
Received: 5 January 2022 Accepted: 24 April 2022

DOI: 10.1111/eos.12871

O R I G I N A L A R T I C L E

Retrospective clinical study of tooth-supported single crowns:
A multifactor analysis

Mohammed Hawthan1,2 Bruno R. Chrcanovic1 Christel Larsson1

1Department of Prosthodontics, Faculty of
Odontology, Malmö University, Malmö,
Sweden
2Department of Oral and Maxillofacial
Surgery and Diagnostic Sciences, Faculty of
Dentistry, Umm Al-Qura University,
Makkah, Saudi Arabia

Correspondence
Mohammed Abdullah Hawthan,
Department of Prosthodontics, Faculty of
Odontology, Malmö University, Carl
Gustafs väg 34, 21421 Malmö, Sweden.
Email: Mohammed.Hawthan@mau.se

Funding information
Umm Al-Qura University, Makkah, Saudi
Arabia

Abstract
The purpose of the study was to investigate the influence of multiple factors on the

survival of tooth-supported single crowns and assess the biological and technical

complications. This retrospective study included patients rehabilitated with single

crowns with a minimum follow-up time of 6 months after delivery. The cumula-

tive survival rate was calculated over the maximum period of follow-up time and

reported in a life-table survival analysis. Univariate and multivariate Cox regression

was used to evaluate the associations between clinical covariates and crown failure.

The included cohort group consisted of 1037 single crowns delivered in 401 patients

and followed for a mean of 134.8 ± 80.2 months. Cumulative survival rate was 89.9%

and 80.9% after 5 and 10 years and 70.5% and 61.8% after 15 and 20 years, respec-

tively. The main reasons for single crown failure were loss of retention, tooth loss, and

fracture. Anterior placement, non-vital abutments, and bruxism significantly influ-

enced the survival of single crowns. The survival of single crowns was not influenced

by patient’s age and sex, location of the crowns in relation to the jaws, type of tooth,

presence of post and core, and type of crown material, treatment providers, or smok-

ing. Anterior placement, non-vital abutments, and bruxism are factors suggested to

increase the risk of single crown failure and the prevalence of technical and biological

complications.
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INTRODUCTION

Missing coronal tooth structure due to caries and/or trauma
can be restored by dental restorations [1]. The amount of
remaining tooth structure is the main factor determining the
type of coronal restoration, that is, whether to use full or
partial coverage restorations, and also influences the type of
material to be used, for example, amalgam, composite, glass
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ionomer, ceramic, or metal [2]. Short- and long-term clini-
cal performance of tooth-supported single crowns have been
reported by several studies. The estimated survival rates at
short- to medium-term follow-up, up to 5 years, have been
reported to range between 93.3%–96.6% [3, 4] and 85.4% after
a period of 25 years of function [5]. Failures do occur and
it is important to investigate the cause of failures in order to
improve the prognosis.
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Single crowns are subjected to several clinical circum-
stances which could influence the survival and complica-
tion rates. One such variable is tooth vitality. Interdental
receptors in the dental pulp have a protective role against
harmful overloading force and this could be reduced or lost
in non-vital teeth [6]. Furthermore, loss of tooth structure
following endodontic and subsequent restorative treatments
could weaken the tooth and increase susceptibility of frac-
ture [7, 8]. When the remaining coronal tooth structure is
insufficient to retain a restoration, a post is needed [1, 9].
Presence of a post could increase the stress on the root
surface and subsequently increase the risk of tooth frac-
ture [10, 11]. Another variable that could affect the sur-
vival of single crowns is the magnitude of biting force which
is affected by several factors such as patient’s age, sex,
tooth location, status of the dentition, opposing arch, and
bruxism [11–18].

Single crowns may be fabricated from several materials
such as metals, metal-ceramics, or all-ceramics. The type of
restorative material may affect the clinical outcome of sin-
gle crowns [19]. Metal and zirconia frameworks are gener-
ally covered by a porcelain veneer [5, 20]. Porcelain chip-
ping has been reported as one of the most frequent techni-
cal complications for veneered single crowns [3]. To over-
come the problem of chipping, all-ceramic single crowns
can be made without a veneer. However, these restorations
have sometimes showed a risk of complete fracture [21].
Many studies have compared the survival of different types
of single crown materials [3] but few have included type
of material among other clinical variables in multifactorial
analyses.

Treatment plan and decision-making should rely on several
general and local factors. Recognizing these factors during
treatment planning may reduce the risk of complications and
failures. Therefore, the aim of the present retrospective study
was to investigate the survival rates and technical and bio-
logical complications of tooth-supported single crowns with
respect to several aforementioned variables.

MATERIAL AND METHODS

Study design

The dental records archive and the digital journals of all
patients (a total number of approximately 4000 records) at
the Faculty of Odontology, Malmö University, Sweden were
reviewed by one investigator (MH) to identify patients reha-
bilitated with tooth-supported full coverage single crowns.
The study protocol was approved by the Regional Ethi-
cal Committee in Lund, Sweden (Dnr 4,3-2018/422; Dnr
2018/856) and followed the STROBE guidelines [22].

Definitions

Survival was defined as the prosthesis remaining in situ and in
function, even though complications might have occurred. A
prosthesis that had been removed or replaced was considered
a failed prosthesis. Chipping was defined as loss of veneer
substance with or without metal exposure, being classified as
minor (managed chair-side) or major (sent to the dental lab for
reparation). A tooth was considered as a failure if exhibiting
extensive alveolar bone loss and/or excessive tooth mobility,
extensive caries, or any other complication that would make
the tooth unsuitable to remain as retainer for single crown and
therefore lead to tooth loss. Crowns on incisors and canines
were classified as anterior crowns, while crowns on premolars
and molars were classified as posterior crowns.

All patients included in the present study had undergone
clinical examination including an anamnestic part and self-
report questionnaire to identify bruxism. In the present study,
a distinction between “possible” and “probable” sleep or
awake bruxism was made. A recording of “possible” sleep or
awake bruxism was based on self-report using questionnaires
and/or the anamnestic part of a clinical examination. A record-
ing of “probable” bruxism was based on self-report together
with clinical examination [23]. The information on the self-
report and clinical examination was verified from annotations
in the dental records of each eligible patient. Patients were
thus classified as “probable” bruxers if such findings were
identified.

Inclusion and exclusion criteria

All patients treated with full coverage tooth-supported single
crowns at the aforementioned faculty who had a minimum
follow-up time of 6 months after delivery of the prosthetic
work and an available dental record at the clinic’s archive
were included. The exclusion criteria consisted of conven-
tional full-coverage fixed dental prostheses, resin-bonded and
cantilever fixed dental prostheses, partial-coverage crowns,
and cases with lack of information regarding the outcome
measures.

Data collection

The patient data were collected and entered directly into a
database in a SPSS file (SPSS version 27; SPSS) by one inves-
tigator (MH). The following data were collected: patient’s age
and sex, location of the crowns in relation to the jaws (max-
illa, mandible), area of crown placement (anterior, posterior),
type of tooth (incisor, canine, premolar, molar), tooth vital-
ity, presence of post and core, type of crown material, type of
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cement, situation of the opposing arch (natural dentition, fixed
or removable denture), treatment provider (dental student,
general or specialist dentist), smoking habits, bruxism, and
complications after delivery of the single crowns including
the date when they occurred. Information on types of materi-
als used in the single crowns were obtained from the dental lab
order. Technical and biological complications were evaluated
radiographically and through the patients’ records. Biological
complications included caries, loss of tooth vitality, periapical
infection, mobility, and tooth loss. Technical complications
included tooth fracture, loss of retention, framework fracture,
and minor and major porcelain chipping.

Statistical analysis

The data were described using mean values, standard devi-
ations (SD), and percentages. The interval survival rate of
the single crowns was calculated using the information of the
period of failure, and the cumulative survival rate was cal-
culated over the maximal period of follow-up reported, in a
life-table survival analysis.

Univariate and multivariate Cox regression was used to
evaluate the associations between clinical covariates and
crown failure. Hazard ratio (HR) and 95% confidence inter-
vals (95% CI) were estimated from Cox proportional haz-
ard models. In order to verify multicollinearity, a correlation
matrix of all the predictor variables with a significant odds
ratio (p value cut-off point of 0.1) identified in the univari-
ate models was examined, to see whether there were some
high correlations among the predictors. Collinearity statis-
tics obtaining variance inflation factor (VIF) and tolerance
statistic were also performed to detect more subtle forms of
multicollinearity. For the final multivariable Cox regression
model, all variables that were univariably moderately associ-
ated (p < 0.10) with single crown failure were included. For
this crown-level analysis, clustering of multiple single crowns
within each patient was accounted for in the Cox models using
the methods outlined by Lee et al. [24] and Lin [25]. Data were
statistically analyzed using the SPSS software. Cox models
were performed using the Stata software version 15 (Stata-
Corp). The command mestreg was used for the Cox mod-
els, in order to take into account clustering of observations in
patients. The statistical significance level was set at p < 0.05.

RESULTS

A total of 1050 single crowns were executed by dental stu-
dents, general practitioners, or specialists at a prosthodontic
and general adult dental care department during the period
between 1981 and 2018 and had complete information on out-
comes. The data of 13 single crowns were excluded from the

F I G U R E 1 Flow-chart describing the selection of
participants/crowns. SC, single crown; FDP, fixed dental prosthesis

analyses as they had a minimum follow-up time of less than 6
months (Figure 1).

The final sample consisted of 1037 single crowns, 47.5% of
which were supported by vital abutments and 52.5% by non-
vital abutments. These single crowns were installed in 401
patients, 195 men and 206 women, who had a mean age of
56.8 years (± 12.9 SD, min–max 21.0–86.6) and 57.7 years
(± 12.5 SD, min–max 28.1–85.6), respectively, at the day of
crown delivery. Most patients attended regular follow-up vis-
its during the first year but not all continued regular annual
follow-ups. The 1037 single crowns were followed for a mean
of 134.8 ± 80.2 months, SD (min–max, 6.0–360.7).

Table 1 presents the descriptive characteristics of the sin-
gle crowns included in the study, with number of failed
crowns and follow-up time according to the different fac-
tors analyzed. Tables 2 and 3 show the different types of
all-ceramic single crown materials and the veneering status,
respectively. Veneered oxide ceramics, zirconia (27.8%) and
alumina (24.9%), were the most common material used for
all-ceramic single crowns. Partial veneering was used in most
veneered zirconia single crowns. Table 4 presents the results
for the life-table survival analysis. The cumulative survival
rates for all single crowns were 89.9% and 80.9% after 5 and
10 years, respectively. After 15 and 20 years of function, the
cumulative survival rates for 284 and 111 single crowns were
70.5% and 61.8%, respectively. A total of 230 single crowns
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T A B L E 1 Descriptive data of the single crowns included in the study, with follow-up time according to the different factors. The descriptive
unit is the crown, not the patient

Factor
Number of single
crowns (%)

Number of failed
single crowns

Follow-up time (months)
Mean ± SD (min–max)

Sex
Male 506 (48.8) 114 129.0 ± 83.0 (6.2–360.7)

Female 531 (51.2) 116 140.3 ± 77.1 (6.0–355.4)

Age
<50 years 309 (29.8) 86 159.2 ± 79.6 (6.2–333.6)

≥50 years 728 (70.2) 144 124.4 ± 78.3 (6.0–360.7)

Jaw
Maxilla 605 (58.3) 150 128.9 ± 80.4 (6.0–355.4)

Mandible 432 (41.7) 80 143.1 ± 79.3 (6.9–360.7)

Crown region
Anterior 282 (27.2) 70 115.4 ± 74.1 (6.0–335.1)

Posterior 755 (72.8) 160 142.0 ± 81.3 (6.2–360.7)

Tooth type
Incisor 217 (20.9) 56 117.6 ± 73.6 (6.0–335.1)

Canine 65 (6.3) 14 108.0 ± 75.8 (9.2–298.9)

Premolar 391 (37.7) 83 138.6 ± 81.5 (6.8–360.7)

Molar 364 (35.1) 77 145.8 ± 80.9 (6.2–316.0)

Tooth vitality
Non-vital 544 (52.5) 149 136.6 ± 79.7 (6.2–360.7)

Vital 493 (47.5) 81 132.8 ± 80.8 (6.0–132.8)

Post and corea

No 71 (13.1) 18 112.1 ± 71.7 (7.0–290.5)

Yes 472 (86.9) 131 140.0 ± 80.2 (6.2–360.7)

Material
All-ceramic 169 (16.3) 26 81.5 ± 65.4 (6.3–234.8)

High-noble gold ceramic 678 (65.4) 171 158.1 ± 72.6 (7.3–360.7)

Full gold 68 (6.5) 14 143.1 ± 81.9 (8.4–143.1)

CoCr ceramic 122 (11.8) 19 74.3 ± 72.3 (6.0–262.5)

Crown occluding tob

Natural teeth 591 (59.8) 131 138.3 ± 79.4 (6.0–355.4)

Fixed prosthesis 398 (40.2) 99 127.8 ± 80.2 (6.2–360.7)

Treatment provider
Dental student 836 (80.6) 197 140.0 ± 77.3 (6.0–303.1)

General or specialist dentist 201 (19.4) 33 113.1 ± 88.2 (7.6–360.7)

Bruxism
No 696 (67.1) 141 141.9 ± 77.4 (6.0–360.7)

Yes 341 (32.9) 89 120.3 ± 83.9 (8.5–333.6)

Smokingc

No 283 (50.6) 61 135.5 ± 78.3 (6.8–316.0)

Yes 191 (34.2) 50 123.0 ± 82.9 (6.2–329.5)

Ex-smoker 85 (15.2) 17 145.6 ± 80.2 (11.3–298.9)

Abbreviation: SD, standard deviation.
aOnly for non-vital teeth.
bFew cases were not considered her: crowns opposed removable partial denture (n = 26), and not occluding to anything (n = 22).
cFor the cases in which information on smoking habits was available.
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T A B L E 2 Types of all-ceramic materials used for the single
crowns

Types of all-ceramic material Frequency (%)
Zirconia with porcelain veneer 47 27.8

Alumina with porcelain veneer 42 24.9

Lithium disilicate glass-ceramic (e.max) 29 17.2

Monolithic zirconia 23 13.6

Leucite-reinforced glass-ceramic (Empress) 21 12.4

Lithium disilicate glass-ceramic (Empress 2) 4 2.4

Feldspathic porcelain 3 1.8

Total 169 100.0

T A B L E 3 Veneering status of all-ceramic single crowns

Type of ceramic
material

Complete
veneer

Partial
veneer Total

Zirconia 17 30 47

Alumina 42 0 42

Total 59 30 89

were considered failures (Table 4). Failures occurred in 149
patients, after a mean follow-up time of 114.5 ± 70.4 months
± SD (min–max, 7.3–293.6). Loss of retention, tooth loss, and
tooth fracture were the most common reasons for single crown
failures (Table 5).

Tables 6 and 7 present the results for the univariate and mul-
tivariate Cox proportional hazard models. Multicollinearity
was observed between the factors “crown region” and “tooth
type.” Therefore, the factor “tooth type”, which was moder-
ately associated with crown failure in the univariate model,
was excluded from the multivariate model. The estimated haz-
ard ratio (HR) indicated that the following factors were influ-
ential for single crown survival: single crowns in posterior
teeth had a lower HR than anterior teeth, crowns in vital teeth
showed a lower HR than non-vital teeth, and crowns in brux-
ers showed a higher HR than in non-bruxers. Table 8 shows
the biological and technical complications recorded for the
single crowns. Loss of retention and recurrent caries were
the most common complications. All-ceramic and cobalt-
chromium based metal-ceramic single crowns cemented with
resin cement showed a lower occurrence of loss of reten-
tion than other types of single crown materials and cements
(Table 9).

A crosstabulation was performed for two variables (pres-
ence of post and core and area of crown placement) in order
to explore the reason for the higher HR in anterior than in
posterior teeth. The analysis showed that 89.9% of non-vital
anterior teeth had post and core (Table 10).

DISCUSSION

Based on the results of the present study, the survival rates
of single crowns are influenced by area of crown placement
(anterior, posterior), tooth vitality, and bruxism. The cumu-
lative survival rate of single crowns after 5 and 10 years of
function were lower than reported by previous reviews and
a retrospective study [3, 4, 26]. Reviews have reported the
5-year survival rates of metal-ceramic and all-ceramic single
crowns to be between 90.7% and 96.6%, respectively [3, 4]. A
retrospective study reported 10-year survival rate of anterior
and posterior metal-ceramic single crowns to be 92.3% and
95.9%, respectively [26]. Studies with even longer follow-up,
reported the survival rates of single crowns after 18 and 25
years of function to be between 74.9% and 85.4%, respectively
[1, 5] which also were higher compared to the present study.
In one of mentioned studies, all treatment was performed by
one prosthodontic specialist in a private prosthodontic clinic
[5]. This is in contrast to the present study, where treatment
was performed in a dental school by several treatment
providers with different clinical experience, including gen-
eral practitioners and dental students as well as specialists.
The varying degree of experience could have negatively
influenced the treatment outcome. However, our study may
be more representative as the results obtained at a specialist
clinic may perhaps not be expected to be obtained by general
practitioners [27]. Additionally, patients seeking treatment at
specialists’ private clinics are perhaps not representative of a
general population of dental patients and this might also influ-
ence results. A factor with expected positive influence on the
survival rate of single crowns is a regular follow-up [1]. Reg-
ular follow-up visits, including professional oral prophylaxis
every 6 months, has been shown to have a positive influence
on the prognosis of fixed prosthetic treatment [28]. This
factor was however limited in the present study as few patients
attended regular annual follow-up visits past the first year.

The area of crown placement showed a significant influ-
ence on the survival of single crowns. Anterior single crowns
showed a higher HR in relation to posterior ones. This may
be surprising considering the generally lower loads expected
in the anterior area [14, 15]. However, the high frequency of
post and core in the anterior teeth could be the reason behind
the higher rate of failure in anterior teeth. It has been reported
that anterior teeth with post and core showed a higher risk of
failure than posterior teeth with post and core [29]. Further-
more, the occlusal load of anterior teeth is often not parallel to
the long axis of the tooth which results in an unfavorable load
distribution [29] that might increase the micromotion of the
crown and post if present, which subsequently increases the
stress on the root surface, leading to tooth fracture, which was
one of the most common reasons for single crown failures in
the present study [10, 11]. Generating an appropriate ferrule
in the remaining tooth structure during post fabrication
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T A B L E 4 Life-table survival analysis showing the cumulative survival rate of the single crowns

Interval
start time
(years)

Number
entering
interval

Number
withdrawing
during interval

Number
exposed to
risk

Single
crown
failures

Survival rate
within each
interval (%)

Cumulative
proportion
surviving at end
of interval (%)

Standard
error (%)

0 1037 26 1024.0 10 99.0 99.0 0.3

1 1001 43 979.5 18 98.2 97.2 0.5

2 940 47 916.5 14 98.5 95.7 0.6

3 879 29 864.5 17 98.0 93.8 0.8

4 833 21 822.5 16 98.1 92.0 0.9

5 796 58 767.0 18 97.7 89.9 1.0

6 720 33 703.5 12 98.3 88.3 1.1

7 675 33 658.5 12 98.2 86.7 1.2

8 630 44 608.0 13 97.9 84.9 1.2

9 573 39 553.5 15 97.3 82.6 1.3

10 519 44 497.0 10 98.0 80.9 1.4

11 465 27 451.5 9 98.0 79.3 1.5

12 429 35 411.5 13 96.8 76.8 1.6

13 381 42 360.0 10 97.2 74.6 1.7

14 329 38 310.0 7 97.7 73.0 1.8

15 284 29 269.5 9 96.7 70.5 1.9

16 246 30 231.0 11 95.2 67.2 2.0

17 205 20 195.0 3 98.5 66.1 2.1

18 182 39 162.5 2 98.8 65.3 2.2

19 141 27 127.5 3 97.6 63.8 2.3

20 111 26 98.0 3 96.9 61.8 2.5

21 82 33 65.5 0 100 61.8 2.5

22 49 9 44.5 2 95.5 59.0 3.0

23 38 16 30.0 2 93.3 55.1 3.9

24 20 9 15.5 1 93.5 51.6 5.0

25 10 3 8.5 0 100 51.6 5.0

26 7 2 6.0 0 100 51.6 5.0

27 5 3 3.5 0 100 51.6 5.0

28 2 0 2.0 0 100 51.6 5.0

29 2 1 1.5 0 100 51.6 5.0

30 1 1 0.5 0 100 51.6 5.0

could increase the fracture resistance and reduce the risk
of tooth fracture [30–32]. Clinical examination was not
performed in the present study however, which precludes any
assessment of the presence or not of an appropriate ferrule in
the included cases. Moreover, a limited amount of remaining
tooth structure in the non-vital anterior teeth compared to
the posterior teeth could increase the incidence of loss of
retention for post and core and lead to crown failure [29].
Loss of single crown retention has been reported to occur
2.66 times more frequently in the anterior than in posterior
teeth [26]. While no explanations were offered for these
findings [26], the result is in agreement with our findings.

Tooth vitality had a significant influence on the survival of
single crowns in the present study. Dental pulp has interdental
receptors which protect the tooth from overloading force
[6]. These receptors are lost in non-vital teeth which tends
to increase the threshold for the maximum biting force
[6, 33] and thereby contribute to increased risk of tooth
damage and fracture [6]. Additionally, loss of tooth structure
during endodontic and restorative procedures may reduce the
biomechanical properties and fracture resistance and increase
the susceptibility to tooth fracture [7, 8, 34]. The result is
in agreement with a previous study, where single crowns on
non-vital teeth with/without post showed a high rate of failure
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T A B L E 5 Reasons for the single crown failures

Failure Frequency (%)
Loss of retention 61 26.5

Tooth loss 31 13.5

Tooth fracture 29 12.6

Replace old crown by new one due
to change situation

25 10.9

Recurrent caries 20 8.7

Periapical destruction 17 7.4

Excessive bone loss 11 4.8

Major chipping 8 3.5

Mobility 8 3.5

Loss of tooth vitality 7 3.0

Esthetic dysfunction 6 2.6

Framework fracture 4 1.7

Tooth loss unknown reason 2 0.9

Poor fitting 1 0.4

Total 230 100

compared to single crowns on vital teeth [35]. Higher failure
rate of single crowns on non-vital teeth than on vital ones was
also reported by another previous study [36]. In the present
study, the majority of single crowns supported by non-vital
teeth had post and core, which could also increase the risk
of single crowns failures [10, 11]. single crowns on non-vital
teeth with post and core have showed a higher failure rate
compared to single crowns on non-vital teeth without post
and core [35]. On the other hand, the result of the present
study was in contrast to a previous paper, where the survival
rates were not statistically significant different between single
crowns on vital and non-vital teeth with post and core [1].
The latter lack of difference was mainly attributed to the fact
that there was no additional removal of tooth substance for
the root canals that received post and core [1].

In the present study, bruxism showed a significant influ-
ence on the occurrence of single crown failure. Bruxism has
been defined as a repetitive jaw-muscle activity represented
by clenching and grinding of the teeth and/or by bracing or
thrusting of the mandible during wakefulness and sleep [23].
Diagnosis of bruxism based on diagnostic grading system
of “possible,” “probable,” and “definite” sleep or awake
bruxism has been suggested for both clinical and research
situations [23]. Self-report questionnaire, a clinical exami-
nation, in combination with a polysomnographic recording
are used for “definite” diagnosis of sleep bruxism [23].
Electromyography recording of the masseter muscles is also
one of the methods for grading “definite” awake bruxism.
However, the polysomnographic and electromyographic
diagnostic options are not commonly used in the clinic due to
high cost and limited availability [23, 37]. Instead, self-report

T A B L E 6 Univariate Cox proportional hazard models for single
crown failure

Factor
Hazard ratio
(95% CI) p value

Sex
Male 1

Female 0.88 (0.68, 1.14) 0.33

Age
<50 years 1

≥50 years 0.94 (0.72, 1.23) 0.65

Jaw
Maxilla 1

Mandible 0.67 (0.51, 0.88) 0.004

Crown region
Anterior 1

Posterior 0.66 (0.50, 0.88) 0.004

Tooth type
Incisor 1

Canine 0.94 (0.52, 1.69) 0.84

Premolar 0.66 (0.47, 0.93) 0.017

Molar 0.65 (0.46, 0.91) 0.013

Tooth vitality
Non-vital 1

Vital 0.61 (0.47, 0.80) <0.001

Post and corea

No 1

Yes 0.82 (0.50, 1.35) 0.44

Material
All-ceramic 1

Gold ceramic 0.75 (0.49, 1.14) 0.17

Full gold 0.71 (0.37, 1.37) 0.31

CoCr ceramic 1.11 (0.61, 2.01) 0.73

Crown occluding to
Natural teeth 1

Fixed prosthesis 1.19 (0.91, 1.55) 0.21

Treatment provider
Dental student 1

General or specialist
dentist

0.89 (0.61, 1.29) 0.53

Bruxism
No 1

Yes 1.55 (1.88, 2.02) 0.001

Smoking
No 1

Yes 1.37 (0.94, 1.99) 0.10

Ex-smoker 0.85 (0.50, 1.46) 0.56

Abbreviation: 95% CI, 95% confidence interval.
aOnly for non-vital teeth.



8 of 11 HAWTHAN ET AL.

T A B L E 7 Multivariate Cox proportional hazard regression
analysis of single crown failure

Factor Hazard ratio (95% CI) p value
Jaw
Maxilla 1

Mandible 0.77 (0.58, 1.03) 0.073

Crown region
Anterior 1

Posterior 0.73 (0.55, 0.99) 0.04

Tooth vitality
Non-vital 1

Vital 0.64 (0.49, 0.84) 0.001

Bruxism
No 1

Yes 1.52 (1.17, 1.98) 0.002

Abbreviation: 95% CI, 95% confidence interval.

T A B L E 8 Biological and technical complications for single
crowns

Complication Frequency (%)
Loss of retention 103 9.9

Recurrent caries 89 8.6

Tooth loss 75 7.2

Periapical destruction 61 5.9

Loss of vitality 48 4.6

Tooth fracture 29 2.8

Mobility 28 2.7

Bone loss 19 1.8

Chipping 19 1.8

Framework fracture 5 0.5

questionnaires are commonly used for both clinical and
research purposes and can be applied for a large population
[38]. In the present study, information from anamnesis,
self-report questionnaire and clinical examination was used,

and patients were thus classified as “probable” bruxers if
such findings were identified.

Bruxism could increase the incidence of loss of retention
which was the most common complication and the main
reason for single crown failures in the present study. Loss
of retention has been reported to occur more frequently in
bruxers as there is often limited clinical crowns height as a
result of tooth wear, combined with excessive occlusal forces
[18]. Loss of retention was reported in a previous study as
one of the most common complications for single crowns
[39]. The longevity of single crowns is closely related to
the marginal seal between abutment and crown [40]. Resin
cement has an excellent ability to minimize the marginal
discrepancy and leakage of all-ceramic single crowns [41].
In the present study, all-ceramic single crowns cemented
with resin cement revealed better clinical performance
compared to single crowns bonded with other cements such
as zinc phosphate, as also observed in other studies [42–44].
The possible reason is the limited tensile strength of zinc
phosphate cement which could increase the possibility of
retention loss [42]. In addition to providing sealing, resin
cements can form a chemical bond to ceramics after proper
conditioning [45]. However, the groups are imbalanced
as few metal-based crowns were cemented using resin
cement.

Bruxism could also increase the risk of tooth loss. In
the present study, tooth loss occurred as a consequence of
extensive alveolar bone loss and/or excessive tooth mobility.
In periodontally compromised patients, excessive overload by
bruxism could enhance periodontal breakdown and negatively
influence the alveolar bone density and create a bony defect
which leads to pathological tooth mobility and tooth loss
[46–48]. The risk of porcelain chipping of single crowns has
been reported to be three times higher in bruxers compared
to non-bruxers [49]. In the present study however, porcelain
chipping was reported as one of the less frequent compli-
cations. The reason for this observation could be the high
number of single crowns made of precious alloy as frame-
work (high-noble gold-based ceramic). The bond strength of

T A B L E 9 Occurrence of single crown loss of retention, according to the type of crown material and type of cement

Types of cement

Zinc phosphate
cement Resin cement

Glass ionomer
cement

Resin modified
glass-ionomer
cement Total

Material n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)
All-ceramic 6/55 (10.9) 7/110 (6.4) 1/4 (25.0) 0/0 (0) 14/169 (8.3)

Gold ceramic 68/657 (10.4) 1/4 (25.0) 1/8 (12.5) 1/4 (25.0) 71/673 (10.5)

Gold 6/66 (9.1) 0/1 (0) 0/1 (0) 0/0 (0) 6/68 (8.8)

CoCr ceramic 11/116 (9.5) 0/6 (0) 0/0 (0) 0/0 (0) 11/122 (9.0)

Total 91/894 (10.2) 8/121 (6.6) 2/13 (15.4) 1/4 (25.0) 102/1032 (9.9)
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T A B L E 1 0 Tooth vitality, presence of post and core and area of crown placement

Anterior Posterior Total
Tooth vitality n/N (%) n/N (%) n/N (%)
Vital tooth 144/282 (51.1) 350/755 (46.4) 494/1037 (47.6)

Nonvital tooth
without post and
core

14/282 (4.9) 57/755 (7.5) 71/1037 (6.9)

Nonvital tooth with
post and core

124/282 (44.0) 348/755 (46.1) 472/1037 (45.5)

porcelain to precious alloy is significantly higher compared
to bonding to non-precious alloy frameworks which reduces
the tendency for adhesive veneering ceramic fracture for the
precious alloy single crowns [26, 50, 51]. This was also found
in a previous paper where only 1.7% of single crowns made
of precious alloy framework had porcelain chipping [26].

Recurrent caries was reported as the second most common
complication in the present paper. Recurrent marginal caries
could be a consequence of ill-fitting margin or could follow
the loss of single crown retention [52]. Ill-fitting crown
margins accumulate more plaque which could increase the
incidence of the recurrent marginal caries [28, 53]. As a
clinical examination was not performed in the present study,
the precise primary cause of the recurrent caries could not be
ascertained.

The types of crown material had no significant influence
on the survival of the single crowns. These results are in
agreement with a previous review where most types of
all-ceramic single crowns showed similar survival rates
to those reported for metal ceramic ones [3]. The type of
material may influence the outcome of single crown less than
in fixed dental prostheses due to the difference in biome-
chanics between single crowns and fixed dental prostheses as
single crowns are less complicated in their design having no
connector and splinting areas [49].

Patient’s age and sex had no significant influence on the
survival of single crowns. The magnitude of the biting force
is higher in men than women [12–14, 54] and decreases
significantly after 50 years of age [13]. However, number of
teeth has been reported as the most important factor affecting
the magnitude of the biting force rather than patient’s age
and sex [13]. This factor was not controlled among included
patients and could have influenced the results.

The status of the opposing arch was included as a variable
in the multifactor analysis. However, as the dentition may
have changed at subsequent follow-ups, it is difficult to
judge if complications occurred when the single crowns were
opposed by natural dentition or fixed or removable prosthesis.

There are limitations with retrospective studies based on
patient records. Treatment providers were not calibrated, and
the clinical procedures were not standardized and controlled

as it could be in a prospective study. Moreover, some data may
not have been completely recorded in the patients journals
at each follow-up appointment. The present study emanated
from a teaching institution. The patients that were not treated
by students and specialists are probably representative of
general dental practice. While patients seeking treatment at
a low-cost student clinic could have lower socio-economic
status and poorer general and oral health, this was not
analyzed. This may limit the generalizability of the results.
Nevertheless, record-based retrospective studies involving
several variables and treatment providers are valuable as they
provide information about risks and complications which can
help the practitioner in everyday treatment planning.

Within the limitations of this retrospective study, we
conclude that anterior placement, non-vital abutments, and
bruxism are factors increasing the rate of single crown
failure.
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