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Abstract
Background: Animal experiments have proved that increased tooth mobility may primarily result from periodontitis, alone or combined with trauma from occlusion. 
However, additional clinical studies on tooth mobility parameters would be desirable. Therefore, the aim of this cross-sectional study was to examine the potential 
association of various parameters (patient- and tooth-related clinical, radiographic and anatomical parameters) with the presence and grade of mobility of periodontally 
involved teeth in chronic periodontitis patients, prior to the initiation of periodontal therapy.

Methods: Forty chronic periodontitis patients with 683 periodontally involved teeth were studied. Clinical measurements of full-mouth plaque score (FMPS), 
gingival index simplified (GI-S), full-mouth bleeding on probing score (FMBS), clinical attachment loss (CAL), probing pocket depth (PD) and tooth mobility 
grade, and radiographic measurements of linear radiographic alveolar bone support (RBS) and loss (RBL) were performed. The type of radiographic alveolar bone loss 
(TRBL; horizontal or angular) and the presence of any periapical radiolucency (PR) with dimensions ≥1 mm × 1 mm were also recorded. Statistical analyses evaluated 
the association of dichotomous or continuous variables with tooth mobility presence and grade.

Results: Maximum CAL and PD per tooth, mean (mesial and distal) RBL per tooth, smoking, presence of a single-rooted tooth or PR were statistically significantly 
positively associated with tooth mobility grade; mean (mesial and distal) RBS per tooth was statistically significantly negatively associated, whereas no association was 
demonstrated for patient age, gender, FMPS, GI-S, FMBS and TRBL.

Conclusions: Within its limits, this study found that the main parameters affecting tooth mobility grade are tooth-related, including anatomical (number of roots), 
clinical (maximum clinical attachment loss and probing pocket depth per tooth) and radiographic parameters (mean radiographic alveolar bone loss and support per 
tooth, the presence of periapical radiolucency). Tooth mobility was also affected by smoking.

Key result: The main parameters of tooth mobility grade are maximum clinical attachment loss per tooth, maximum probing pocket depth per tooth, linear radiographic 
bone loss or support per tooth, smoking and presence of a single-rooted tooth or periapical radiolucency.
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Introduction
Physiological/normal tooth mobility may be defined as the 

slight displacement of the clinical crown of a tooth, that is allowed 
by the resilience of an intact and healthy periodontium, under the 
application of a moderate force [1,2]. Increased tooth mobility/
hypermobility (subsequently termed “tooth mobility” in the present 
study) could be defined as the clinically perceptible tooth movement 
or displacement in bucco-lingual (-palatal), mesio-distal and/or 
vertical (apico-coronal) direction, when the tooth is exposed to a 
small force (e.g. 0.25 N) [3].

Over the past decades, an extensive bulk of studies, the majority 
of which were animal experiments, conclusively documented that 
the main causes of tooth mobility are the widening of periodontal 
ligament and/or the destruction of supporting periodontal tissues, 
most usually resulting from the presence of active or treated 
periodontitis (presence of non-inflamed periodontium with reduced 
periodontal support), either alone [4-6] or combined with trauma 
from occlusion [6-16]. 

As reviewed in the literature [2,17] the degree of tooth mobility 
may be influenced by a wide variety of factors, such as: the root surface 
area with connective tissue attachment and therefore tooth type and 
morphology (e.g. crown-to-root ratio, number, shape and length of 
roots etc.) and the structural, biophysical (e.g. viscoelasticity and 
resilience) and metabolical properties of the periodontal ligament and 
the supporting alveolar bone. All the above-mentioned properties may 
be affected by functional (e.g. intensity and direction of occlusal forces), 
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local (e.g. severity of periodontal inflammation) or systemic conditions 
(e.g. diabetes); such conditions could be either physiological (e.g. 
pregnancy) or pathological (e.g. periodontal or periapical abscess) 
[17].

Taking into account that tooth mobility may be affected by a 
plethora of factors, it is clinically important to examine the association 
of mobility with various parameters. A certain amount of information 
on various associated parameters has already been accumulated by 
research in humans during the past few decades [4,18-22], but it is 
clear that additional evidence originating from clinical research would 
further be desirable.

Therefore, the aim of the present cross-sectional study was to 
examine the potential association of various parameters with the 
presence and grade of mobility of periodontally involved teeth in 
chronic periodontitis patients, prior to the initiation of periodontal 
therapy. These parameters were subcategorized as follows:

• patient-related parameters: age; gender; presence or absence of 
smoking ≥10 cigarettes / day,

• anatomical tooth-related parameters: tooth type according to the 
number of roots, i.e., presence of a single- or a multi-rooted tooth,

• clinical tooth-related parameters: full-mouth plaque score (FMPS) 
[23]; gingival index simplified (GI-S) [24]; full-mouth bleeding 
on probing score (FMBS) [25]; maximum clinical attachment loss 
(CALmax) per tooth; maximum probing pocket depth (PDmax) per 
tooth and

• radiographic tooth-related parameters: mean (mesial and distal) 
linear radiographic alveolar bone loss (mean RBL) per tooth; 
mean (mesial and distal) linear radiographic alveolar bone support 
(mean RBS) per tooth; type of radiographic alveolar bone loss 
(TRBL), horizontal or angular; presence or absence of a periapical 
radiolucency with dimensions ≥1 mm × 1 mm [26], as assessed on 
conventional periapical radiographs)

Materials and methods

Patient and tooth population 
The study protocol was approved by the Ethics and Research 

Committee of the School of Dentistry, University of Athens, Athens, 
Greece and was conducted in accordance with the provisions of the 
World Medical Association’s Helsinki Declaration of 1975, as revised 
in 2000. Forty Caucasian volunteers (14 males and 26 females; age 
range 31-66 years; mean age 48.89 ± 8.74 years) were selected from the 
patient pool of the Department of Periodontology, School of Dentistry, 
University of Athens, Athens, Greece, based on the following inclusion/
exclusion criteria.

Inclusion criteria

• Systemically healthy Caucasians, aged ≥18 years

• Diagnosis of generalized chronic periodontitis of any severity, 
according to the definition settled in the 1999 International 
Workshop for a Classification of Periodontal Diseases and 
Conditions [27] 

• Presence of at least 15 periodontally involved teeth (single- and/or 
multi-rooted), without fixed or removable prosthetic restoration, 
occlusal interferences and/or trauma from occlusion, caries, 
fracture, gingival overgrowth, drug-induced gingival/periodontal 

conditions, periodontal abscess, endodontic pathology (including 
root resorption) or a combined periodontal-endodontic lesion.

Exclusion criteria

• History of previous periodontal therapy within 6 months before the 
screening examination

• Contraindications for radiographic examination (e.g. pregnant 
females) or general contraindications for clinical research (e.g. 
psychiatric problems.)

Clinical examination

The clinical examination of teeth and their periodontium was 
performed in all patients prior to the initiation of periodontal therapy 
and comprised measurements of the following clinical periodontal 
parameters: FMPS [23], GI-S [24], FMBS [25], clinical attachment loss 
(CAL), probing pocket depth (PD), gingival recession depth (REC) and 
the grade of tooth mobility. CAL was measured as the distance between 
the cemento-enamel junction (CEJ) and the clinically probeable base 
of each periodontal pocket, whereas PD was measured as the distance 
between the free gingival margin and the clinically probeable base of each 
periodontal pocket. REC was measured as the distance between the CEJ 
and the free gingival margin. If the CEJ was not distinguishable/usable 
as a reference point (e.g. due to fillings, erosion etc.), another alternative 
stable landmark served as the reference point for measurement. CAL, 
PD and REC were rounded off to the nearest millimeter.

Clinical measurements of FMPS, GI-S, FMBS, CAL, PD and REC 
were performed by the same masked and calibrated examiner (A.G.) in 
all patients on six aspects/sites per tooth: mesio-facial (-buccal), mid-
facial (-buccal), disto-facial (-buccal), mesio-lingual (-palatal), mid-
lingual (-palatal) and disto-lingual (-palatal), using the same type of 
periodontal probe (PCP UNC-15, Hu-Friedy, Chicago, IL) with a mild 
probing force, corresponding to approximately 25 N.

The examiner (A.G.) who performed the clinical measurements 
of FMPS, GI-S, FMBS, CAL, PD and REC was masked with respect 
to clinical measurements of tooth mobility, in order not to affect the 
results of the subsequent statistical analysis on the correlation of 
tooth mobility with clinical parameters. Clinical measurements of 
tooth mobility were performed by another examiner (E.P.), who was 
masked throughout the entire study period with respect to all other 
clinical and radiographic measurements. Calibration for the evaluation 
of intra-examiner reproducibility of periodontal probing had already 
been performed prior to the screening examination, using methods 
previously described [28,29]. In particular, five patients, each having 
at least 10 teeth (single- and multi-rooted) with PD ≥6 mm on at least 
one aspect, were used to calibrate the examiner (A.G.). The examiner 
carried out a measurement of CAL and PD in duplicate and 48 h apart. 
The examiner was considered to be reproducible at an acceptable level, 
because at least 90% of the recordings at baseline and after 48 h were 
reproduced within a difference of 1 mm [28,29].

The mobility of each tooth was determined by holding the tooth 
between the handles of two metallic dental instruments and attempting 
to move it in all three directions, i.e. mesio-distally, bucco- (facio-) 
lingually (-palatally) and apico-coronally (vertically). The grade of 
tooth mobility was assessed three consecutive times and the most 
frequent measurement was finally selected and recorded.

Two grading systems were used to record the grade of tooth 
mobility:
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 » A four-grade system (0, I, II, III), in accordance with the original 
classification of tooth mobility proposed by Nyman, et al. [30] 

 » A seven-grade system (0, +, I, I+, II, II+, III), which was a 
modification of the original classification of tooth mobility [30], 
produced by subdividing grade I to grades + and I, grade II to grades 
I+ and II and grade III to grades II+ and III, thus finally increasing 
the number of grades from four to seven, as defined below:

• Grade 0: No detectable displacement of the clinical crown

• Grade +: Movement of the clinical crown ≤0.5 mm bucco- 
(facio-) lingually (-palatally) and/or mesio-distally

• Grade I: Movement of the clinical crown >0.5 mm, but ≤1 mm 
bucco- (facio-) lingually (-palatally) and/or mesio-distally

• Grade I+: Movement of the clinical crown >1 mm, but ≤1.5 mm 
bucco- (facio-) lingually (-palatally) and/or mesio-distally

• Grade II: Movement of the clinical crown >1.5 mm, but ≤2 mm 
bucco- (facio-) lingually (-palatally) and/or mesio-distally

• Grade II+: Movement of the clinical crown >2 mm, but ≤2.5 mm 
bucco- (facio-) lingually (-palatally) and/or mesio-distally

• Grade III: Movement of the clinical crown >2.5 mm bucco- 
(facio-) lingually (-palatally) and/or mesio-distally and/or any 
displacement (any millimeters) of the clinical crown apico-
coronally (vertically).

Radiographic examination

For each patient, radiographic examination was performed prior to 
the initiation of periodontal therapy by means of an orthopantomograph 
and full-mouth periapical radiographs (14 periapical radiographs, in 
complete dentition), taken with the parallel cone technique, using the 
same x-ray generating dental radiographic unit (Oralix 65S, Gendex 
Dental System, Milan, Italy) operating at standardized conditions 
(65 kVp and 7.5 mA settings and 0.32-0.45 s exposure time), as well 
as by using the same F-speed dental x-ray film (Kodak InSight Dental 
Film, Kodak Dental Systems, Carestream Health, Inc., Rochester, NY), 
processed automatically following exposure. All radiographs were 
taken by the same masked and calibrated operator (A.G.), who also 
performed the subsequent radiographic measurements.

For radiographic measurements, the radiographic images of the 
CEJ and the tooth apex served as stable reference points, whereas the 
alveolar crest level was the non-stable landmark [31]. RBL was measured 
by using the same conventional ruler (Fixot-Everett radiopaque grid, 
Oregon Health Sciences University, Portland, Oregon, USA), both 
mesially and distally to each tooth, as the distance (in millimeters) from 
the CEJ to the alveolar crest level (mesially and distally, respectively), 
as imaged on the periapical radiographs. RBS was measured by using 
the same conventional ruler, both mesially and distally to each tooth, 
as the distance (in millimeters) from the alveolar crest level (mesially 
and distally, respectively) to the tooth apex, as imaged on the periapical 
radiographs. Mean RBL per tooth or mean RBS per tooth was 
calculated as the mean value of the mesial and distal measurement of 
RBL or RBS, respectively, i.e. based on two measurements per tooth. 
If a periodontal endosseous defect was radiographically imaged, the 
distance from the alveolar crest level to the defect base level (depth of 
the endosseous component of the endosseous defect) and the mesio-
distal defect width at the alveolar crest level were also measured [26]. 
By definition, periodontal endosseous defects were considered to 
radiographically present both depth of the endosseous component ≥1 

mm and mesio-distal defect width at the alveolar crest level ≥1 mm 
[26]. All radiographic measurements were rounded off to the nearest 
millimeter.

The examiner (A.G.) who performed all radiographic measurements 
was masked with respect to all clinical measurements (tooth mobility 
and FMPS, GI-S, FMBS, CAL, PD and REC), in order not to affect 
the results of the subsequent statistical analysis on the correlation of 
tooth mobility with clinical and radiographic parameters. It should 
be noted that the examiner (A.G.) who performed all radiographic 
measurements had also carried out all clinical measurements, except 
for tooth mobility. However, radiographic measurements were 
performed at a considerable period of time (two weeks) after the clinical 
measurements and without concomitant access to them. Calibration 
for the evaluation of intra-examiner reproducibility of radiographic 
measurements had already been performed prior to the screening 
examination, using methods analogous to those described above for 
clinical measurements [28,29]. In particular, five patients, each having 
at least 10 teeth (single- and multi-rooted) with PD ≥6 mm on at least 
one aspect, were used to calibrate the examiner (A.G.). The examiner 
carried out in duplicate and 48 h apart measurements of the mesial 
and distal RBS (in millimeters) of each tooth on the same radiograph. 
The examiner was considered to be reproducible at an acceptable level, 
because at least 90% of the recordings at baseline and after 48 h were 
reproduced within a difference of 1 mm.

Statistical analysis

The association of dichotomous variables (gender; tooth type, 
single- or multi-rooted teeth; type of radiographic alveolar bone loss, 
horizontal or angular) with the presence or absence of tooth mobility 
was evaluated by using the χ2 test. The association of continuous 
variables (age, FMPS, GI-S, FMBS, CALmax per tooth, PDmax per tooth, 
mean RBL per tooth and mean RBS per tooth) with the presence or 
absence of tooth mobility was assessed by the use of the Wilcoxon-
Mann-Whitney test for non-parametric data, because in this dataset all 
continuous variables did not follow the normal distribution, as revealed 
by the Shapiro-Wilk test (p<0.01).

The association of dichotomous variables (gender; presence or 
absence of smoking ≥10 cigarettes / day; tooth type, single- or multi-
rooted teeth; type of radiographic alveolar bone loss, horizontal 
or angular; presence or absence of a periapical radiolucency with 
dimensions ≥1 mm × 1 mm) with the grade of tooth mobility was 
evaluated by using the χ2 test. The association of continuous variables 
(age, FMPS, GI-S, FMBS, CALmax per tooth, PDmax per tooth, mean RBL 
per tooth and mean RBS per tooth) with the grade of tooth mobility 
was assessed by the use of the Kruskal-Wallis test for non-parametric 
data, because in this dataset all continuous variables did not follow the 
normal distribution, as revealed by the Shapiro-Wilk test (p<0.01). 
Commercially available statistical software (Stata/SE 14.0 for Windows, 
Stata Corporation, College Station, TX) was used. The level of statistical 
significance was set at 5% (p = 0.05).

Results
All 40 patients safely completed the study, without any 

complications.

Patient and tooth population (Table 1)

The main characteristics of the patient and tooth population are 
summarized in Table 1. According to the definition of the severity of 
chronic periodontitis [27] (Armitage 1999), two patients exhibited mild 
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periodontitis, nine patients presented moderate periodontitis, whereas 
the remaining 29 patients had severe periodontitis. Nineteen patients 
were considered to be smokers (defined as consumers of ≥10 cigarettes / 
day), whereas 21 patients were regarded as non-smokers (<10 cigarettes 
/ day). In total, 683 periodontally involved teeth (446 single- and 237 
multi-rooted teeth) were studied.

Main clinical and radiographic outcomes (Tables 2 and 3)

The grade of tooth mobility by tooth type according to the number 
of roots (single- or multi-rooted teeth) is presented in Table 2. The 
main clinical and radiographic parameters measured are summarized 
in Table 3. Horizontal radiographic alveolar bone loss appeared around 
613 teeth (89.75%), whereas angular radiographic alveolar bone loss 
was present in around 70 teeth (10.25%). In total, 76 periodontal 
endosseous defects (44 mesial and 32 distal) were radiographically 
detected. The mean radiographic depth of the angular defects was 3.03 
mm ± 1.44 mm, while their mean radiographic mesio-distal width was 
2.36 mm ± 1.24 mm.

Presence or absence of tooth mobility associated with patient-
related, clinical and radiographic parameters (Table 4)

With respect to the association of dichotomous variables with 
the presence or absence of tooth mobility, the χ2 test revealed a 
marginally statistically significant (p=0.043) relation to gender 
(males: 61.39% vs. females: 69.23% mobile teeth), whereas both 
the tooth type (single- or multi-rooted teeth) and the type of 
radiographic alveolar bone loss (horizontal or angular) were not 
statistically significantly associated (p>0.05).

With respect to the association of continuous variables (age, 
FMPS, GI-S, FMBS, CALmax per tooth, PDmax per tooth, mean RBL 
per tooth and mean RBS per tooth) with the presence or absence of 
tooth mobility, the Wilcoxon-Mann-Whitney test for non-parametric 
data revealed that CALmax per tooth, PDmax per tooth, mean RBL per 
tooth and mean RBS per tooth were statistically significantly related to 
the presence or absence of tooth mobility at varying levels of statistical 

significance (p<0.01 or p<0.001, Table 4), whereas age, FMPS, GI-S 
and FMBS were not statistically significantly associated (p>0.05). In 
particular, mobile teeth exhibited statistically significantly higher 
values of CALmax per tooth, PDmax per tooth and mean RBL per tooth, 
and statistically significantly lower mean RBS per tooth, compared with 
non-mobile teeth (Table 4).

Grade of tooth mobility associated with patient-related, 
clinical and radiographic parameters (Table 4)

With respect to the association of dichotomous variables (gender; 
presence of smoking ≥10 cigarettes / day; tooth type, single- or multi-
rooted teeth; type of radiographic alveolar bone loss, horizontal 
or angular; presence or absence of a periapical radiolucency with 
dimensions ≥1 mm × 1 mm) with the grade of tooth mobility, the χ2 
test revealed that gender and type of radiographic alveolar bone loss 
(horizontal or angular) were not statistically significantly associated 
with tooth mobility grade (p>0.05). In contrast, statistically significantly 
higher tooth mobility was demonstrated for single-rooted teeth 

Population Main characteristics
Patient population (N=40)
Age
Mean ± SD; Range (years)

48.89 ± 8.74; 31-66

Males (N; %) 14; 35.0%
Females (N; %) 26; 65.0%
Mild chronic periodontitis (N; %) 2; 5.0%
Moderate chronic periodontitis (N; %) 9; 22.50%
Severe chronic periodontitis (N; %) 29; 72.50%
Smokers (≥10 cigarettes / day) (N; %) 19; 47.50%
Non-smokers (<10 cigarettes / day) (N; %) 21; 52.50%

Tooth population (N=683)
Single-rooted teeth (N; %) 446; 65.30%
Multi-rooted teeth (N; %) 237; 34.70%
Maxillary incisors (N; %) 110; 16.11%
Maxillary canines (N; %) 42; 6.15%
Maxillary premolars (N; %) 88; 12.88%
Maxillary molars (N; %) 100; 14.64%
Mandibular incisors (N; %) 119; 17.42%
Mandibular canines (N; %) 41; 6.0%
Mandibular premolars (N; %) 89; 13.03%
Mandibular molars (N; %) 94; 13.76%

Table 1. Patient and tooth population: main characteristics

Tooth mobility 
grade

Single-rooted teeth
(N & %)

Multi-rooted teeth
(N & %)

Total
(N & %)

Original 
classification 

(Nyman, et al. 1975) 
modified

0 138 & 20.20% 89 & 13.03% 227 & 33.24%
+ 80 & 11.71% 26 & 3.81% 106 & 15.52%
I 157 & 22.99% 61 & 8.93% 218 & 31.92%

I+ 27 & 3.95% 22 & 3.22% 49 & 7.17%
II 29 & 4.25% 25 & 3.66% 54 & 7.91%

II+ 10 & 1.46% 8 & 1.17% 18 & 2.64%
III 5 & 0.73% 6 & 0.88% 11 & 1.61%

Total 446 & 65.30% 237 & 34.70% 683 & 100%

Original 
classification 

(Nyman, et al. 1975)
0 138 & 20.20% 89 & 13.03% 227 & 33.24%
I 237 & 34.70% 87 & 12.74% 324 & 47.44%
II 56 & 8.20% 47 & 6.88% 103 & 15.08%
III 15 & 2.20% 14 & 2.05% 29 & 4.25%

Total 446 & 65.30% 237 & 34.70% 683 & 100%

Table 2. Tooth mobility grade by tooth type

Main parameters
(N=683) Mean ± SD (mm)

Clinical parameters
CALmax 6.87 ± 1.91
PDmax 6.02 ± 1.92

Radiographic parameters
Mesial RBL 5.49 ± 2.24
Distal RBL 5.77 ± 2.17
Mean RBL 

(Mesial & Distal) 5.63 ± 2.21

Mesial RBS 9.07 ± 2.81
Distal RBS 8.74 ± 2.76
Mean RBL 

(Mesial & Distal) 8.91 ± 2.79

Table 3. Main clinical and radiographic parameters

Abbreviations: CALmax: Maximum clinical attachment loss per tooth; PDmax: Maximum 
probing pocket depth per tooth; RBL: Linear radiographic bone loss per tooth; RBS: Linear 
radiographic bone support per tooth; SD: Standard deviation
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(p=0.05), teeth with a periapical radiolucency with dimensions ≥1 mm 
× 1 mm (p=0.037) and smokers (p=0.029).

With respect to the association of continuous variables (CALmax 
per tooth, PDmax per tooth, mean RBL per tooth and mean RBS per 
tooth) with the grade of tooth mobility, the Kruskal-Wallis test for non-
parametric data revealed that CALmax per tooth, PDmax per tooth and 
mean RBL per tooth were statistically significantly positively related 
to the grade of tooth mobility (p<0.001, Table 4), whereas mean RBS 
per tooth was statistically significantly negatively associated with tooth 
mobility grade (p<0.001, Table 4). In contrast, age, FMPS, GI-S and 
FMBS were not statistically significantly related to the grade of tooth 
mobility (p>0.05).

The association of patient-related, clinical and radiographic 
parameters with the grade of tooth mobility was statistically re-
evaluated by using a four-grade (0, I, II, III) classification, in accordance 
with the original classification of tooth mobility proposed by Nyman, et 
al. (1975). For all statistical tests performed, the statistical significance 
found was not different from the statistical significance demonstrated 
by the use of the seven-grade (0, +, I, I+, II, II+, III) modification of the 
classification proposed by Nyman et al. (1975) (Table 4).

Discussion
The present cross-sectional study examined the association of 

various parameters (patient-related and tooth-related anatomical, 
clinical and radiographic parameters) with the presence and grade 
of mobility of periodontally involved teeth in chronic periodontitis 
patients, prior to the initiation of periodontal therapy.

Overall, in the present study clinical parameters (CALmax per 
tooth and PDmax per tooth) and the radiographic parameter (mean 
RBL per tooth) reflecting the severity of periodontal destruction were 
significantly positively associated both with the presence and grade 
of tooth mobility. These findings can be interpreted by the fact that 
increased periodontal destruction is equivalent to reduced root surface 
area with connective tissue attachment, therefore resulting in increased 
tooth mobility [17]. As anticipated, based on the same reasoning, the 
radiographic periodontal parameter (mean RBS per tooth) reflecting 
the amount of the remaining supporting periodontal tissues, in 
contrast, was significantly negatively associated with both the presence 
and grade of tooth mobility. Based on these findings, the significance 
of tooth mobility measurement in clinical practice is that it serves as a 
valuable clinical indicator of the status of the supporting periodontal 
tissues [2,17].

Similar findings have been previously reported in the literature. 
Self-reported presence of tooth mobility (as a dichotomous variable) 
was highly significantly associated with the presence of periodontitis 

and therefore could serve as a predictor of the presence of periodontitis 
with high specificity and low sensitivity [32-34]. The grade of tooth 
mobility was positively associated with the severity of chronic 
periodontitis [35]. Teeth with mobility exhibited significantly higher 
CAL and PD values and lower radiographic alveolar bone support, 
compared with teeth without mobility [19,20]. In a previous cross-
sectional study [19] conducted prior to periodontal therapy, the 
degree of mobility of maxillary anterior teeth (as measured by using 
Mühlemann’s periodontometer) [36] was primarily correlated with 
CAL and, to a lower degree, with radiographic alveolar bone support. 
In another cross-sectional study [22], the degree of tooth mobility 
substantially correlated with the amount of radiographic alveolar bone 
loss and CAL. Similarly, the degree of tooth mobility was primarily 
correlated with radiographic alveolar bone loss and, less strongly, with 
PD [21]. A cross-sectional study [37] of elderly patients (mean age 69.3 
years; age range 65 to 75 years) revealed that the grade of tooth mobility 
was statistically significantly positively correlated with radiographic 
alveolar bone loss. In a retrospective study [38,38], the presence of 
initial (i.e. prior to the initiation of active periodontal therapy) tooth 
mobility, as a dichotomous variable, was significantly associated with 
baseline PD.

In the present study, smokers (consumers of ≥10 cigarettes / day) 
exhibited a significantly higher tooth mobility grade than non-smokers 
(<10 cigarettes / day). To date, systematic or comprehensive reviews 
have provided sufficient evidence demonstrating that smoking is 
associated with the prevalence and severity of periodontal diseases, is 
a risk factor for the initiation and progression of periodontal diseases 
[40] and a prognostic / predictive factor for disease progression [41], 
and finally is associated with a less favourable response to periodontal 
therapy [39,42]. Furthermore, the potential biological mechanisms 
accounting for these effects of smoking have been extensively reviewed 
[39,43]. Smokers presented statistically significantly higher tooth 
mobility grade than non-smokers or never-smokers [22,44-46], which 
could be attributed to the fact that smokers present a higher severity of 
periodontal disease (e.g. in terms of CAL and PD) [44-46], than non-
smokers or never-smokers [39,44-46]. After adjustment for both age 
and calculus, cigarette smokers (but not pipe / cigar smokers) exhibited 
lower tooth mobility scores than non-smokers [47]. A case-control 
study [48] demonstrated a tendency for a slightly higher percentage 
of mobile teeth per patient in smokers, compared with either former 
smokers or non-smokers; however, this tendency did not reach 
statistical significance.

In the present study, single-rooted teeth and teeth exhibiting 
periapical radiolucency with dimensions ≥1 mm × 1 mm presented 
a statistically significantly higher grade of tooth mobility, compared 
with multi-rooted teeth and teeth without periapical radiolucency, 

Mobility groups Clinical parameters Radiographic parameters
CALmax

Mean (mm)
PDmax

Mean (mm)
RBL

Mean (mm)
RBS

Mean (mm)
Mobile teeth (N=456) 7.05 6.18 6.01 8.45
Non-mobile teeth (N=227) 6.52 5.68 4.86 9.81
p value for Wilcoxon-Mann-Whitney test *** ** *** ***
Seven (0, +, I, I+, II, II+, III) or four (0, I, II, III) mobility grade groups
p value for Kruskal-Wallis test *** *** *** ***

Abbreviations: CALmax: Maximum clinical attachment loss per tooth; PDmax: Maximum probing pocket depth per tooth; RBL: Mean (based on mesial and distal measurements) linear 
radiographic bone loss per tooth; RBS: Mean (based on mesial and distal measurements) linear radiographic bone support per tooth; SD: Standard deviation
**Statistically significant difference (p<0.01)
***Statistically significant difference (p<0.001)

Table 4. Statistical comparison of mean clinical and radiographic parameters among various mobility groups
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respectively. An older study [4] reported that the incisors present the 
highest mobility measurements, whereas the molars exhibit the lowest 
mobility measurements. The statistically significantly lower mobility 
in multi-rooted teeth may be explained primarily by the lower root 
surface area with connective tissue attachment [17] and the presence of 
more than one root per se.

In the present study, patient age, clinical indices (FMPS, GI-S and 
FMBS) reflecting the level of control of dental plaque and gingival / 
periodontal inflammation, respectively, and the type of radiographic 
alveolar bone loss (horizontal or angular) were not statistically 
significantly associated with both the presence and grade of tooth 
mobility.

An older study [4] reported that children presented higher tooth 
mobility values in comparison with adults, but the present study 
included only adults and therefore these findings cannot be compared. 
A previous cross-sectional study [49] in a Kenyan population showed 
no clear association between the proportion of mobile teeth and age. 
As reviewed in detail in the literature [40], a bulk of cross-sectional 
studies revealed a significant association between age and the 
prevalence, severity and extent of periodontitis, as well as the resultant 
tooth mobility and/or tooth loss. For example, age was statistically 
significantly positively associated with tooth mobility grade [44,50]. 
However, cross-sectional studies are able to reveal a statistical relation, 
but are not sufficient to prove a cause-and-effect relation (i.e. the 
presence of a causal factor) [51,52]. Reviews [40,41] have included 
longitudinal studies, reporting conflicting findings for the effect of 
ageing on the progression of periodontitis (significant positive effect 
or no effect).

The relation between age and the prevalence, severity and extent 
of periodontitis could probably be the result of the accumulation of 
periodontal destruction over the course of time, rather than the effect of 
the increasing age per se [40,41]. In line with this concept, a systematic 
review [53] concluded that age should not be regarded as a risk factor 
for the survival of tooth-supported fixed prosthetic restorations. Despite 
the fact that the increasing age appears to be neither an aetiological 
factor [52], nor a risk factor [51,52,54] for periodontitis, the ratio of the 
amount of periodontal destruction/age seems to be a valid predictor of 
future progression of periodontitis [40,41]. This suggests that between 
two patients with the same level of attachment loss, the younger 
individual could be regarded as being more susceptible to periodontitis 
and presenting a higher risk for future disease progression, compared 
with the older subject [39,40,41].

In the present study, gender was not significantly associated with 
the grade of tooth mobility but was significantly related to the presence 
of tooth mobility, since females exhibited tooth mobility slightly more 
often than males; however, it should be pointed out that the latter 
difference marginally reached statistical significance. Higher tooth 
mobility values in females than in males was previously reported [4]. In 
contrast, no statistically significant difference in tooth mobility grade 
between males and females was demonstrated [22,44], even though 
statistically significantly higher CAL and PD were present in males 
than in females [44]. Males were reported to present a higher severity 
of periodontal disease, in terms of CAL and PD, probably due to a lower 
level of oral hygiene measures [49,50]. Overall, it appears that more 
research is required for the complete clarification of the role of gender 
as a risk factor for periodontal diseases.

With respect to the association of the degree of tooth mobility with 
clinical indices reflecting the level of oral hygiene and/or the severity 

of gingival / periodontal inflammation, previous studies [19,21,22] 
revealed no significant correlation, regardless of the fact that the level 
of oral hygiene is associated with the prevalence and the severity of 
periodontitis, as well as future disease progression during maintenance 
[40,44] and also irrespective of the finding that the presence of a 
bleeding on probing score >25% in a given individual was associated 
with a higher risk for the progression of periodontitis [55]. In line with 
these findings, older studies reported physiological tooth mobility 
scores in gingivitis patients [56,57].

In the present study, both the presence and grade of tooth mobility 
were not significantly associated with the type of radiographic alveolar 
bone loss (horizontal or angular). While this issue seems not to be 
essentially documented in the literature, few studies have examined 
the relation of this parameter to future progression of periodontitis. 
A retrospective study [58] revealed that the presence of angular 
radiographic alveolar bone loss at baseline was not associated with 
future progression of periodontitis (additional loss of supporting 
alveolar bone) during a 5 to 16-year maintenance period, but another 
retrospective study [59] concluded that in patients not subjected to 
systematic periodontal therapy, angular osseous defects appear to be 
indicators for progressing periodontitis (further alveolar bone loss) 
over a 10-year maintenance period. Therefore, it is clear that more 
studies are required on the role/effect of the type of radiographic bone 
loss.

Certain limitations exist in the present study. By definition, a cross-
sectional study examines the relationship between diseases (or other 
health-related characteristics) and other variables of interest, as they 
exist in a defined population at a particular time-point [60], but not 
over the course of time. Therefore, as already mentioned, this design by 
its nature can provide valuable information on statistical associations 
and thus indicate the presence of a potential/putative risk factor/risk 
indicator [51,52], but is not sufficient to document cause-and-effect 
relations and consequently the presence of an aetiological /causal factor 
[52] primarily because it cannot establish that the exposure to the 
suspected aetiological factor preceded the onset of the effect [51,52]. For 
example, tooth mobility could be the effect, but also the cause of CAL 
or radiographic alveolar bone loss. For the same reason, cross-sectional 
data by their nature are not appropriate to provide evidence for the 
presence of a prognostic factor / disease predictor [52] and therefore 
do not allow the prediction of future tooth mobility. In contrast, a 
longitudinal design, which accumulates information over the course 
of time, is essential to demonstrate the presence of an aetiological 
factor, a risk factor or a prognostic factor [51,52,54] for tooth mobility. 
Longitudinal studies are also appropriate to examine whether tooth 
mobility itself could be an aetiological factor, or a prognostic factor for 
future periodontal status/conditions and progression of periodontal 
disease at individual sites in chronic periodontitis patients, both 
untreated and following periodontal therapy. It has been emphasized 
in the literature that the relation between tooth mobility and prognosis 
nowadays still remains unclear [61].

In the present study, the grade of tooth mobility was determined 
by the method of moving each tooth between the handles of two 
metallic dental instruments, which is clearly more subjective than 
standardized methods, such as the use of a measuring electronic device 
[21], particularly in cases when subtle differences of half a grade (0.5 
mm) need to be distinguished. In order to overcome this limitation, 
all measurements of tooth mobility grade were performed three 
times for each tooth by the same examiner. Another methodological 
limitation is that conventional radiographic methods provide solely 
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two-dimensional information and, furthermore, image relatively 
accurately only the proximal alveolar bone loss or support [26]. Ideally, 
information on the amount of missing or existing alveolar bone should 
be three-dimensional, in order to accurately correlate with the grade 
of tooth mobility. On the other hand, the clinical and radiographic 
methods used in the present study have prevailed in everyday 
clinical practice and therefore have the advantage of reproducing and 
corresponding to the conditions usually met clinically. Primarily for 
this reason, conventional methods of tooth mobility assessment are still 
used in the literature in a plethora of studies [35,37,38,44-46]. 

Finally, an interesting observation is that more than 80% of teeth 
in the patient population examined in this study exhibited mobility 
grade 0 to I, whereas less than 20% presented mobility grade II to III 
(Table 2). Therefore, despite the fact that the majority of participants in 
this study exhibited severe, rather than mild or moderate periodontitis, 
study findings concern a tooth population essentially with zero-to-low 
average tooth mobility and should not be extrapolated to other tooth 
populations, that present moderate or high tooth mobility grade.

Conclusions
Within the limitations of the present study, the following 

conclusions may be drawn with respect to the association of various 
parameters with the presence or grade of mobility of periodontally 
involved teeth in chronic periodontitis patients prior to the initiation 
of periodontal therapy:

Maximum clinical attachment loss, maximum probing pocket 
depth and mean linear radiographic alveolar bone loss per tooth were 
significantly positively associated both with the presence and grade of 
tooth mobility.

The presence of smoking ≥10 cigarettes/day and periapical 
radiolucency with dimensions ≥1 mm × 1 mm were significantly 
positively associated with the grade of tooth mobility, while single-
rooted teeth exhibit significantly higher tooth mobility grade, compared 
with multi-rooted teeth.

Mean linear radiographic alveolar bone support per tooth was 
significantly negatively associated with both the presence and grade of 
tooth mobility.

In contrast, patient age, type of radiographic alveolar bone loss 
(horizontal or angular) and clinical indices reflecting the level of 
oral hygiene and the severity of gingival/periodontal inflammation 
(full-mouth plaque or bleeding on probing score and gingival index 
simplified) are not significantly associated with both the presence and 
grade of tooth mobility.

The association of patient gender with the presence or grade of 
tooth mobility was not very clear and requires further investigation in 
the future.
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