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ABSTRACT

Aim Residual ridges change in shape and reduce in size due to 

alveolar bone resorption. Therefore, the purpose was to investiga-

te changes in denture base thickness (DBT) and interocclusal rest 
space (IRS) with regard to the denture relining procedure. 

Methods The IRS and DBT were measured (before and after den-

ture relining) in the case of 74 patients and their removable dental 

prostheses by using a precise sliding gauge. The DBT measuring 
was performed in 6 points for maxillary and in 3 points for mandi-
bular removable dental prosthesis. The IRS values were measured 
as the distance (in mm) between the incisal edges of the maxillary 
and mandibular central incisors with patient’s mandible in a physi-

ological “rest position” with head and neck in the upright posture. 

Results In a group of patients wearing maxillary and mandibular 
removable dental prosthesis mean values of DBT after denture re-

lining were statistically signiicantly higher (p<0.05) in almost all 
measuring points. The IRS mean values after relining were stati-
stically signiicantly lower (p<0.05). Statistically signiicant dif-
ferences (p<0.05) of DBT were also observed in groups of “day-
night time” and “day time” denture wearers, and in a group of 
patients for whom a period shorter than one year had passed since 

the last tooth extraction and the time when a functional impression 
for removable dental prostheses was taken. 

Conclusion The DBT and IRS values change after the denture re-

lining procedure due to the alveolar bone resorption. Therefore, 
these measures could be used as resorption indicators in dental 

practice.

Key words: alveolar bone loss, dentures, denture bases, denture 

rebasing
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INTRODUCTION

Tooth loss is a signiicant problem in the elderly 
population, and in individuals compromised by 

certain medical conditions (1). Despite impro-

vements in oral health with a tendency to retain 

more teeth in elderly peoples’ mouths, the usage 

of removable dental prostheses, partial as well as 

complete, will be still a necessity for many peo-

ple (2). Multiple tooth loss gives rise to problems 
that involve agonistic and antagonistic teeth, re-

sidual ridge, occlusion and articulation, esthetics, 

physiognomy of the face, temporomandibular 

joints, speech, masticatory function, and sociali-

zation of toothless individuals (3,4).
Residual ridges, to which removable dental pro-

stheses should be meticulously itted after pro-

duction, change in shape due to alveolar bone 

resorption. Therefore, they are reduced in size at 
varying rates in different individuals, and in the 

same individual at different life periods (5). Resi-
dual ridge resorption as a chronic, progressive, and 

irreversible process is greater during the irst few 
months after tooth extraction (6). Later, it slows 
down, correlating with the time elapsed after tooth 

extraction (7). In a study conducted by Tallgren 
et al., residual ridge resorption was the highest in 
the irst three months, especially in the irst three 
weeks, after tooth extraction (8). A variety of local 
and systemic factors (about 60 different factors) 

are involved in residual ridge resorption (7,9,10), 
thus forming a combination of anatomic, metabo-

lic, psychosocial, and mechanical factors that are 

of great importance for residual ridge resorption. 
It is still unknown as to which factors are the most 
important, and high individual variation usually 

cannot be fully explained (11). However, it is cer-
tain that initiation of the bone resorption is always 

preceded by loss of teeth and joined periodontal 

membrane, which has the ability to form bone. 
Thus, a correlation between alveolar atrophy and 
osteoporosis is often suggested. However, not all 
residual ridge resorptions can be explained by the 
presence of generalized bone demineralization, es-

pecially because severe residual ridge resorption 

may also occur in individuals with good mineral 

status in the skeleton (12).
Residual ridge resorption (bone and soft tissue 

shrinkage) leads to the insuficient support for re-

movable dental prostheses, especially complete 

ones, thus affecting their function, retention, and 

stability (7). Such poor itting dentures require re-

lining with a new resin layer on the denture base 

in order to improve the itting of the dentures to 
the alveolar ridges and soft tissues as well as to 

enhance the occlusion, retention, and stabilizati-

on (13-15). The aim of this study was to investi-
gate the changes in denture base thickness (DBT) 
with regard to the denture relining procedure, and 

the effect of denture relining on the interocclusal 

rest space (IRS) due to the assumption that both 
DBT and IRS can indicate the amount of residual 
alveolar bone resorption.

PATIENTS AND METHODS 

The study – clinical trial was approved by the 
Institutional Review Board and Ethics Commi-
ttee of School of Dental Medicine, University of 
Zagreb, and included 74 patients (with the un-

derstanding and written consent of each patient), 

from 35 to 82 years of age who wore maxillary 
and/or mandibular, partial or complete, remo-

vable dental prosthesis (prostheses), and which 

required maintenance and/or repair of their old, 
poor itting removable dental prostheses. All the 
patients were clinically examined and were can-

didates for denture relining diagnosed by a speci-

alist of prosthetic dentistry.  
Data about age, last tooth extraction, date when 
functional impression was taken, type of remova-

ble dental prosthesis produced, and dental status 

in the antagonistic jaw were obtained from the 

patients’ medical records. The collected data were 
noted in the appropriate form developed for the 

purpose of this study. Measuring of IRS and DBT 
was performed twice. The irst time, it was done 
before the denture relining, and the second time, it 

was performed after the denture relining by using 

a precise sliding gauge (Mitutoyo, Kawasaki-Shi, 
Japan) with an accuracy of + 0.01 mm, and modi-
ied for the purpose of this study. (Fig.1)
The IRS was determined and measured as the dis-
tance (in millimeters) between the incisal edges of 

the maxillary and mandibular central incisors. while 
the patient’s mandible was in a physiological “rest 
position” with head and neck in the upright posture 
(16). The DBT was measured on the following six 
points for the maxillary removable dental prosthe-

ses: UP1 (foramen incisivum), UP2 (intersection of 
the second rugae palati), UP3 (center of the remova-

ble denture base-intersection of the middle line and 
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line that connect the left side and right side contact 

point between the second premolar and irst molar), 
UP4 (middle of the “A” line), UP5 (contact point 
between the right second premolar and irst molar), 
and UP6 (contact point between the left second pre-

molar and irst molar). The following three points 

for the mandibular removable dental prostheses 

were measured: LP1 (contact point between cen-

tral incisors), LP2 (contact point between the right 
second premolar and irst molar), and LP3 (contact 
point between the left second premolar and irst 
molar). In complete removable dental prostheses, 
DBT was measured in all points, whereas in partial 
removable dental prostheses, DBT was measured 
in the available (existing) points.
After the irst IRS and DBT measuring, the remo-

vable dental prostheses were relined by the indirect 

method (hard reline). The functional impression 
was taken with low-viscosity condensation silico-

ne Xantopren L blue (Heraeus Kulzer, Hanau, Ger-
many) while the denture(s) teeth were in occlusion 

with the antagonistic teeth (artiicial or natural). In 
the dental laboratory relining procedure, Probase 

hot (Ivoclar Vivadent, Schaan, Liechtenstein) ma-

terial was used and polymerized according to the 

instructions of the manufacturer. After relining, the 
measuring procedures were repeated and noted.
The results obtained were statistically analyzed 
by the method of descriptive statistics, and the di-

fferences in arithmetic means were tested for si-

gniicance by the paired-sample Student’s t-test.

RESULTS

In this study 74 patients participated, 26 men 

(35.1%) and 48 women (64.9%) with an average 
age of 60.76 years. Among them, 24 patients had 
only maxillary partial/complete removable den-

tal prosthesis (32.4%), 20 patients had only man-

dibular partial/complete removable dental pro-

sthesis (27%), and 30 patients had maxillary and 
mandibular partial/complete removable dental 

prosthesis (40.6%). A total number of 54 maxi-

Figure 1. Measuring of the denture base thickness using a 
precise sliding gauge on certain points for maxillary and for 
mandibular removable dental prosthesis. Maxillary denture’s 
points: UP1 - foramen incisivum (A), UP2 - intersection of the 
second rugae palati (B), UP3 - center of the removable denture 
base - intersection of the middle line and line that connect the left 
side and right side contact point between the second premolar 
and first molar (C), UP4 - middle of the “A” line (D), UP5 - con-
tact point between the right second premolar and first molar (E); 
mandibular denture’s points: LP1 - contact point between central 
incisors (F), LP2 - contact point between the right second pre-
molar and first molar (G).

Measuring 

points

Denture wearers

Only one denture (maxillary or mandibular) Both dentures (maxillary and mandibular)

N X2-X1 SD (X2-X1) t p N X2-X1 SD (X2-X1) t p

UP1 24 0.367 1.840 0.976 0.339 24 0.425 0.443 4.696 0.000
UP2 24 0.242 0.403 2.935 0.007 24 0.215 0.305 3.457 0.002
UP3 22 0.005 0.186 1.371 0.184 26 0.154 0.222 3.532 0.001
UP4 18 0.744 2.233 1.414 0.175 16 0.000 0.441 0.000 1.000
UP5 20 0.980 1.797 2.438 0.024 26 0.715 0.725 5.027 0.000
UP6 22 0.509 0.464 5.150 0.000 28 0.536 0.863 3.286 0.002
IRS 24 -0.562 0.413 -6.654 0.000
LP1 20 0.890 0.758 5.252 0.000 18 1.211 0.722 7.118 0.000
LP2 20 0.690 1.333 2.315 0.031 28 0.879 0.966 4.814 0.000
LP3 20 0.220 0.322 3.051 0.006 26 0.785 0.918 4.357 0.000
IRS 20 -0.530 0.271 -8.746 0.000 30 0.729 0.504 -7.909 0.000

Table 1. Statistical parameters for denture base thickness and interocclusal rest space for only maxillary, only mandibular, and 
for both maxillary and mandibular denture wearers

N, number of removable dental prostheses; X2-X1, difference between DBT or IRS mean values after and before relining (in mm); SD, standard 
deviation, t-t, value of Student’s test;  p, level of statistical signiicance; UP1-UP6, measuring points on maxillary removable dental prosthesis; 
LP1-LP3, measuring points on mandibular removable dental prosthesis; IRS, interocclusal rest space; blank row, no data obtained;
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llary removable dental prostheses (52%) and 50 
mandibular removable dental prostheses (48%) 
were relined in this study.
The period during which some or all teeth were 
missing in the maxilla was from 1 to 52 years with 
the average duration of 18.48 years. The maxillary 
removable dental prostheses included in this study 

were between 1 and 15 years old with the average 

of 5.52 years. The period during which some or all 
teeth were missing in the mandible was from 1 to 

35 years with the average duration of 13.6 years. 
The mandibular removable dental prostheses in-

cluded in this study were between 1 and 15 years 

old with the average of 4.86 years.
In the group of patients who wore only maxillary re-

movable dental prostheses, the measured DBT was 
thicker after the denture relining in all measuring 

points, but it was statistically signiicant (p<0.05) 
in only UP2, UP5, and UP6 measuring points. 
The IRS mean value was statistically signiicantly 
(p<0.05) lower after denture relining (Table 1).
In the group of patients who wore only mandi-
bular removable dental prostheses, the measured 

DBT mean values were statistically signiicantly 
(p<0.05) higher in all measuring points after reli-

ning. The IRS mean value in this group was also 
lower after denture relining with statistical signi-

icance (p<0.05, Table 1).
In the group of patients who wore both, maxillary 
and mandibular, removable dental prostheses, 

mean DBT values after denture relining were stati-
stically signiicantly higher (p<0.05) in all measu-

ring points on the maxillary and mandibular dental 
prostheses except in the UP4 point (p>0.05), and 
the difference between the measured IRS mean 
value before and after relining was statistically si-

gniicantly lower (p<0.05, Table 1).
In the investigated group of patients who wore re-

movable dental prostheses during the day and ni-

ght, statistically signiicant differences (p<0.05) 
in DBT were recorded after relining in UP2, UP3, 
UP5, UP6, LP1, LP2, and LP3 measuring po-

ints. In addition, statistically signiicantly lower 
(p<0.05) IRS values were recorded. In the group 
of patients who wore removable dental prosthe-

ses only during the day, statistically signiicant 
differences (p<0.05) in DBT after relining were 
recorded in UP1, UP2, UP5, UP6, LP1, LP2, and 
LP3 measuring points, also with a statistically si-
gniicant lower (p<0.05) IRS value (Table 2).

Measuring points
„Day-night“ time denture wearing Only „day“ time denture wearing

X2-X1 SD (X2-X1) t p X2-X1 SD (X2-X1) t p

UP1 0.353 1.456 1.493 0.143 0.560 0.532 3.329 0.008
UP2 0.240 0.384 3.949 0.000 0.180 0.148 3.838 0.003
UP3 0.132 0.229 3.549 0.001 0.020 0.045 1.415 0.190
UP4 0.447 1.758 1.392 0.174 0.000 0.034 0.000 1.000
UP5 0.837 1.363 3.784 0.000 0.800 0.883 2.562 0.037
UP6 0.510 0.758 4.153 0.000 0.567 0.543 3.617 0.004
LP1 1.275 0.758 8.239 0.000 0.643 0.538 4.470 0.000
LP2 0.573 0.802 3.914 0.000 1.178 1.469 3.402 0.003
LP3 0.653 0.919 3.895 0.000 0.325 0.260 4.990 0.000
IRS -0.600 0.474 -9.126 0.000 -0.654 0.258 -11.885 0.000

Table 2. Statistical parameters for denture base thickness and interocclusal rest space after denture relining among “day-night” 
time denture wearers and only “day” time denture wearers

X2-X1, difference between DBT or IRS mean values after and before relining (in mm); SD, standard deviation; t,t value of Student’s test; p,level 
of statistical signiicance; UP1-UP6 measuring points on maxillary removable dental prosthesis; LP1-LP3 measuring points on mandibular remo-

vable dental prosthesis; IRS, interocclusal rest space;

Measuring points 
Less than 1 year More than 1 year

N X2-X1 SD (X2-X1)  t p N X2-X1 SD (X2-X1) t p

UP1 44 0.373 1.367 1.808 0.077 8 0.650 0.212 8.668 0.000
UP2 46 0.248 0.357 4.713 0.000
UP3 44 0.118 0.215 3.643 0.000
UP4 30 0.447 1.758 1.392 0.174
UP5 42 0.876 1.327 4.278 0.000 3 0.350 0.212 2.858 0.103
UP6 46 0.552 0.723 5.176 0.000 8 0.200 0.283 2.000 0.085
LP1 36 1.094 0.723 9.081 0.000
LP2 46 0.643 0.820 5.322 0.000
LP3 44 0.564 0.773 4.836 0.000
IRS 66 -0.630 0.423 -12.152 0.000 8 -0.433 0.379 -3.237 0.014

Table 3. Statistical parameters for denture base thickness and interocclusal rest space with a period less and more than 1 year 
elapsed from teeth extraction to the denture production

N, number of removable dental prostheses; X2-X1, difference between DBT or IRS mean values after and before relining (in mm) ; SD, standard 
deviation, t,t value of Student’s test; p-level of statistical signiicance; UP1-UP6, measuring points on maxillary removable dental prosthesis; LP1-
LP3, measuring points on mandibular removable dental prosthesis; IRS,  interocclusal rest space; blank row, no data obtained;
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In the group of patients in whom a period shorter 
than one year had passed between the last tooth 

extraction and the time when a functional impre-

ssion for removable dental prostheses production 

was taken, a statistically signiicant difference 
(p<0.05) in DBT after relining was recorded in 
UP2, UP3, UP5, UP6, LP1, LP2, and LP3 mea-

suring points with a statistically signiicant lower 
(p<0.05) IRS value (Table 3).
In the group of patients in whom a period longer 
than one year had passed between the last tooth 

extraction and the time when a functional impre-

ssion for removable dental prostheses production 

was taken, only UP1, UP5, and UP6 measuring 
points existed due to the denture form. A statisti-
cally signiicant difference (p<0.05) in DBT was 
recorded in the UP1 point with a statistically si-
gniicant (p<0.05) lower IRS value (Table 3).
When patients/participants were distributed by 
age in two groups (<60 years, >60 years), no sta-

tistically signiicant difference (p>0.05) in DBT 
after relining was observed. In addition, there was 
no statistically signiicant difference (p>0.05) in 
DBT after denture relining observed between the 
following two groups of patients—those who 

wore their removable dental prostheses for less 

than 10 years, and those who wore them for 10 

years or longer.

DISCUSSION

Different qualitative and quantitative indices and 
methods were used to describe residual ridge 

resorption (10). In human studies, radiographic 
methods were usually used, especially cephalo-

metry and panoramic radiography, and/or measu-

ring on the casts of the jaws (11,17). In this study, 
the DBT was measured at certain points of the 
denture base before and after the denture relining 

procedure. Maxillary and mandibular measuring 
points were allocated in anterior and posterior 

regions and over the hard palate in order to mea-

sure alveolar bone resorption process of different 

regions of denture-bearing area. The inluence of 
abrasion (wear) of polished denture’s surfaces on 

measured values was largely diminished due to 

the short period between two measurements, and 

therefore the accuracy of used method was high. 
The applied method is simple to perform, witho-

ut any burden to patients. Additional material for 
research performance was not required, becau-

se used material for denture relining procedure 

was, anyhow, necessary for clinical treatment. 
Therefore, the method used is cost effective and 
also non-invasive, without radiation in contrast 

to radiographic measuring. Observed differences 
in DBT measurements, after one (or more) den-

ture relining could serve as an indicator of the 

alveolar bone resorption process of the denture-

bearing area, and therefore this proposed simple 

method could be used in wide clinical practice.
The osseous tissue is an entity that undergoes 
continuous turnover and remodeling throughout 

life (18,19). The resorption of the residual ridges 
and changes in the jaw and occlusal relationships 

demonstrate great individual variation (20). The 
alveolar ridges start to atrophy after tooth extrac-

tion (12). Therefore, increased bone resorption 
(with increased DBT after relining) can be expec-

ted in the nearby area of the last extracted teeth. 
This consideration corresponds to the results of 
this study (especially in the group of patients for 

whom dentures were produced in a period no 

longer than a year since the last tooth extracti-
on), as after the dentures had been relined, the 

measured DBT values were greater in almost all 
measuring points. Alveolar bone resorption could 
be explained with great individual differences in 
resorption (5), natural teeth in the antagonistic 

jaw, with too lingual placement of the artiicial 
mandibular incisors (21), or in mandibular/maxi-
llary posterior denture-bearing area due to stron-

ger masticatory forces (22). In this study, the IRS 
values after denture relining were statistically 

signiicantly lower, which points out to the fact 
that during the period of dentures wearing, IRS 
values were probably increased due to residual 

ridge resorption and consequent settling of den-

tures on the resorbed denture-bearing area. Chan-

ges in the vertical dimension of occlusion affect 

the appearance of the lower third of the face. The 
decrease in facial height is mainly reproached to 

a pronounced reduction of the mandibular ridge 

and a consequent forward-upward rotation of the 
mandible (20). 
Attitudes related to the inluence of denture-we-

aring frequency on residual ridge resorption are 
different (6,7,9,11). Peltola et al. (3) reported that 
the frequency of denture wearing (just during the 
“day time” or “day-night time”) has no inluence 
on the rate of residual ridge resorption, which is 
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SAŽETAK
Cilj Resorpcija kosti dovodi do smanjenja i promjene oblika bezubih alveolarnih grebena. Svrha ovog 
istraživanja bila je ispitati promjene u debljini protezne baze (DPB) i iznosu slobodnog interokluzijskog 
prostora (SIP) s obzirom na postupak podlaganja proteze. 

Metode Vrijednosti SIP-a i DPB-a mjerene su preciznim pomičnim mjerilom (prije i nakon podlaganja 
proteze) na 74 pacijenta i njihovim protezama. Vrijednosti DPB-a mjerene su na 6 točaka za gornju pro-

tezu i na 3 točke za donju protezu. IRS vrijednost mjerena je kao udaljenost (u mm) između incizalnih 
bridova gornjih i donjih središnjih sjekutića dok je donja čeljust pacijenta bila u položaju “iziološkog 
mirovanja”, s glavom i vratom u uspravnom položaju. 

Rezultati Nakon podlaganja proteze, među pacijentima koji su bili nositelji gornje i donje pomične 
proteze srednje vrijednosti DPB-a bile su statistički značajno veće (p<0.05) na gotovo svim mjernim 
točkama, dok su srednje vrijednosti SIP-a bile statistički značajno manje (p<0.05). Statistički značajne 
razlike (p<0.05) DPB-a pronađene su u skupini pacijenata koji su proteze nosili danju i noću, te u skupi-
ni pacijenata koji su proteze nosili samo noću, kao i u skupini pacijenata s periodom kraćim od 1 godine 
od posljednjeg vađenja zuba do uzimanja funkcijskog otiska za protezu. 

Zaključak Zbog resorpcije kosti vrijednosti DPB-a i SIP-a mijenjaju se nakon podlaganja proteze, te bi 
mogle poslužiti kao pokazatelji resorpcije u stomatološkoj ambulanti. 

Ključne riječi: gubitak alveolarne kosti, proteze, protezna baza, podlaganje proteze


