin inhibitors (SSRIs), have been asso-
ciated with reduced BMD12,13 and increased fracture 
rate.14–17As serotonin (5-HT) receptors are expressed 
on bone cells and impact bone homeostasis,18–21 SSRIs 
may negatively impact BMD.22 SSRIs may also affect 
extracellular bone matrix regulation,23 and deleterious 
effects of SSRIs on bone may begin during embryonic 
development.24–26 However, a negative impact of SSRIs 
on BMD has also been refuted.27,28 While almost all 
research about impact of SSRIs use on bone has been 
in animal models or long bones in humans, not much is 
known their effects on the craniofacial skeleton. Recent 
studies have investigated the link between SSRI and 
dental implant outcomes, with conflicting findings.29,30

Diagnosis of osteoporosis is based on measurements 
of bone density. For this, the “gold-standard” method 
is dual-energy X-ray absorptiometry (DXA). However, 
DXA is not routinely performed and osteoporosis is often 
a “silent” disease, diagnosed only after a patient presents 
with fracture. Tools that enable non-invasive, cost-effec-
tive screening for osteoporosis or low BMD are likely to 
be clinically valuable, especially in at-risk populations. 
Panoramic radiology is frequently performed in the 
dental care setting and can be utilized as a cost-effective 
screening tool for reduced BMD, osteopenia or osteo-
porosis.31–40 The panoramic indices; mandibular cortical 
width (MCW), panoramic mandibular index (PMI), and 
mandibular cortical erosion as indicated by Klemetti 
index (KI), have demonstrated clinical value in detecting 
low BMD and osteoporosis.31 Although prescribing 
panoramic radiographs solely to detect osteopenia or 
osteoporosis is not recommended, screening them for 
reduced BMD could be the very first interception of the 
disease. A MCW of 3–4 mm has been recommended as 
an appropriate threshold to warrant referral for bone 
densitomertry.31 A PMI cutoff value of ≤0.3 is shown to 
denote reduced BMD with an estimated sensitivity and 
specificity of >70%,31 proving to be the most accurate 
linear index to screen for reduced BMD. The presence 
of moderate to severe cortical erosion as indicated by 
KI is also useful indicator of reduced BMD.41 Overall, 
panoramic indices have shown moderate diagnostic 
accuracy in diagnosing hip-osteoporosis as measured 

by DXA.42 In particular, a casual finding of a thin or 
eroded mandibular cortex merits further clinical and 
DXA investigations.42 Screening panoramic radiographs 
could be an effective method to unravel drug associated 
adverse effects on bone quality. The present study aimed 
to measure panoramic radiomorphometric indices as 
related to SRRI use, in an attempt to investigate BMD 
and jawbone changes that may be associated with SSRI 
intake.

Methods and materials

Study design and inclusion criteria
The study was designed as a retrospective cohort study. 
The study protocol was approved by the Institutional 
Review Board of University of Rochester (IRB number: 
RSRB# 62666). The subjects were identified from the 
Axium™ electronic patient records database within 
Eastman Institute for Oral Health, University of Roch-
ester, Division of Orthodontics and Orofacial pain. 
All panoramic radiographs have been obtained using 
a single panoramic machine: (Orthopantomograph 
OP100D™, Instrumentarium Dental Imaging®, Char-
lotte, NC). Adult subjects aged 20–65 were randomly 
selected and categorized on the basis of SSRI use as: 
an “Active” group: with history of SSRI consumption 
for more than 6 months and a “Control” group with no 
reported SSRI use.

The exclusion criteria were as follows:

(1) A documented history of consumption of hyper-
tensive drugs or other drugs affecting bone metab-
olism including bisphosphonates, glucocorticoids, 
anticonvulsants, thyroxin, hormone replacement 
therapy, calcium, vitamin-D supplements, immuno-
suppressants and chemotherapeutic agents.

(2) History of diseases that alter bone metabolism such 
as hyperparathyroidism, multiple myeloma.

(3) History of malignancy not limited to the mandible 
or a benign lesion in the mandible.

(4) History of radiotherapy or resection and recon-
struction to the mandible.

(5) History of maxillofacial trauma.
(6) Patients with skeletal deformity and asymmetry.
(7) Diagnosed temporomandibular joint disorders 

(TMD), condylar pathology or internal derange-
ment of the temporomandibular joint.

(8) History of smoking or smokeless tobacco consump-
tion.

Data Collection and radiographic indices
Panoramic radiographs for subjects meeting the inclu-
sion and exclusion criteria were collected. Demographic 
data included age and gender. The disease category of 
subjects was coded for the purpose of blinding by B.G. 
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Radiographic measures were made by a single trained 
investigator (SS) who was blinded to the subject cate-
gory. Three measurements were done for each side and 
the mean value recorded. Specific indices were measured 
as described before and included: KI,37 MCW,38 PMI39, 
Antegonial notching index (AI), Ramus height and 
condylar pathology. The digital panoramic radiographs 
were imported into Adobe Autodesk™ AutoCAD™ 
2015 software (Adobe photoshop™, Adobe systems 
incorporated, San Jose, CA and Auto CAD™, Autodesk 
Inc., San Rafael, USA: Product v.  J.51.M.256). The 
morphometric analysis of the mandible was performed 
using radiographic viewer (Dolphin™) software. For 
each panoramic radiograph, the final values were calcu-
lated taking into account magnification error and the 
fixed dimension of the bite block width of 13 mm.

(1) KI:41 mandibular cortical shape was determined by 
observing the mandible distally from the mental fo-
ramen bilaterally and categorized into one of three 
groups41 as follows (Figure  1): normal cortex, the 
endosteal margin of the cortex is even and sharp on 
both sides [C1]; mildly to moderately eroded cortex, 
the endosteal margin shows semilunar defects (lacu-
nar resorption) or appears to form endosteal corti-

cal residues, one to three layers thick [C2]; severely 
eroded cortex, the cortical layer forms heavy en-
dosteal cortical residues and is clearly porous [C3].

(2) Mandibular cortex width also known as mental 
index (MCW):43 the thickness of the mandibular 
cortex was measured in the mental foramen region, 
along a line passing through the middle of the men-
tal foramen and perpendicular to the tangent to the 
lower border of the mandible.

(3) PMI:44 the PMI was defined as the ratio of the 
thickness of the inferior mandibular cortex in the 
mental region over the distance between the lower 
border of the mandible and either the inferior or the 
superior border of the mental foramen. Where the 
superior border of the inferior mandibular cortex 
was ill-defined/poorly defined, the smallest width of 
compact cortical bone lying below the mental fora-
men was measured as follows (Figure 2a,b).

•	 The mental foramen was identified
•	 Lines were drawn tangent to: the upper border 

of the mental foramen (a); the lower border of 
the mental foramen (b); the upper border of the 
mandible (c); the lower border of the mandible 
(d).

Figure 1 (a) (left): Schematic representation of categories of KI. Normal cortex [C1]: “The endosteal margin of the cortex is even and sharp 
on both sides”. Mildly to moderately eroded cortex [C2]: “The endosteal margin shows semilunar defects (lacunar resorption) or appears to 
form endosteal cortical residues, one to three layers thick”. Severely eroded cortex [C3]: “A clearly porous cortical layer.” 1b (right): Schematic 
representation of PMI. Lines were drawn tangent to: the upper border of the mental foramen (a); the lower border of the mental foramen (b); the 
upper border of the mandible (c); the lower border of the mandible (d). The following were identified: distance between the lower border of the 
mandible and the inferior margin of the mental foramen (I); distance between the lower border of the mandible and the superior margin of the 
mental foramen (S); the width of the cortex (C). PMI was then computed as: C/I% (inferior PMI or PMIi) or C/S% (superior PMI or PMIs). KI, 
Klemetti index; PMI, panoramic mandibular index.
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•	 The following were identified: distance between 
the lower border of the mandible and the inferior 
margin of the mental foramen (I); distance 
between the lower border of the mandible and the 
superior margin of the mental foramen (S); the 
width of the cortex (C). PMI was then computed 
as: C/I% (inferior PMI: PMI-i) or C/S% (superior 
PMI: PMI-s)

(4) Ramus height: the ramus height was obtained draw-
ing lines parallel to the lower border of the man-
dible (c), the ramus (a) and the line tangent to the 

condyle and perpendicular to the parallel to the ra-
mus (b) (Figure 3).

(5) Condylar pathology: any flattening or tipped back 
condyles, sclerotic changes in condyles, small con-
dyles were considered in either side suggested some 
degenerative changes in the TMJ and categorized 
as: condylar pathology present, flat, or normal 
(Figure 4).

(6) AI45: a prominent antegonial notching has been 
associated with congenital or acquired changes in 
mandibular growth. The prominence of the ante-
gonial notch was measured on the panoramic radi-
ographs and categorized as normal, mild, moderate 
or severe (Figure 5).

Statistical analysis
All statistical analyses were done in the R statistical 
environment (v. 3.1.3).46 Descriptive statistics were 
drawn for demographic and radiographic parameters. 
Frequency-weighted Χ2 tests were used to compare 
distribution of gender and categorical radiographic 
outcome measures (distribution of KI categories, 
condylar pathology categories, AI) between active SSRI 
and control groups, while adjusting for unequal group 
sizes. Subjects were also categorized according to mean 
PMI-i (mean of right and left PMI-i) of <0.3 or ≥0.3 
and the association with gender and SSRIs use was 
analyzed using frequency-weighted Χ2 tests.

In order to explore the relationships between vari-
ables, correlation matrix analysis was performed. For 
this purpose, as the data contained variables of three 
types: continuous (age, mean ramus height, mean 
cortical width and PMI), polytomous (AI and condylar 
pathology) and dichotmous variables (gender, SSRI 
use, PMI <0.3); Spearman’s correlation coefficient was 

Figure 2 Distribution of Klemetti index categories in SSRI active 
and control groups. SSRI, selective serotonin reuptake inhibitor.

Figure 3 Distribution of condylar anatomy categories in SSRI active vs control subjects. SSRI, selective serotonin reuptake inhibitor.
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determined for the continuous variables, polychoric 
coefficient for the polytomous items, tetrachoric coeffi-
cient for the dichotomous items and a mixed correlation 
matrix was drawn.

Next, multinomial regression models (forward-step-
wise) were constructed with SSRI use, age and gender 
as predictors and individual radiographic outcome vari-
able: KI categories, antegonial notching (left and right) 
and condylar pathology categories (left and right) and 

similarly generalized linear modeling was performed for 
the continuous outcome measures: mean ramus height, 
mandibular cortical width and PMI-s and PMI-i for 
each side. In addition, a binary logistic regression was 
done for mean PMI-i of <0.3, with the same predictors.

To determine which panoramic indices were “best” 
and independently associated with SSRI use while 
accounting for age and gender, firstly, multiple regres-
sion modeling was performed with sub setting for 

Figure 4 Distribution of antegonial notching index categories in SSRI active vs Control subjects. SSRI, selective serotonin reuptake inhibitor.

Figure 5 (a) Ramus height in SSRI active and control groups. (b) Cortical width in SSRI active and control groups (mean of right and left side 
values).
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selection of the model with lowest Akaike information 
criterion (AIC) value, which is a measure of goodness of 
fit. Here, SSRI use was applied as outcome and predic-
tors analyzed were: age, gender, and selected panoramic 
indices that significantly correlated with any of the 
demographic variables. In the model selection process, 
multicollinear predictor variables with variance infla-
tion factor ≥2 were first discarded followed by non-sig-
nificant predictors until the lowest AIC value was 
reached. Odds ratios (ORs) for significant predictors 
were computed. Secondly, based on the above model, a 
multinomial regression analysis was conducted to deter-
mine if  SSRI was an independent predictor of the deter-
mined best-related panoramic index, while accounting 
for confounding by age, gender and other panoramic 
indices.

As an ancillary analysis to identify the impact of 
different SSRI agents, the subset of data for SSRI users 
was used to build a proportional odds model with the 
selected panoramic index as dependent variable, using 
age, gender and type of SSRI agent as predictors.

Results

Descriptive values of demographic and radiographic 
measurements are summarized in Table  1. A total of 
112 subjects: 64 active SSRI users and 48 controls were 

assessed. Mean age in active group was 35.2 (±  11.9) 
years and in the control group was 31.6 (± 9.7) years. No 
significant differences were noted in mean age between 
the two groups (independent sample’s t-test, p = 0.087). 
The active group had 53 females (82.8%) and 11 (17.2%) 
males whereas the control group had 29 (60.4%) females 
and 19 (39.6%) males. Frequency-weighted Χ2 tests 
controlling for difference in group sizes demonstrated 
females were significantly over represented among SSRI 
users (Pearsons Χ2 statistic = 0.623, p = 0.022) with an 
OR of 1.379 [95% confidence interval (CI) (1.062–1792)] 
as compared to males. With regards to specific SSRI 
agents, among the 64 SSRI users, 20 used Citalopram, 
20 used Sertraline, 13 used Escitalopram, 6 used Parox-
etine and 5 used Fluoxetine.

Tables 2 and 3 show outcomes of correlation matrix 
analyses. Amongst the demographic variables; SSRI use 
correlated significantly with gender, which was signifi-
cantly correlated to age. Age and gender were signifi-
cantly correlated to KI category and PMI, respectively. 
SSRI use was correlated to several panoramic indices; 
namely; KI category, condylar pathology, mean ramus 
height and mean cortical width (Table  2). Amongst 
the panoramic indices, several significant correlations 
were notable. KI category significantly correlated with 
Antegonial notching index, mean cortical width and 
PMI. Mean ramus height and cortical width were 

table 1 Descriptive data for demographic and radiographic measurements in SSRI active and control subjects (mm)

SSRI active (n = 64) Control (n = 48)

Age (years)
Mean (standard deviation)

35.2 (11.9) 31.7 (9.7)

Gender
N (%) of females

53 (82.8%) 29 (60.4%)

Klemetti index
n (%) of C1, C2, C3

C1 = 13 (20.3%), C2 = 20 (46.9%), C3 = 21 (32.8%) C1 = 24 (50.0%), C2 = 20 (41.6%), C3 = 4 (8.3%)

Right left Right left
Antegonial notching index
N (%) of normal, mild, 
moderate, severe erosion

mild = 18 (28.1%)  
moderate = 06 (9.3%)  
severe = 03 (0.04%)  
normal = 37 (57.8%)

mild = 13 (20.3%)  
moderate = 07 (10.9%)  
severe = 03 (0.04%)  
normal = 41 (64.1%)

mild = 15 (14.9%)  
moderate = 04 (0.1%)  
severe = 0 (0%)  
normal = 29 (60.4%)

mild = 13 (27.1%)  
moderate = 03 (0.1%)  
severe = 0 (0%)  
normal = 32 (66.6%)

Condylar pathology
N (%) of none, present, flat

none = 41 (64%)  
present = 15 (23.4%)  
flat = 8 (12.5%)

none = 36 (56.3%) 
present = 17 (26.5%) 
flat = 11 (17.2%)

none = 35 ( 72.9%) 
present = 13 (27.0%)  
flat = 00 (0%)

none = 34 (70.8%)  
present = 14 (29.1%)  
flat = 00 (0%)

Ramus height (mm)
Mean (SD)

79.65 (15.94) 80.2 (15.19) 70.5 (9.52) 71.06 (10.2)

Mandibular
cortical width
(mm) Mean (SD)

5.2 (1.48) 5.28 (1.32) 4.67 (0.67) 4.72 (0.78)

Panoramic mandibular 
indexi-i

0.38 (0.28) 0.36 (0.17) 0.34 (0.07) 0.35 (0.07)

Panoramic mandibular 
index-s

0.33 (0.33) 0.34 (0.38) 0.26 (0.05) 0.27 (0.05)

Mean panoramic 
mandibular index ia<0.3 n 
(%)

21 (32.8%) 12 (25%)

SD, standard deviation; SSRI, selective serotonin reuptake inhibitor.
aBased on the mean of right & left PMIi.
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similarly correlated. PMI was significantly correlated 
with mean cortical width, whereas PMI <0.3 was signifi-
cantly correlated to Condylar pathology, mean ramus 
height, mean cortical width and PMI (Table 3).

The distribution of KI categories was significantly 
different between SSRI active and control groups (Χ2 
statistic = 13.165, p = 0.001) (Figure 2). The category 
C3 was significantly overrepresented in the SSRI Active 
group. Multinomial regression models (forward step-
wise, reference category: C1) were constructed with 
SSRI use, age and gender as predictors and revealed 
significant effects for all predictors (Mc Fadden Pseudo 
R2 squared = 0.143; Χ2 statistic = 36.068, p < 0.001). 
As compared to C1, SSRI use had OR 2.926 [95% CI 
(1.07–8.04)] for category C2 and an OR of 19.86 [95% 
(CI 3.91–100.69)] for category C3.

Significantly greater number of subjects in the SSRI 
active group had flat condylar anatomy on both sides 

as compared to control subjects (right side: Χ2 statistic 
= 6.41, p = 0.41; left side: Χ2 statistic = 8.84, p = 0.012) 
(Figure 3). Multinomial regression modeling using age, 
gender and SSRI use, showed only SSRI use was signif-
icant in the final model (right side: Mc Fadden Pseudo 
R2 = 0.053; Χ2 statistic = 9.414, p = 0.009; left side: Mc 
Fadden Pseudo R2= 0.143; Χ2 statistic = 36.068, p < 
0.001).

However, the distribution of antegonial notching 
categories for both left and right sides showed no signif-
icant differences between the two groups (right side: 
3.207, p = 0.524; left side: 3.891, p = 0.424) (Figure 4). 
Multinomial regression modeling showed no significant 
effects of age, gender or SSRI use on the incidence of 
the antegonial notching category (right side: Mc Fadden 
Pseudo R2= 0.040, Χ2 statistic = 7.505, p = 0.585; Left 
side: Mc Fadden Pseudo R2 = 0.086; Χ2 statistic = 16.09; 
p = 0.187).

Multivariate generalized linear modeling controlling 
for age and gender revealed significant effects of SSRI 
use on mean ramus height (f statistic = 5.774; p = 0.001) 
(Figure  5a) and MCW (f statistic = 3.039, p = 0.032) 
(Figure 5b).

Generalized linear modeling with age and gender and 
SSRI use as predictors showed no significant impact 
upon panoramic mandibular indices (inferior PMI: f  
statistic = 0.687, p = 0.562; superior PMI = f  statistic 
= 1.046; p = 0.375) (Figure 6). Similarly, binary logistic 
regression showed non-significant effect on mean PMI 
<0.3 (Mc Fadden Pseudo R2 = 0.016, Χ2 statistic = 
2.141, p = 0.543) of age (OR = 1.00, p = 0.91), gender 
(OR for male gender = 0.49, p= 0.163) or SSRI use (OR 
for SSRI use present = 1.14, p = 0.762).

Multiple regression with model selection was initi-
ated using as predictors: age, gender and panoramic 
indices that significantly correlated to demographic 
variables, including KI category, condylar pathology, 
mean ramus height, mean cortical width and PMI. 
The full and best-fit model results are summarized in 
Table  4. The best-fit model (AIC = 130. 25) showed 
significant impact of gender (OR = 1.4), KI (OR = 1.3) 
and mean ramus height (OR = 1.0) with low variance 

table 2 Correlation matrix: independent variables and radiographic 
indices

Spearmans r (p-value) SSRI use Age Gender

SSRI use 1 – –

Age 0.20 (0.10) 1 –

Gender 0.41 (0.01) 0.48 (<0.001) 1

KI category 0.5(<0.001) 0.23 (0.04) −0.17 (0.38)

Antegonial notching 0.12 (0.14) 0.06 (0.61) −0.27 (0.13)

Condylar pathology 0.28 (0.04) 0.10 (0.46) 0.03 (0.79)

Mean ramus height 0.40 (<0.001) −0.09 (0.48) −0.04 (0.68)

Mean cortical width 0.31(<0.001) 0.09 (0.22) 0.07 (0.51)

PMI 0.13 (0.19) 0.07 (0.90) 0.16 (<0.001)
PMI <0.3 0.01 (0.95) −0.04 (0.69) 0.48 (0.08)

KI, Klemetti index; PMI, panoramic mandibular index; SSRI, 
selective serotonin reuptake inhibitor.
Variables: age: continuous, SSRI use: categorical, levels: active/
control; gender: categorical, levels: female/male; KI categories: 
categorical, levels: c1, c2 or c3; antegonial notching (highest score 
among left and right sides): categorical, levels: none, mild, moderate, 
severe; condylar anatomy (highest score among left and right 
sides): categorical, levels: normal, condylar pathology, flat. PMI: 
continuous, PMI <0.3: categorical; levels: yes, no.
ap value was significant at 0.05, significant values in bold font

table 3 Correlation matrix of dependent variables (radiographic indices)a

Spearmans r (p- value) KI
Antegonial
notching

Condylar 
anatomy

Mean ramus 
height

Mean cortical 
width PMI PMI <0.3

KI category 1.00 0.43 (<0.001) 0.20 (0.14) 0.13 (0.21) 0.37 (<0.001) 0.14 (0.03) 0.48 (0.06)

Antegonial notching – 1.00 0.19 (0.26) 0.12 (0.34) 0.22 (0.06) 0.15 (0.37) 0.22 (0.15)

Condylar pathology – – 1.00 0.05 (0.68) 0.08 (0.54) −0.14 (0.06) −0.32 (0.02)

Mean ramus height – – – 1.00 0.43 (<0.001) −0.22 (0.72) −0.23 (0.07)

Mean cortical width – – – – 1.00 0.46 (<0.001) 0.41 (<0.001)
PMI – – – – – 1.00 0.87 (<0.001)
PMI <0.3 – – – – – – 1.00

KI, Klemetti index; PMI, panoramic mandibular index.
ap-value significant at 0.05, Variables: KI categories: categorical, levels: c1, c2 or c3; antegonial notching (highest score among left and right 
sides): categorical, levels: none, mild, moderate, severe; condylar anatomy (highest score among left and right sides): categorical, levels: normal, 
condylar pathology, flat. PMI: continuous, PMI <0.3: categorical; levels: yes, no.
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inflation values (<1.1) of each of these predictors indi-
cating no multicollinearity. The KI was the selected as 
the “best-associated” panoramic index. Table 5 summa-
rizes the multinomial regression performed with KI 
category as dependent variable. Here, KI category C1 

was considered as the reference level. KI category C3 
was significantly predicted by SSRI use (OR = 31.2, p 
= 0.002), female gender (17.5, p = 0.006), and severe 
antegonial notching (OR = 1289, p < 0.001). For SSRI 
users, the proportional odds model with SSRI type, age 

Figure 6 Inferior and superior panoramic mandibular index in SSRI active and control groups (mean of right and left side)

table 4 Multiple regression analysis to ascertain panoramic indices best associated with SSRI use

Full modela: SSRI use = age + gender + KI category + condylar anatomy + mean ramus height + mean cortical width + PMI

Summary statistics: AIC = 133.9, likelihood ratiob = 8.97, pb ≤0.001

Predictors VIF Odds ratio t-statistic -pvalue

Age 1.3 1.0 −0.06 0.95

Gender 1.2 1.4 3.36 0.001

KI category 1.3 1.3 4.08 <0.001

Condylar anatomy 1.1 1.1 1.79 0.07

Mean ramus height 1.6 1.0 3.40 0.001

Mean cortical width 2.0 0.9 −1.03 0.30

PMI 1.2 1.1 0.57 0.57

Final modela = SSRI use = gender + KI category + mean ramus height

Summary statistics: AIC = 130.2, likelihood ratiob = 8.24, pb = <0.001

Predictors VIF Odds ratio t-statistic p-value

Gender 1.0 1.4 3.70 <0.001

KI category 1.0 1.3 4.47 <0.001

Mean ramus height 1.0 1.0 3.54 0.001

AIC, Akaike information criterion; KI, Klemetti index; PMI, panoramic mandibular index; SSRI, selective serotonin reuptake inhibitor.
aDummy coding for variables: SSRI use: controls = 0, SSRI users = 1; gender: male = 0, female = 1; KI category: c1 = 1, c2 = 2, c3 = 3; condylar 
pathology: normal = 0, pathology present = 1, flat = 2.
bLikelihood test for model comparison with null model containing only intercept. Significant values in bold text.
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and gender as predictors showed that for the outcome 
KI (reference category = C1), gender alone was a signif-
icant predictor (Wald statistic = 2.58, OR = 12.85, p = 
0.009) but not age (Wald statistic = −0.08, OR = 0.91, p 
= 0.93) and type of SSRI (Escitalopram; Wald statistic 
= 0.67, OR = 1.66; p = 0.50, Fluoxetine; Wald statistic 
= 0.80, OR = 2.15, p = 0.42; Paroxetine; Wald statistic = 
−0.46, OR = 0.63, p = 0.64; Sertraline; Wald statistic = 
−0.12, OR = 0.91, p = 0.90).

Discussion

The primary purpose of this study was to investigate the 
association between the intake of SSRIs and panoramic 
mandibular indices, which have been widely assessed as 
indicators of skeletal BMD.31–42 Skeletal BMD is also 
correlated to mandibular BMD,45 which is similarly 
reflected by panoramic indices.47 As jawbone BMD 
impacts local microarchitecture,48 its loss is suggested 
as a risk factor for alveolar bone loss in periodontits49 
although the not conclusively. Despite their limitations, 
panoramic indices mentioned may serve as screening 
tools for the effect of SSRIs on jawbones and BMD 
due to their widespread availability. It is plausible that a 
negative impact on panoramic indices may reflect dele-
terious changes in skeletal and local BMD and possibly 
a greater susceptibility to related pathology such as peri-
odontal disease. To our knowledge, this is the first study 
to report on the panoramic indices as related to clinical 
SSRI use. However, such an association needs to be eval-
uated in light of the fact that numerous local, systemic 
and environmental factors converge to influence bone 

condition and the exact clinical value of panoramic 
indices is yet undetermined.

Notably, there is scare dental literature regarding the 
implications of SSRIs on dental procedures and their 
outcomes.29,30,50 The link between SSRI use and bone 
health however, is affected by several patient- and drug- 
related factors. These include age, gender, type of SSRI 
drug, dosage and duration of exposure and the mental 
health status of the patient.16 The present study was 
limited to individuals in the age range of 20–65 years as 
the reliability of these indices in adolescents and older 
individuals could be lower, owing to the developmental 
stage and age associated decline which may be sharper 
after 60 years of age.51 In the present study, females 
showed significantly higher odds of SSRI use, very 
likely reflecting the well-recognized gender differences in 
depression and anxiety disorders.52 Therefore, both age 
and gender were used as independent predictors in the 
multivariate analyses. Increase in drug dosage and dura-
tion of exposure have both been associated positively 
with long bone fracture risk,19,53 whereas others have 
noted that such risk peaked at about 8 months of SSRI 
consumption and remained elevated thereafter.53 In the 
present study, a threshold of 6 months was used in an 
attempt to avoid confounding from very short durations 
of SSRI consumption.

In the correlation matrix analysis, increasing KI 
category was correlated with both SSRI use and age. 
After adjusting for age and gender, the KI index was 
significantly different between the SSRI active and 
control groups and SSRI users had an OR 2.926 [95% 
CI (1.07–8.04)] for category C2 over C1 and an OR of 
19.86 [95% CI (3.91–100.69)] for category C3 over C1, as 

table 5 Multinomial regression analysis with KI category as dependent variablea

Full modela: KI = mean ramus height + SSRI use + age + gender + antegonial notching + condylar anatomy + mean ramus height + mean cortical 
width + PMI,

Summary statistics: AIC = 189. 34, likelihood ratiob = 66.01, pb = <0.001

Predictors Odds ratio for KI category C2 (p-value) Odds ratio for KI category C3 (p-value)

Age 0.98 (0.21) 1.06 (0.07)

Gender 1.3 (0.32) 17.53 (0.006)
SSRI use 4.41 (0.02) 31.18 (0.002)
Mean ramus height 0.94 (0.05) 0.98 (0.30)

Mean cortical width 2.60 (0.05) 2.30 (0.10)

PMI 61.89 (0.17) 1229.05 (0.30)

Antegonial notching

Antegonial notching - normal 1.09 (0.44) 0.21 (0.05)

Antegonial notching - moderate 0.96 (0.49) 4.51 (0.13)

Antegonial notching- severe 2568.51 (<0.001) 1289.07 (<0.001)
Condylar anatomy

Condylar anatomy - normal 0.22 (0.16) 0.40 (0.30)

Condylar anatomy -pathology present 0.46 (0.30) 0.29 (0.24)

AIC, Akaike information criterion; KI, Klemetti index; PMI, panoramic mandibular index; SSRI, selective serotonin reuptake inhibitor.
aReference category: KI category C1.
bLikelihood test for model comparison with null model containing only intercept. Significant values in bold text.
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compared to non-users. Considering moderate or severe 
cortical erosion is associated with osteopenia in 80% 
cases,36 these findings can be clinically significant. Para-
doxically, increasing KI was also positively correlated 
with mean MCW and ramus height. Correspondingly, 
both these parameters were noted as higher in SSRI 
users after controlling for demographic variables. MCW 
of <3 mm has low sensitivity but good specificity for 
individuals with reduced bone density.36 For this cohort, 
the average MCW in both SSRI users and non-users 
was >3 mm, possibly indicating a low prevalence of 
overt osteopenia or osteoporosis.

A significant finding of correlation matrix analysis 
was several significant correlations of both demographic 
and panoramic indices. A limitation of the univariate 
analyses of panoramic indices in relation to SSRI use 
is that these do not take the noted collinearity into 
account. In order to ascertain the panoramic indices 
with independent effects on SSRI use, multiple regres-
sion analysis with model selection was performed. In 
best-fit model, KI category and mean ramus were signif-
icant predictors of SSRI use. A single unit rise KI cate-
gory significantly increased the odds of SSRI use by 1.3, 
whereas mean ramus height had an OR of 1.0. There-
fore, KI category was selected as the panoramic index of 
choice, and verified by multinomial regression with KI 
as dependent variable. This analysis showed SSRI use as 
an independent predictor of worse KI category C2 and 
C3, with increasing odds, after accounting for signifi-
cant associations with demographic factor gender and 
panoramic index Antegonial notching index. Together, 
these results suggest that among the evaluated indices 
KI category showed “best” independent association 
with SSRI use. Therefore, it was the basis for subgroup 
analysis. Consistent with its association with poor 
BMD,36 this finding suggest that further studies could 
preferentially assess KI as an panoramic indicator of 
SSRI related bone changes.

Differences have been noted in fracture risk associ-
ated with various SSRI agents.54 However, an ancillary 
subgroup analysis the subset of data for SSRI users with 
ordinal KI categories as outcome showed no significant 
impact of different SSRI agents but found gender alone 
as a significant predictor of worse KI. It is likely that 
the small sample size and lack of information regarding 
dose and precise duration of exposure do not permit 
a dissection of specific drug related differences in the 
present study.

PMI has shown good sensitivity and specificity for 
low BMD at a cut-off  of 0.3.36 However, no statistical 
difference was determined in the PMI distribution 
between the control and SSRI groups. Using a cut-off  
of 0.3 in a binary logistic regression model, again no 
significant impact of SSRI use, age or gender was 
notable, although SSRI use showed a trend towards 
higher odds PMI of <0.3, there is need for further 
investigation in larger cohorts. Increased incidence of 

condylar flattening was found associated with SSRI use. 
While it is known that SSRIs can induce sleep bruxism 
and may exacerbate TMD,55,56 these results may be seen 
as preliminary evidence that SSRIs’ impact extends to 
condylar structure and wear. The association of SSRI 
with altered mandibular morphology warrants further 
investigations into effects of SSRI use on TMD, espe-
cially as antidepressants are used in treatment of TMD. 
Overall, the results of our preliminary study support the 
hypothesis that SSRIs use is associated with detrimental 
impact on BMD and craniofacial skeleton.

The findings must be viewed in light of several limita-
tions inherent in the current study. The study design 
was a retrospective cohort and although demographic 
covariates were factored into the analyses, other poten-
tial confounders remained unaddressed. Several other 
factors not taken into consideration in this preliminary 
study included race, alcohol intake, levels of physical 
activity, obesity, and nutritional status, vitamin D and 
calcium deficiency. The standard diagnosis of low BMD 
is via DXA or CT Hounsfield units.55 Linear measure-
ments from panoramic radiographs have shown consid-
erable heterogeneity57 in screening efficacy for low BMD 
and so are often combined with other diagnostic tools, 
which were lacking in the present investigation. Further-
more, panoramic radiographs may present with unequal 
magnification and distortion based on patient posi-
tioning. Despite using the same machine and exposure 
parameters, unequal magnification may persist and may 
also occur in different regions of the same radiograph.43,58 
In the current retrospective study, the radiographs were 
obtained for routine purposes and not under standard-
ized conditions. It is likely that differences in operator 
and acquisition parameters have a confounding effect. 
MCW  index is affected by the condition/presence of 
the teeth in the region due to distribution of occlusion 
forces59 that were not accounted for in the current study. 
Moreover, a priori sample size was computation was not 
done in this preliminary investigation owing to a lack of 
pilot data. In the light of these limitations, these find-
ings may be considered preliminary in nature and form 
a basis for larger scale epidemiological studies. Further 
investigations utilizing prospective designs, standard-
ized BMD measurement tools, larger and stratified 
sample sizes, and careful drug monitoring are in order 
to understand how SSRI drugs impact dentomaxillary 
structures and related conditions.

conclusion

In summary, this preliminary study suggested that SSRI 
intake was associated with lower BMD as indicated by 
worse panoramic radiomorphometric indices and alter-
ations in the mandibular bone morphology. Amongst 
the evaluated panoramic indices, KI had the best inde-
pendent association with SSRI use.
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