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Abstract
Background/Aim: In case of crown fractures after traumatic dental injuries, the af-
fected teeth can be restored either with reattachment of the fractured fragment or 
with a direct composite restoration. So far, longevity data for reattachments and di-
rect composite restorations with regard to different failure types (pulp necrosis and 
infection, restoration loss) are scarce. Therefore, the aim of this retrospective study 
was to evaluate the restorative and biological survival of reattached fragments and 
composite restorations after crown fractures in permanent teeth.
Material and Methods: Dental records of patients treated between 2000 and 2018 
were retrospectively analysed regarding the restoration (reattachment or direct com-
posite restorations) of teeth with crown fractures. Survival (no further intervention) 
and restorative and/or biological failure of all restored teeth were recorded. Statistical 
analysis was performed using Kaplan– Meier statistics, and the mean annual failure 
rates for two and 5 years were calculated. Furthermore, the effect of potential risk 
factors on survival was assessed. Log- rank tests and univariate Cox regression mod-
els (likelihood ratio tests) were used to assess the univariate effect of all variables of 
interest. Variables with a p- value ≤.10 were included in a multivariate Cox regression 
model with shared frailty (p < .05).
Results: Overall, 164 patients with 235 teeth (uncomplicated crown fracture: N = 201, 
complicated crown fracture: N = 34) were included (1.6 ± 2.5 years observation time). 
Of these, 59 teeth were restored with reattachment of the fragment and 176 with 
a composite restoration. Overall, composite restorations had a significantly higher 
survival rate than reattachments (p = .002). The cumulative survival after 2 years was 
42.9% and 65.0% for teeth treated with a reattachment (mAFR = 34.5%) and a com-
posite restoration (mAFR = 19.3%), respectively. When differentiating between fail-
ure types, restoration failure and pulp necrosis were significantly more frequently 
detected in reattached crown fractures compared to composite restorations (restora-
tive failure: p = .001; biological failure: p = .036). In the multivariate Cox regression 
model, the variable jaw and luxation significantly influenced the survival when the 
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1  |  INTRODUC TION

Traumatic dental injuries (TDI) occur very frequently, especially in 
children and young adults. Twenty- five per cent of all school children 
and 33% of adults experience dental trauma to the permanent denti-
tion, with the majority occurring before the age of 19.1 Whereas luxa-
tion injuries are the most commonly reported TDIs for primary teeth, 
crown fractures are most prevalent in the permanent dentition.1,2 
As the maxillary incisors are the most commonly injured teeth due 
to their exposed position, a functional, aesthetic and time- efficient 
restoration is frequently demanded.3 According to the current 
International Association of Dental Traumatology guidelines, crown 
fractures confined to enamel and dentine may be treated either with a 
direct composite restoration or with an adhesive reattachment of the 
fractured fragment.4 As long as the fragment is intact, reattachment 
is often preferred in dental practice. This technique facilitates the res-
toration of the tooth with its original anatomy, colour and function in 
a minimum amount of time.5,6 Unfortunately, clinical studies regard-
ing the survival of reattached fragments are scarce, and results from 
laboratory investigations cannot be transferred to clinical settings 
without limitations.7 Furthermore, longevity data of direct composite 
restorations in fractured anterior teeth are restricted to a few clin-
ical studies.8,9 Considering these limitations of data, the aim of this 
retrospective study was to provide longevity information about the 
survival of the pulp and the restoration with respect to the type of 
restorative treatment (reattachment or direct composite restoration) 
and to identify potential variables affecting the survival.

2  |  MATERIAL S AND METHODS

The study was approved by the local ethics committee of the 
University Medical Centre Göttingen (no.19/8/19) and conducted in 
accordance with the Declaration of Helsinki (Registration on www.
drks.de; ID: DRKS00028519). The study included patients affected 
by dental trauma who were treated at the Department of Preventive 
Dentistry, Periodontology and Cariology at the University Medical 
Centre Göttingen between January 2000 and December 2018.

Before treatment, each patient was examined clinically and 
radiographically. When the coronal fragment had been saved, re-
attachment was considered, irrespective of pulp exposure and 
the defect size. In order to obtain all relevant information about 
the treatments, two investigators (C.M. and F.H) reviewed all dig-
ital and paper- based dental records of all patients having received 
direct composite restorations or reattachments of the coronal 
tooth fragment after a TDI. All permanent teeth that had sustained 
enamel- dentin- fractures were included. A fracture was considered 
complicated if it was associated with a pulp exposure and uncom-
plicated if there was no pulp exposure. Exclusion criteria were as 
follows: cases with inadequate documentation, teeth with pulp 
necrosis and infection or previously root- filled, fractures limited to 
enamel, crown- root- fractures, definitive treatment provided else-
where, temporary restorations and severely damaged teeth with-
out the possibility of preservation.

The data extraction included the following: first, individual- 
related variables (gender, age); second, details about the traumatized 
teeth [the date of the dental trauma, fracture type (with/without 
pulp exposure), tooth luxation (yes/no)]; and third, relevant informa-
tion about the corresponding treatment [the date of the restoration, 
restoration type (reattachment or composite restoration), restor-
ative materials (adhesive application mode and composite material) 
and the date of the last clinical or radiologic review]. Due to the low 
risk of complications after concussion and subluxation of permanent 
teeth, these injuries were defined as ‘no luxation’.10 In contrast, all 
severe injuries (extrusion, lateral luxation, intrusion and avulsion) 
were summarized as ‘luxation’. In case of inadequate documentation 
or if the minimum required information could not be taken from the 
patient's records, the case was excluded.

All reattachments and direct composite restorations still in situ 
without further intervention until the date of censoring (last review) 
was considered as ‘survived’. Two events were defined as failures: 
first, restorations were rated as failed if either the fragment detached 
or at least one of the involved surfaces of the composite restoration 
had been restored again. In case of restorative failure, restorations 
were regarded as failed at the date of intervention. Second, biolog-
ical failure was recorded in case of negative pulp sensibility tests 

tooth was restored with a composite restoration. The survival was not influenced by 
the fracture type.
Conclusions: Restorative and biological failures were more frequently detected when 
the tooth was restored with a reattached fragment compared to a direct composite 
restoration. Both, restoration failure and pulp necrosis with infection should be con-
sidered as frequent complications after restoration of crown- fractured teeth which 
emphasizes the necessity of regular and short follow- up intervals throughout the first 
2 years.

K E Y W O R D S
adhesive reattachment, composite restoration, crown fracture, dental traumatic injury, 
survival
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followed by endodontic treatment or if the tooth was extracted. 
Equally, the date of intervention was regarded as the failure date.

Statistical analysis was carried out using the software R (version 
4.1.2, www.r- proje ct.org) and the packages ‘survminer’ (version 
0.4.9), ‘survival’ (version 3– 3.13) and ‘dplyr’ (version 1.0.8). The level 
of significance was set at α = .05. The restorative and the biologi-
cal survival were assessed up to 5 years by Kaplan– Meier statistics. 
Mean annual failure rates (mAFR) at 2 and 5 years were calculated by 
the following formula11

where y = mAFR, x = the failure rate and z = the number of observation 
years.Log- rank tests (categorical variables) and univariate Cox regres-
sion models (likelihood ratio tests, continuous variables) were used to 
assess the univariate effect of all variables of interest. Subsequently, 
variables with a p- value ≤ 10 were included in a multivariate Cox re-
gression model with shared frailty of correlated observations (resto-
rations within the same patient). Hazard ratios and the respective 95% 
confidence intervals were calculated for variables significantly asso-
ciated with failure. For both univariate and multivariate analyses, all 
complications (restorative and biological) were regarded as failure.

Additionally, the survival of reattachments and composite resto-
rations was separately assessed for restorative and biological com-
plications. Univariate log- rank tests were performed to compare 
both treatment options.

3  |  RESULTS

A total of 208 patients with 312 traumatized permanent teeth with 
crown fractures were eligible for inclusion. Of this population, 44 
patients with 77 teeth were excluded due to inadequate documen-
tation (N = 24), endodontic treatment prior to coronal restoration 
(N = 31), fractures limited to enamel (N = 10), crown- root- fractures 
(N = 2), definitive treatment elsewhere (N = 5) or temporary resto-
rations (N = 5). Hence, 235 teeth (uncomplicated crown fracture: 
N = 201; complicated crown fractures: N = 34) from 164 patients 
(103 males/61 females; mean age 18.2 ± 10.3 years) were included. 
Of these, 59 teeth were restored with fragment reattachment and 
176 teeth were treated with a direct composite restoration. The 
mean observation time was 1.6 ± 2.5 years. The maxillary central 
incisors were the most frequently affected teeth (N = 185, 78.7%), 
followed by the maxillary lateral incisors (N = 31, 13.2%). Mandibular 
incisors (N = 16, 6.8%), canines (N = 2, 0.85%) and premolars (N = 1, 
0.43%) were less frequently affected.

Table 1 presents the potential risk factors subjected to the uni-
variate analysis. For reattachments, the time between trauma and 
definitive treatment and the adhesive application mode were found 
to be significant with regard to failure. For direct composite resto-
rations, significant factors were the jaw and tooth luxation. Results 

of the multivariate Cox regression analyses revealed the lower jaw 
to decrease and a luxation injury to increase the risk for failure when 
the tooth was restored with a composite restoration (Table 2).

The distribution of failed cases with regard to their diagnosis 
after TDI is shown in Table 3. There were 59.3% of the teeth treated 
with reattachment and 77.8% of the teeth restored with a direct 
composite restoration that had survived until censoring. Regarding 
the prevalence of complications, almost all teeth that had a luxation 
injury in addition to the crown fracture developed pulp necrosis and 
infection. Restorative failure occurred in both groups, irrespective 
of the diagnosis.

In the reattachment group, 50% of the biological and restorative 
failures occurred within the first year after treatment (Table 4). In 
contrast, for teeth restored with a composite restoration, 50% of all 
biological and restorative failures were observed within the first 1.5 
and 2 years, respectively.

Survival probabilities regarding both events were assessed up to 
5 years by Kaplan– Meier statistics for reattachments as well as com-
posite restorations (Figure 1). The cumulative survival after 2 years, 
irrespective of the failure type, amounted to 42.9% and 65.0% for 
teeth treated with a reattachment (mAFR = 34.5%) and a composite 
restoration (mAFR = 19.3%), respectively.

4  |  DISCUSSION

The current study presents data about the outcome and survival 
probability of reattached fragments and composite restorations of 
permanent teeth with coronal fractures after TDI. Consistent with 
the literature, the maxillary central incisors followed by the maxil-
lary lateral incisors were the most commonly affected teeth with a 
total percentage of 91.9%.3,9,12 Regarding the pulp, the majority of 
the included teeth (85.5%) had an uncomplicated fracture, which is 
consistent with previously published data.13,14 Nevertheless, both 
clinical situations may be treated either with a reattachment of the 
fragment or with a direct composite restoration.4,9,15,16 In case of 
pulp exposure, the pulp needs to be treated appropriately with a bio-
active agent as a pulp capping material (e.g. MTA or calcium hydrox-
ide suspension), irrespective of the following restoration type.4 The 
key information from this study is that the survival of the treated 
tooth regarding both failures (restorative and biological) is signifi-
cantly reduced when a fragment was reattached compared to having 
a direct composite restoration. This finding is partially confirmed by 
a previous study stating a significant higher rate of restoration losses 
in case of reattachments.9 However, reattachment is often consid-
ered to be the method of choice as the fragment represents the 
ideal reconstruction of morphology and texture.6,17 Another advan-
tage aspect is that reattachment is a very time- effective procedure, 
which is especially important when treating very young patients.

An explanation for the higher cumulative survival rates for com-
posite build- ups compared to reattachments is the probability of 
bevelling the restoration margins and enlarging the bonding surface 
area to the enamel. Several studies have been published in order 

(1−y)
z
= 1 − x

y = 1 −
z
√

1 − x
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to assess the ideal technique for adhesive reattachments of frac-
tured crowns. Preparation techniques, different adhesive strategies 
and different materials have been examined extensively in ex vivo 
studies.7,18– 25 Possible techniques are the preparation of an external 
chamfer, an internal groove or the over- contour technique.7,22 The 
internal groove and the over- contour techniques almost reached the 
fracture strength of an intact tooth, recovering 97.2% and 90.5%, 
respectively.22 Nevertheless, the influence of these preparation 
techniques should be analysed carefully as the methods to obtain 

simulated fragments are different. Sectioning of the crowns with a 
diamond saw results in hard tissue loss and a lack of mechanical in-
terlocking between the fragment and the remaining tooth, whereas 
a fracture produces two parts that fit together without a discernible 
gap.7

Regarding the adhesive application mode, the data of the pres-
ent study show the most frequent use of an etch and rinse adhesive 
system. The use of phosphoric acid as a separate conditioner still 
represents the gold standard for reliable enamel bonding and may 

Reattachments (N = 59) 
patients (n = 49)

Composite restorations 
N = 176) patients (n = 119)

N (%)/mean ± SD p- Value N (%)/mean ± SD p- Value

Gender .340 .570

Male 37 (62.7) 116 (65.9)

Female 22 (37.3) 60 (34.1)

Age (years, mean ± SD) 16.5 ± 10.8 .420 18.7 ± 10.2 .297

Jaw .880 .045

Maxilla 54 (91.5) 165 (93.8)

Mandible 5 (8.5) 11 (6.2)

Fracture type .240 .730

With pulp exposure 19 (32.2) 15 (8.5)

Without pulp exposure 40 (67.8) 161 (91.5)

Pulp treatment .310 .360

None/indirect pulp 
capping

41 (69.5) 160 (90.9)

Direct pulp capping/
pulpotomy

18 (30.5) 16 (9.1)

Material used for pulp 
treatment

.310 .450

None 38 (64.4) 152 (86.4)

Calcium hydroxide 18 (30.5) 20 (11.4)

Biodentine 3 (5.1) 1 (0.6)

MTA 0 (0.0) 3 (1.7)

Tooth luxationa .180 <.001

No 55 (93.2) 163 (92.6)

Yes 4 (6.8) 13 (7.4)

Time between trauma and 
definitive restoration 
(days, mean ± SD)

0.9 ± 3.9 .054 38.7 ± 80.0 .660

Adhesive application 
mode (N = 205)b

.013 .79

Etch and rinse 50 150

Self- etch 2 3

Composite material .400 - 

Flowable only 43 (72.9) 0 (0.0)

Sculptable 16 (27.1) 176 (100.0)

Note: Due to the effect of rounding, some numbers do not add up to 100%. p- Values ≤ .10 are 
marked in bold.
ano: None, concussion, subluxation; yes: Extrusion, luxation, intrusion, avulsion.
breduced number of teeth due to missing data.

TA B L E  1  Descriptive data (absolute 
numbers and percentages for categorical 
variables, means and standard deviations 
for continuous variables) and p- values 
from the univariate analysis if all 
complications are regarded as failure
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guarantee a bonding force stronger than self- etch adhesives.26,27 
However, not only the technique used to reattach a fragment but 
also the fracture pattern has an effect on the longevity of reattach-
ments.28 Fractures perpendicular to the long axis of the tooth and 
oblique fractures running from the labial to the palatal/lingual as-
pect with a fracture line proceeding in an apical direction have no 
palatal or lingual support, and, therefore, they are less resistant to 
labial forces.29 Unfortunately, these unfavourable fracture patterns 
account for 80% of all crown fractures.28,30

In contrast to the present study, another study on the perfor-
mance of reattached fragments reported a higher success rate of 
73.3% over a similar mean observation time of 1.7 ± 2.7 years and 

a second or even third reattachment after several detachments re-
sulted in higher success rates of 82.9% and 84.4%, respectively.12 
Nevertheless, the marginally increased probability for detachment 
in teeth with complicated crown fractures was confirmed by that 
study.12

Another publication with a mean observation time of 
1.4 ± 2.5 years also reported slightly higher success rates of 72.6% 
and 80.7% for reattachments and composite restorations, respec-
tively.9 However, there was no significant difference between res-
toration types concerning the biological failure, while the present 
study reported significant differences for both restorative and bi-
ological failures. An explanation for the different success rates of 

TA B L E  2  Parameters in the multivariate cox regression analysis (p- value, hazard ratio, 95% CI = 95% confidence)

Variable Reattachments Composite restorations

p- Value Hazard ratio (95% CI) p- Value Hazard ratio (95% CI)

Jaw

Mandible vs. maxilla (=1) – – <.001 <0.001 (<0.001– <0.001)

Time between trauma and definitive treatment .713 – – – 

Luxation

Yes vs. no (=1) – – <.001 7.53 (3.10– 18.34)

Adhesive application mode

Self- etch vs. etch and rinse (=1) .552 – – – 

Note: p- Values ≤ .05 are marked in bold.

TA B L E  3  Overview of survival and complication rates for reattachments and composite restorations with regard to their diagnosis after 
dental trauma

Restorative treatment Type of injury Survival Complications

Restorative 
failure

Biological 
failure Total

N % N % N % Na %

Reattachment (N = 59) Uncomplicated crown fracture 
without luxation (N = 37)

26 70.3 11 29.7 0 0.0 11 29.7

Uncomplicated crown fracture with 
luxation (N = 3)

0 0.0 2 66.7 3 100 3 100

Complicated crown fracture without 
luxation (N = 18)

9 50.0 8 44.4 5 27.8 9 50.0

Complicated crown fracture with 
luxation (N = 1)

0 0.0 0 0.0 1 100 1 100

Total: 35 59.3 21 35.6 9 15.3 24 40.7

Composite restorations (N = 176) Uncomplicated crown fracture 
without luxation (N = 149)

125 83.9 24 16.1 0 0.0 24 16.1

Uncomplicated crown fracture with 
luxation (N = 12)

1 8.3 3 25.0 11 91.7 11 91.7

Complicated crown fracture without 
luxation (N = 14)

11 78.6 3 21.4 0 0.0 3 21.4

Complicated crown fracture with 
luxation (N = 1)

0 0.0 0 0.0 1 100 1 100

Total: 137 77.8 30 17.0 12 6.8 39 22.2

aone tooth may have multiple complications.
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these studies compared to the present investigation might be the 
different inclusion criteria and an included patient population with 
ages ranging from 0– 86 years.9,12

It can be speculated that the reason for the increased biologi-
cal failure of teeth restored with a reattachment compared to com-
posite restorations might be the higher prevalence of complicated 
crown fractures in the group of reattachments. Without any doubt, 
fragments require a certain size to be found by the patient subse-
quent to the TDI and to enable the reattachment procedure for the 
dentist, increasing the probability for pulp involvement. However, 
owing to the limited number of included cases with a complicated 
crown fracture, a significant influence of the fracture type on the 
development of pulp necrosis was not established by the present 
study. Nevertheless, when viewing the data in this context, notable 
trends for the association between pulp involvement and subse-
quent pulp necrosis can be observed (Table 3).

Despite the lower survival probability of reattachments observed 
in the present study, this finding should be carefully interpreted as 
many factors which could not be identified from the available data 
may influence the success of the reattachment procedure. Due to its 
minimal invasiveness and aesthetics, it should still be considered as 
a reliable short- term option.6

In the univariate analysis, the survival of both restoration 
types depended on several variables (Table 1). In the Cox regres-
sion model, only the lower jaw and an additional luxation injury 
remained significantly associated with the survival of composite 
restorations. Another traumatic injury was one of the main rea-
sons for restoration loss.15,31 As maxillary incisors are the most 
common teeth affected by TDI, these teeth are also exposed to 
a higher risk for a second injury than mandibular teeth.9,12,13,32 
Furthermore, maxillary incisors are subjected to off- axial loads 
which might result in a higher failure susceptibility. Consistent 
with the literature, the second significant variable associated with 
failure was a concomitant luxation injury.9,15,32 These teeth are 
more prone to pulp necrosis because of the compromised blood 
supply to the pulp after luxation which results in a reduced capac-
ity to prevent bacterial invasion.33

In general, the present study reported a reduced restorative 
survival rate for composite restorations compared to previous 

TA B L E  4  Overview of the periods until restorative or biological failure occurred with regard to the restoration type

Restorative treatment Time (years)

Restorative failure Biological failure

N % Cum. % N % Cum. %

Reattachment (N = 59) < 0.5 10 47.6 47.6 3 33.3 33.3

0.5– 1.0 4 19.0 66.6 2 22.2 55.5

1.1– 1.5 1 4.8 71.4 1 11.1 66.6

1.6– 2.0 – – – 0 – – 

> 2.0 6 28.6 100 3 33.3 100.0

Total: 21 100 100 9 100 100

Composite restorations (N = 176) < 0.5 5 16.7 16.7 2 16.7 16.7

0.5– 1.0 7 23.3 40.0 3 25.0 41.7

1.1– 1.5 2 6.7 46.7 1 8.3 50.0

1.6– 2.0 5 16.7 63.4 2 16.7 66.7

> 2.0 11 36.6 100 4 33.3 100

Total: 30 100 100 12 100 100

F I G U R E  1  Kaplan– Meier survival plots over 5 years for different 
failure levels (all complications, biological failures only, restorative 
failures only). p- Values from log- rank tests. Both 2- year and 5- year 
mean annual failure rates (mAFR) are displayed for each failure 
level.
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published data.34,35 The reason why teeth receive composite res-
torations seems to have an influence on the success of the resto-
ration. Whereas one study on traumatized teeth stated a high rate 
of replacements (87%) within the first 5 years after restoration,8 the 
survival of composite build- ups of healthy teeth (including situations 
with large surface areas: recontouring of teeth, closing of diastemas) 
exhibited a 5- year survival rate of 84.6%.34

Another relevant aspect regards the time point when endodon-
tic or restorative failure may occur. Of all documented endodontic 
failures, 55.5% and 41.7% occurred within the first year for reat-
tachments and composite restorations, respectively. A study that 
assessed the longevity of reattachments and composite restorations 
with regard to the type of fracture and a concomitant luxation injury 
reported percentages between 64.3% and 89.5% of all endodonti-
cally failed cases within the first year.9 These values and the results 
from the present study emphasize the necessity of follow- ups at 
quarterly intervals for the first 2 years after traumatic crown frac-
ture. Regarding the loss of the restoration, 66.6% and 40.0% of all 
reported restorative failures occurred within the first year for the 
reattachments and composite restorations, respectively. These 
percentages are even lower than reported by a similar study eval-
uating the longevity of reattachments with respect to the type of 
fracture.12

The strength of the present investigation is the detailed anal-
ysis of data including multiple variables observed from the dental 
records. Furthermore, all included patients were treated from the 
beginning of the year 2000, indicating that treatments were carried 
out based on the current clinical guidelines.36– 38 The results from 
the survival analyses provide valuable information about the prog-
nosis of complicated and uncomplicated crown fractures with re-
spect to the restoration type.

Some limitations of this retrospective study are related to the 
study design. First, the information was collected from digital 
and paper- based records, radiographs and trauma documentation 
sheets. Therefore, completeness of the documentation could not 
be assured and resulted in exclusion of certain cases. Furthermore, 
despite the published clinical guidelines, different diagnostic and 
treatment decisions might have been made due to different levels 
of experience and skills of dentists working in the Department of 
Preventive Dentistry, Periodontology and Cariology. Second, with 
a mean observation time of 1.6 years, this study provides mid- term 
clinical information compared to previously published studies.8,39 
Several patients might have asked other dentists in private prac-
tices to perform the monitoring after TDI without the authors' 
knowledge. Therefore, these cases were lost to follow- up, resulting 
in a decreased number of patients over an increasing observation 
time.

5  |  CONCLUSION

Restorative and biological failures were more frequently detected 
in case of reattached fragments compared to direct composite 

restorations. Both failures should be considered as a frequent com-
plication after restoration of crown- fractured teeth. Pulp necrosis 
with infection is more likely to occur in cases with a concomitant 
luxation injury. For both restoration types, most complications oc-
curred within the first 24 months after the trauma, which highlights 
the necessity of regular and short follow- up intervals throughout 
the first 2 years.
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