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Abstract 

Purpose This retrospective study aims to evaluate the mandibular flexure on a long-span rigid fixed prosthesis sup-
ported by natural teeth.

Materials and methods Nine patients (five males and four females) were included in this study who had long-span 
rigid mandibular fixed prostheses for long-term (10–15 years) that have led to radiographic changes around the sup-
porting teeth. The mandibular flexure was measured digitally after adhering reference markers to the prostheses. 
Intraoral scans were obtained at the minimum and maximum mouth openings before and after splitting the preexist-
ing prostheses. The distances between the markers were measured, and mandibular flexure was calculated.

Results This study showed a significant deviation (narrowing) of the mandible before and after splitting the rigid 
fixed prostheses (P value < 0.05).

Conclusion Digital analysis of the data collected from the patients in this retrospective study indicated that devia-
tions occur during mandibular flexure.

Clinical relevance Splitting the full arch prosthesis could prevent the negative consequences of mandibular flexure 
on restorations.

Trial registration The study was registered on clinicaltrials.gov with registration number NCT05617274 (15/11/2022)

Keywords Long-span fixed prosthesis, Mandibular flexure, Digital analysis

Introduction
Medial mandibular flexure is a deformation of the man-
dible, characterized by a decrease in the width of the 
arch during maximum jaw opening, due to the functional 
contraction of the lateral pterygoid muscle. During these 
movements, the muscle activity makes both mandibular 

rami approach, leading to a reduction in the intercon-
dylar distance and causing high strain in the symphysial 
region [1]. Medial mandibular flexure is considered a 
complex and multifactorial deformation of the mandible, 
that causes significant changes in the shape of the man-
dible [2].

The lateral pterygoid muscles on both sides and the 
muscles of the floor of the mouth exert a force on the 
mandible. Mandibular flexion was also observed during 
clenching, occlusion, or biting in the mandible [3–6]. 
Metal and zirconia fixed prostheses have low elasticity, 
which greatly limits mandibular flexure, especially when 
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the entire natural dentition is splinted with one unit of a 
metal-ceramic or zirconia prosthesis [7].

Accordingly, in need of long-span mandibular fixed 
restorations, segmented bridges are the more predictable 
practice to counteract the mandibular deformation 
during wide mouth opening and its potential negative 
consequences [8, 9]. These consequences ranged from 
pain at certain sites like the corner of the mouth, severe 
bone resorption, cystic formation, tooth mobility, 
porcelain chipping, and sometimes breakage of the 
prosthesis [7, 10–12]. These negative consequences of 
bone resorption require the application of bone grafts 
and pericardium membranes [13, 14].

This study aimed to evaluate the effect of long-
span fixed prostheses on mandibular flexure. The null 
hypothesis tested in this retrospective study was that 
there will be no significant difference in mandibular 
flexure before and after splitting the long-span teeth-
supported fixed restorations.

Materials and methods
The patients included in this study were referred for 
prosthetic consultations over the past 2 years (from June 
2020 to August 2022). All had the entire mandibular 
natural dentition (6–8 abutments) splinted with a single-
unit metal-ceramic (long-span fixed prosthesis). All of 
them suffered from different negative consequences 
around the natural teeth supporting the prosthesis. 
The retrospective collection of the patient’s data was 
tabulated and analyzed. Nine patients were included in 
this study. Five males and four females with an age range 
of 50–76  years were enrolled in this study. The sample 
size was calculated according to an expert opinion due to 
the limited number of patients that have long span fixed 
mandibular prosthesis that requires removal also, there 
was no previous study that measured mandibular flexure 
in this group of patients. The inclusion criteria were fixed 
full-arch mandibular single prostheses that have been 
serviced intraorally for many years (average 10–15 years) 
and are opposed by natural dentition. All patients were 
free from any systemic diseases such as bone diseases, 
diabetes mellitus, or blood dyscrasias. Patients with 
temporomandibular joint dysfunction, maxillofacial 
surgeries, or mandibular trauma were excluded from the 
study.

The patient’s approval to be enrolled in this study and 
be recalled for follow-up appointments was documented 
in written and signed consent forms.  The investigation 
was conducted in full accordance with the applicable 
ethical principles, including those of the World Medical 
Association and the Declaration of Helsinki. The 
present study was approved by the Ethics Committee 

of the Future University in Egypt with reference 
number (FUE.REC (26)/10-2022). The study was 
registered on clinicaltrials.gov with registration number 
NCT05617274. (15/11/2022).

A panoramic radiograph and Cone Beam Computed 
Tomography (CBCT) of the mandible were carried out 
for all patients. The radiographic examination revealed 
severe bone resorption at premolar-molar sites in all 
patients, associated with small and medium-sized odon-
togenic mandibular cysts in most of them, as detected by 
pathological examination (Figs. 1, 2). The treatment plans 
were set after a complete analysis of the clinical and radi-
ographic data collected. The treatment plans included: 
(1) sectioning and removal of the existing prostheses; 
(2) extraction of the non-restorable supporting teeth; 
(3) management of the cystic lesions by enucleation and 
bone augmentation in patients with cystic formation; and 
(4) restoring the mandible with non-splinted (segmented) 
implant-supported prostheses (from 6 to 8 implants dis-
tributed over the entire residual ridge) [15].

To measure mandibular flexure values, reference aids 
made of four black endodontic rubber stoppers that were 
adhered to the surface of the prosthesis at the canine 
(anterior reference points) and the first molar or second 
premolar (posterior reference points) on each side of the 
prosthesis.

Three intraoral scans using (MEDIT i500; MEDIT 
Corp) of the prostheses were obtained. The first and sec-
ond scans were made before sectioning the prosthesis at 
the maximal mouth opening and the minimum mouth 
opening sufficient for the scanner tip (18  mm), respec-
tively [16]. The third scan was made after sectioning the 
prosthesis at the midline at the maximal mouth opening 
(Figs. 3, 4). The scan data were exported in the form of a 
standard tessellation language file (STL).

The resultant scan files were imported into 3D metrol-
ogy and inspection software (Geomagic Control X; 
3D Systems) [17, 18], and the distance was measured 
between the reference points extending from the left to 
the right sides of the prosthesis (from the center of the 
rubber stopper) (Fig.  5). To ensure comparable test-
ing conditions, a single investigator (HIN) experienced 
in digital techniques performed all scans, and another 
investigator (MSA) conducted all the calculations to 
ensure inter-operator reproducibility.

The median mandibular flexure value was calculated 
by subtracting the measured distance between reference 
points at the maximum mouth opening from that of 
the distance between reference points at the minimum 
mouth opening before and after splitting of the full arch 
prosthesis at the midline.
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Fig. 1 Panoramic X-ray showing bone loss around the natural teeth for a patient having long-span fixed prosthesis

Fig. 2 Panoramic X-ray showing bone loss around the posterior teeth for a patient having long-span fixed prosthesis
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Fig. 3 Intra-oral scanning of long-span fixed prosthesis with reference markers bonded to the prosthesis

Fig. 4 Intra-oral scanning after splitting of the wide span fixed prosthesis with reference markers bonded to the prosthesis
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Statistical methodology
Data were collected and computed using the Statisti-
cal Package for Social Science (SPSS) statistical analysis 
programme (ver. 25). Kolmogorov–Smirnov test and the 
Shapiro–Wilk test of normality revealed no significance 
in the distribution of the variables, so the parametric sta-
tistics were adopted. The mean and standard deviation 
were used to describe the data. Comparisons were car-
ried out between the two independent, normally distrib-
uted groups using an independent sample T-test.

Results
The results of this retrospective study showed that there 
was a statistically significant difference (narrowing) of 
the mandible (P value = 0.000) with a long-span fixed 
prosthesis before (0.158 ± 0.027  mm) and after section-
ing (1.643 ± 0.363  mm) of the prosthesis at the midline 
(Table  1) (Fig.  6). It also showed less deviation in the 
anterior (0.992 ± 0.207 mm) than the posterior reference 
aids after splitting of the prosthesis.

Fig. 5 Distance measurement in mm between the reference markers in long- span fixed prosthesis

Table 1 Independent sample T-test comparing difference between maximum and minimum mandibular opening with long span 
fixed prosthesis before and after splitting of the prosthesis

Bold values indicate the number of patients

*Statistically significant (p < 0.05)

N number of patients

Groups N Difference between maximum and minimum 
mandibular opening with long-span fixed 
prosthesis

Difference between maximum and minimum 
mandibular opening after midline splitting of the 
long-span fixed prosthesis

P. value

All measures in mm

Mean ± standard 
deviation of differences 
between posterior 
measurement points

9 0.158 ± 0.027 1.643 ± 0.363 0.000 *

Mean ± standard 
deviation of differences 
between anterior 
measurement points

9 0.62 ± 0.139 0.992 ± 0.207 0.000 *
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The results showed that there was no statistical dif-
ference between males and females in this study (males 
1.79 ± 0.371 mm and females 1.46 ± 0.294 mm) (Table 2).

Discussion
This retrospective cohort study allowed analysis of the 
mandibular flexure that has already occurred over a very 
long period of time (10–15  years) of long-span fixed 
prosthesis usage. A strength of the retrospective study is 
that it can accumulate data for a group of patients over 

longer study periods. It is also, a strength that patients 
are unselected and come from the real world.

A retrospective cohort study allows the investigator to 
describe what happens in a population of patients over 
time or obtain basic measures of association and corre-
lation that will help clinicians and researchers develop 
future studies and interventions. The exposure and out-
come information in a cohort study is collected retro-
spectively by using administrative datasets, reviewing 
patient charts, conducting history interviews, obtaining 

Fig. 6 Bar chart of mean mandibular flexure before and after splitting of long-span fixed prosthesis

Table 2 Independent sample T-test comparing the amount of mandibular flexure between male and female patients having long 
span fixed prosthesis

NS statistically not significant (p ≥ 0.05)

Groups Difference between maximum and minimum 
mandibular opening with long-span fixed prosthesis

Difference between maximum and minimum 
mandibular opening after midline splitting of 
the long-span fixed prosthesis

Male Female P. value Male Female P. value

N 5 4 5 4

Mean ± standard deviation 
of differences between posterior 
measurement points

0.155 ± 0.025 0.16 ± 0.034 0.809 NS 1.79 ± 0.371 1.46 ± 0.294 0.139
NS

Mean ± standard deviation 
of differences between anterior 
measurement points

0.66 ± 0.173 0.57 ± 0.076 0.373 NS 0.958 ± 0.234 1.036 ± 0.193 0.607
NS
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radiographs, etc. One of the weaknesses of retrospective 
studies is that they consider data that was common in 
areas the authors believed were important [19].

There are controversial debates about the flexure of 
the mandible during the wide opening of the mouth. 
This discussion was evoked for decades. Moreover, this 
discussion continues to guide dental education and 
the daily practice of dentists and dental technicians 
in laboratories, especially when it comes to long-span 
restorations.

While some authors reported such a significant 
difference in the width of the mandible between 
maximum opening and limited mouth opening, others 
indicated that the differences were insignificant clinically 
due to the effect of the periodontal ligament, which is 
considered the main factor involved in preventing an 
increase of stress/strain and bone loss around teeth due 
to mandibular flexure during functional movements or 
other types of movements of the mandible. However, 
some of the conclusions drawn in both groups were 
the result of the methods used to determine these 
deformations, with all their inherent limitations at the 
time [20–22].

However, most of the available data relies on studies 
that were conducted long ago [3, 10, 23, 24], which 
showed an extremely high variation in the magnitude of 
the deformation observed. Goodkind and Herinlake [6] 
indicated deviations ranging from 32 to 77 μm, whereas 
McDowell and Regli [23] reported deviations up to 
1400 μm. It should be noted that, in many cases, the data 
obtained was collected using simple measuring devices 
and techniques available at that time.

Most publications compare the models made from 
conventional impressions that were made at minimum 
and maximum mouth opening [3, 5, 25–27]. These 
conventional methods are not accurate as digital 
techniques [26]. Because impression-making and model 
fabrication could have possible errors, also it is difficult to 
control the degree of mouth opening during conventional 
impression procedure. Nowadays. The digital techniques 
has been proved to be a precise and reliable method 
for measurement of accuracy [27]. In this study, a 
modification of the technique developed by Shmidt 
et al. [10] to measure mandibular flexure was adopted by 
using a black endodontic rubber stopper as a reference 
aid, to be clearly readable by the intraoral acquisition 
system. The results of this study indicated that there 
was a significant difference (narrowing) between the 
reference aid distances that were placed on the posterior 
region before and after splitting the wide-span rigid 
fixed prosthesis. The splitting of the rigid prosthesis at 
the midline allowed the influence of mandibular flexure 
stresses to be evident in the form of these deviations and 

the narrowing of the width of the mandible. The degree of 
deviation reported in this study (1.643 ± 0.363  mm) was 
within ranges reported in previous studies (from a few 
micrometers to around 1 mm). In addition, the deviation 
values in the anterior measuring reference aid (canines) 
were less than those recorded in the posterior reference 
aids (molars). The results of this study showed no 
statistical difference in mandibular deviations between 
males and females, despite those other reports indicating 
more flexure in females [28–30].

Mandibular flexure has been reported to induce 
negative effects in natural teeth and implant abutments 
after using rigid and long-span fixed prostheses [3, 25–
27, 31]. In this study, the severe bone resorption around 
the abutment supporting the long-span fixed prosthesis 
was evident in all patients. This may be because this 
prosthesis served for a very long time, which allowed 
these problems to accumulate and become accentuated 
[16]. In this study, all patients showed severe bone 
resorption around the canine and premolar at the 
corner of the mouth, where the flexure stresses of the 
rigid connection of the fixed prosthesis may be most 
manifested [7].

The direct intraoral scanning used in this study 
eliminated errors that may result from distortion of 
the impression material and investment materials 
with their inherent dimensional changes [32]. The 
dimensional accuracy of digital models obtained by 
intraoral scanning was found to be higher compared to 
models obtained by scanning conventional impressions. 
[33, 34] The intraoral scanner used in this study (Medit 
i500) has high resolution and vivid color, which allowed 
the investigators to locate reference aids as well as the 
distinction between tooth structure and soft tissue.

The treatment plan formulated in this study included 
the removal of the long-span fixed prosthesis and the 
involved teeth and managing the cystic lesions and severe 
bone resorption observed around these teeth. Finally, the 
patients were restored with non-splinted (segmented) 
implant-supported prostheses.

Mandibular flexure is a multifactorial phenomenon 
that incorporates many variables; therefore, this study 
had some limitations, such as a small sample size and a 
short follow-up time. Another limitation of the study is 
that possible deformations of the mandible during mouth 
opening, but not during forwarding movements of the 
mandible, were recorded. Also, variations in periodontal 
ligament thickness in different patients may affect the 
outcome of this prosthesis. In addition, in this study, 
the measurement of mandibular flexure was carried out 
horizontally in two directions (buccal and lingual) only, 
whereas it naturally occurs in three directions [16]. Also, 
the difference in muscle strength and activity between 
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the participants is very difficult to evaluate. Another 
limitation is that this study can only be conducted 
on dentate patients, but it is difficult to conduct it on 
partially or completely edentulous patients.

The sample size was nine patients because, in a retro-
spective study, only patients who suffered from the con-
sequences of a long-span prosthesis supported by natural 
teeth were allocated for treatment in the past 2  years. 
Further longitudinal studies that evaluate all the factors 
influencing the mandibular flexure phenomenon are 
recommended.

This study recommends that the design of a long-span 
fixed prosthesis should be segmented, if possible, to 
allow mandibular flexure, as indicated by many previous 
studies [35, 36].

Conclusion
Digital analysis of the data collected from the patients in 
this retrospective study indicated that deviations occur 
during mandibular flexure that could affect the long-term 
success of a single full-arch mandibular fixed prosthesis.
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