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Abstract

Background/ Aims: Tooth auto-transplantation is a treatment option which is often not
considered to replace anterior maxillary incisors in children and adolescents. There are
multiple prognostic factors that may influence the outcomes of premolar auto-transplantation
but there is limited evidence from human studies. The aim of this study was to report the
outcomes of auto-transplanted premolars in the anterior maxilla following traumatic dental
injuries (TDI) and to identify their prognostic factors.

Materials and Methods: The clinical records of patients who had premolars transplanted in
the anterior maxilla following TDI, with appropriate radiographs and a minimal of one year
follow up, were reviewed retrospectively. A specific data extraction form was developed,
tested, and used to collect information for the prognostic factors and outcomes.

Results: The cohort included 120 patients with 144 auto-transplanted premolars. The mean
age was 12.2 years (+ 2.0), and the mean observation period was 3.7 years (+ 1.8). The
success rate was 80% and the survival rate was 93%. Unfavourable outcomes included
external replacement resorption in 12.5%, uncontrolled external inflammatory resorption in
2.7% and both resorption types in 4.9% of teeth. Periodontal healing was significantly
associated with donor tooth root maturity, graft handling at the time of surgery including ease
of donor tooth extraction and placement at the recipient sites, recipient site alveolar bone
status and post-operative transplant mobility. Seventy four teeth (53.4%) were immature at
the time of transplantation where pulp revascularisation was anticipated and 52 (70%) of
those had radiographic and clinical signs of pulp healing. Pulp healing was significantly
related to donor tooth eruption stage, ease of extraction of donor tooth and ease of
placement in the recipient site.

Conclusions: Good outcomes were observed for premolar teeth auto-transplanted in the
anterior maxilla. The main prognostic factors were ease extraction of donor tooth and ease

of placement in the recipient sites and donor tooth root maturity.
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1| INTRODUCTION

Tooth auto-transplantation is where a tooth is extracted and transplanted to another site within
the same individual." Over the years, there have been significant improvements in the
understanding of post operative healing and surgical techniques, making this a potentially
more predictable treatment option especially for a young population, albeit not a widely used
one. Worldwide, its popularity has been seen almost exclusively in developed countries and
particularly in Scandinavian countries, Belgium, Japan and the UK.2® Despite relative

popularity in these countries, many clinicians are unaware of this treatment option.®

Although dental implants are now widely used, auto-transplantation is a biologic option,
especially during the period of growth and development. It can provide functional adaptation,
alveolar ridge preservation and continuous induction of alveolar bone, periodontium and
gingiva at the recipient sites.®'® Following a successful procedure, the auto-transplanted teeth
regain their proprioceptive function and normal periodontal ligament function within the
growing dental arch.' '° As auto-transplantation is usually undertaken in patients who have a
malocclusion, transplanted teeth which heal with a normal periodontium, can undergo
orthodontic tooth movement in contrast to dental implants which osseointegrated with the
bone.'? Previous studies have also reported that auto-transplantation can provide good
aesthetics by maintaining the attached keratinized gingiva and they are cost effective'®'®,
although there is little literature that has explored the long term aesthetics of auto-transplanted
teeth.'® Placing auto-transplants in the anterior maxillary region following traumatic dental
injuries can be difficult especially in cases with alveolar bone atrophy.'® In addition, placing a
single transplanted tooth next to the adjacent teeth is especially challenging as masking the
transplanted premolar requires careful aesthetic management, due to the premolar crowns

being narrower at the gingival third and more rounded labially.'



Few studies have reported the success rate of premolar auto-transplantation in the anterior
maxilla following TDI. Most studies in the literature have reported between 12 to 45 cases,
with success rates between 70-100% and follow up periods of 1- 41 years.2>% Like any
treatment option, auto-transplantation can have complications, that can lead to failure and
tooth loss, such as external replacement resorption, uncontrolled external inflammatory
resorption and alveolar bone loss.?” Understanding what pre-, peri- and post-operative factors
are associated with successful and unsuccessful outcomes is critical and can help to improve

success rates.

The aims of this retrospective study were:

e To evaluate the outcomes of premolar auto-transplantation in the anterior maxilla,
following traumatic dental injuries for children and adolescents.
e To identify the prognostic clinical and radiographic factors that were associated with

the periodontal and pulp healing outcomes of the auto-transplanted premolars.

2 | MATERIALS AND METHODS
Ethical approval was obtained from the Northwest - Greater Manchester East Research
Ethics Committee (16/NW/0155). The cohort study included clinical and radiographic records
for patients in whom premolar auto-transplants had been placed in the anterior maxilla were
reviewed retrospectively. Auto-transplantation procedures were undertaken between 2000
and 2019, with follow-up census date of February 2020. To be included in the cohort, the
records needed to have appropriate periapical radiographs for both the donor and recipient
sites as well as clinical and radiographic records for a minimum of one year follow up after

tooth auto-transplantation.

A specific data extraction form was used to collect the patient’s demographic details and the
diagnostic, clinical and treatment factors that were recorded in the clinical notes. These are

shown in Table 1.



The outcomes of the auto-transplanted teeth were assessed based on both clinical and
radiographic examinations at the last review visit. Periodontal healing was considered to be
favourable clinically if there was normal tooth mobility, no tenderness on percussion and
normal percussion sound. In addition, radiographic examination revealed evidence of intact
root surface, normal periodontal tissues including continuous periodontal ligament space and
intact lamina dura. External inflammatory (infection-related) resorption that was treated
effectively (e.g., no further progressive resorption) or external surface (repair-related)
resorption. However, presence of pathologic mobility or high percussion sound suggestive of
ankylosis during clinical examination were considered to be unfavourable healing. In addition,
radiographic evidence of widening of the periodontal ligament space, loss of lamina dura and

presence of external replacement resorption and ankylosis.

Pulp healing was considered to be favourable clinically if there was positive response to
sensibility tests (cold spray and electric pulp test) and absence of pathological signs (abscess,
draining sinus) or symptoms (pain and history of irreversible pulpitis). If a negative sensibility
response was recorded but no other signs or symptoms suggesting pulp necrosis were
present, the pulp was considered to have healed favourably. In addition, presence of partial
or complete pulp canal calcification according to Jacobsen and Kerekes classification (1977)2,
or evidence of continued root development on radiographic examination. However,
unfavourable healing included clinical evidence of abscess and/or draining sinus, history of
pain suggesting irreversible pulpitis. In addition, radiographic examination showed presence
of periapical radiolucency or external inflammatory resorption and/or arrested root

development.

Pathological gingival changes in particular gingival recession had been recorded in the dental

notes by measuring the distance from gingival margin and the cemento-enamel junction of the



exposed root surface.?® Gingival healing was considered to have been favourable if normal
gingival colour, contour, shape, and consistency and absence of gingivitis were recorded in

the notes.

The following criteria were used to determine survival and success at the time of assessment
according to previous tooth auto-transplantation literature.® 3%3! The survival criterion was the
auto-transplanted tooth was present in the mouth at the last review appointment. The success
criteria were favourable clinical and radiographic pulp and periodontal healing, and successful
endodontic outcomes for those transplanted teeth that had completed root development at the
time of transplantation, or those teeth with incomplete root development where the pulp that

had become necrotic and infected.

The data was entered into SPSS (Statistical Package for the Social Sciences- version 27,
SPSS Inc, Chicago, USA) for data analysis. Descriptive statistics were followed up with subject
level analysis in cases where two teeth had been transplanted in the same patient, with one
transplant randomly selected for analysis. Univariate analysis including Chi-square or Fisher’s
Exact tests were used to examine the association between the prognostic factors and the
outcomes for pulp healing and periodontal healing. To examine which prognostic factors had
the strongest association with the outcomes, multivariate binary logistic regression analysis
was undertaken, and statistical regression models were built for the outcomes of periodontal
healing and pulp healing. Only the prognostic factors that had statistical significance in the

univariate analysis were included in the regression models.

3 | RESULTS
A total of 120 patient records were identified, and 24 of those cases had two teeth auto-
transplanted. Therefore, the total number of auto-transplanted teeth was 144. The mean age

at auto-transplantation was 12.2 years (+ 2 years) with a range of 9-20 years. The mean



observation period was 3.7 years (+ 1.8 years), with a range of 1-10.4 years. All the donor
teeth in this cohort were premolars and were transplanted by paediatric dentists in the
anterior maxillary area following a TDI. The TDI’s that had led to tooth loss and for which
auto-transplantation had been carried out included avulsions (n=84), intrusions (n=23), root
fractures (n=12), complicated crown-root fractures (n=10), extrusions (n=8) and lateral

luxations (n=7).

Table 2 shows the various tooth and treatment related factors recorded for each auto-
transplanted tooth. The majority of the auto-transplanted teeth were stabilised with a
Titanium Trauma Splint (Medartis AG, Basel, Switzerland). The mean duration of the

stabilisation period was 11.5 days (+ 3.5 days).

Twenty nine auto-transplanted teeth (20%) had unfavourable periodontal healing. This was
recorded as being due to external replacement resorption in 18 cases (12.5%), uncontrolled
external inflammatory resorption in four (2.7%), and both types of resorption types in seven

(4.9%) cases.

Ninety two auto-transplanted teeth (62.9%) required endodontic treatment. Of these, 70
(48.6%) had completed root development at the time of the surgery and elective pulp
extirpation was initiated post-operatively. Of the total sample of 74 teeth with incomplete root
development at the time of the procedure, 22 (29.7%) required endodontic treatment with 52
(70.3%) demonstrating pulp healing. Figure 1 shows the progression of donor tooth apical
maturity at three different time points including at the time of the surgery, 12-months and at

the last review.

All auto-transplanted teeth that had continued root development had varying degrees of pulp
canal calcification 32 (61.5%) had partial pulp canal calcification and 20 (38.4%) had

complete pulp canal calcification based on radiographic appearance.



One hundred and seven (74.3%) auto-transplanted teeth had healthy gingiva. However, 28
(19.4%) had gingivitis, 4 (2.7%) had gingival recession and 5 (3.4%) had both gingivitis and

gingival recession.

Regarding the success and survival rates, 80% of the auto-transplanted teeth were considered
to meet the criteria for success but 93% met the criteria for survival. Ten auto-transplanted

teeth had been extracted due to reasons of either infection or severe resorption.

Univariate analysis was conducted to examine the association between the prognostic
factors, periodontal healing and pulp healing outcomes (Table 1). The analysis was carried
out at a subject level. For subjects receiving two transplants, one was randomly selected and
included in the analysis. Therefore, the following univariate and regression models are

based on 120 transplanted teeth.

The variables with a significant relationship to periodontal healing are shown in Table 3.
These variables included: donor tooth eruption stage at surgery, donor tooth stage of apical
maturity, donor tooth root length, recipient site alveolar bone status, graft handling and
placement at the recipient, socket preparation at recipient sites, type of socket preparation,

degree of transplant mobility following splint removal and reasons for root canal treatment.

Pulp revascularisation was expected to occur in 63 auto-transplanted teeth buy only
occurred in 46 teeth. The following variables were significantly associated with pulpal
revascularisation: donor tooth eruption stage, graft handling and placement at the recipient

site and alveolar bone status at the recipient sites (Table 4).

The relationship between the significant factors and the outcomes of periodontal healing and

pulp healing were examined by building binomial logistic (multi-variate) regression models.



Only factors that were significant in the univariate analysis were included in further analysis.
For periodontal healing, a binomial logistic regression was performed to ascertain the effects
of donor tooth apical maturity, recipient site alveolar bone status, ease of extraction of the
donor tooth, recipient site socket preparation, ease of placement of the donor tooth at the
recipient site, transplant mobility following splint removal and reasons for endodontic
treatment on the likelihood that auto-transplanted teeth had unfavourable periodontal
healing. A high collinearity relationship was found among donor tooth root length, donor
tooth eruption stage and donor tooth stage of root development. Therefore, only donor tooth
apical maturity was included in the regression model. In addition, collinearity was found to be
high between socket preparation and type of socket preparation. Therefore, only socket
preparation was included in the regression model. The explained variation in the dependent
variable in this model was 70.3% according to Nagelkerke R Square. Of the seven variables,

five were statistically significantly related to periodontal healing as shown in Table 5.

Donor teeth with divergent apical walls had 0.015 (95% CI, 0.000- 0.925) lower odds to exhibit
unfavourable periodontal healing than completely developed roots. In addition, recipient sites
with sufficient bone levels had 0.006 (95% Cl, 0.000- 0.632) lower odds to exhibit unfavourable
periodontal healing compared with sites with deficient bone. In addition, ease of extraction of
the donor tooth (OR=0.023 with 95% ClI, 0.002- 0. 401), ease of placement of the donor tooth
at the recipient site (OR=0.034 with 95% CI, 0.001- 0. 543) and normal to grade | mobility
following splint removal (OR= 0.148 with 95% CI, 0. 024 — 0. 901) were associated with a

decreased likelihood of unfavourable periodontal healing.

For pulp healing, the analysis was performed to ascertain the effects of donor tooth eruption
stage, ease of extraction of the donor tooth, ease of placement of the donor tooth at recipient
site and recipient site alveolar bone status on the likelihood that auto-transplanted teeth had

pulp necrosis. No collinearity was found among the covariates. The explained variation in the
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dependent variable in this model was 62.4% according to Nagelkerke R Square. Of the four

predictor variables, three were statistically significant as shown in Table 6.

Partially erupted donor teeth had 0.048 (95% CI, 0.004 — 0.466) lower odds of exhibiting
pulp necrosis than fully erupted donor teeth. In addition, donor teeth with easy extraction
(OR=0.037 with 95% ClI, 0.002 — 0.816) and easy placement at the recipient site (OR=0.086

with 95% ClI, 0.011 — 0.556) were associated with a decrease the likelihood of pulp necrosis.

Both validity and reliability for this study were assessed. For validity, 10% of the cases (n=14)
were randomly selected to examine inter-examiner agreement. The radiographs were
assessed by both a consultant radiologist and the chief investigator (AA) separately. This
exercise was undertaken two weeks after the original data collection. Kappa score for inter-
examiner agreement was 0.90 which suggests ‘almost perfect agreement’.

For reliability, 10% of the cases (n=14) were randomly selected to examine intra-examiner
agreement. A specific feature of SPSS version 27 software was used to randomly identify
these cases. The chief investigator (AA) examined the dental records and radiographs at two
separate time points, four weeks apart. Kappa score for intra-examiner agreement was 1.0

which suggests ‘total agreement’.

4 | DISCUSSION
This is the largest reported cohort of auto-transplanted premolars in the anterior maxilla
following severe dentoalveolar injuries in children and adolescents during their period of
growth and development. One of the drawbacks of this study is that it is a single site study
and the collection of data depended on the accuracy of the dental records that were available
for each subject. The Centre in which this study was carried out is an established clinical unit
where auto-transplantation is carried out routinely, and record keeping is fairly standardised

for all patient records.
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The mean age of the patients at the auto-transplantation time was 12.2 + 2.0 years. This is
considered to be an ideal time for auto-transplantation of immature premolars prior to
completion of root development which happens around 13-14 years of age.*? Of the prognostic
factors evaluated, donor tooth eruption stage, and apical root maturity were the best predictors
for favourable pulp and periodontal healing. It has been reported that the stage of root
development is as significant as the eruption stage and these two variables were highly
correlated.®® Continued root development following auto-transplantation was obvious in stages
3 and 4 of the Moorrees et al. classification.* This is equivalent to divergent and parallel apical
walls which were recorded in this study. In addition, auto-transplanted teeth with open apices
had better periodontal healing compared with teeth with closed apices. This finding is

consistent with published data.3?

Pulp canal calcification is a normal and well accepted radiographic sign for pulp healing. It is
a result of connective tissue ingrowth into the pulp from the periapical tissues.3® 3¢ Fifty two
auto-transplanted teeth that had continued root development showed pulp canal calcification
in this study. This ranged from partial to complete calcification and the results are similar to
other results reported in the literature.35®8 |t is noteworthy that pulp revascularisation was
higher in donor teeth that were unerupted at the time they were transplanted, compared to
partially or fully erupted donor teeth. A possible explanation for that could be related to apical
root maturity as unerupted and partially erupted donor teeth have more immature root forms
than fully erupted donor teeth. A recent retrospective cohort study of 58 auto-transplanted
premolars in the Netherlands found that auto-transplanted teeth with wide open apices (>2

mm) had more root elongated compared to narrower apices.3

To ensure favourable pulp and periodontal healing for auto-transplanted teeth, minimal
trauma to Hertwig’s epithelial root sheath is essential during donor tooth extraction, socket
preparation and transplant placement at the recipient site.*® In the current study teeth that

reported to be relatively ease to extract and place had better periodontal and pulp-healing

12



than those recorded as being difficult. Therefore, it is important to ensure the preservation of
healthy and viable periodontal ligament cells on the transplanted root surface and extraction
technique should be as atraumatic as possible.'® % If unfavourable periodontal ligament
healing takes place, the risk of root resorption will increase.' In the present study although
both external replacement and inflammatory resorption were seen, the overall prevalence
was low and consistent with a published systematic review and meta analysis*' where the
rates of resorption were reported to be between 4.2-18% for replacement root resorption and

between 3-10% for external inflammatory resorption.

Repeatedly trying the graft for fit at the recipient site increases the extra-alveolar time.
Subsequently this would compromise periodontal healing as a result of increased trauma
and damage to the Hertwig's epithelial root sheath of the donor toot3® 42 43 plus it may
increase the risk of bacterial contamination which would jeopardise pulp healing.**
Therefore, to minimise these risks, it is essential to use surgical templates. A previous study
has reported the design and construction of surgical templates for premolar auto-
transplantation of 125 premolars.*> However, it is more common to use more modern

imaging and 3D printing to construct such templates.'”

Other important factors found to be associated with periodontal healing in the present study
were transplant mobility and recipient alveolar bone status. The majority of the auto-
transplanted teeth had grade | mobility following splint removal. Auto-transplanted teeth with
normal to grade | mobility at the time of splint removal had higher rates of periodontal
healing than those with grade Il and Il mobility. Most previous studies have reported normal
mobility following auto-transplantation.3': 3% 4647 The association between the mobility and
periodontal healing for auto-transplanted teeth at the time of splint removal has not been
previously studied. In this study, recipient site alveolar bone status was found (prior to or

during surgery) to be either sufficient or deficient. The recipient site alveolar bone status was
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significantly associated with periodontal healing, but no previously published association was

found.

Gingival healing was another evaluated outcome in the current study. Thirty three auto-
transplanted teeth had been recorded as having gingival recession. Although gingival
recession is irreversible and if it occurs in the anterior teeth would result in poor emergence
profile and subsequently poor aesthetics, no previous studies were found reporting this
outcome for premolars in the anterior maxilla. Data reported for transplanted canines shows
the prevalence of gingival recession was around 12%.% The causes of gingival recession can
be considered as multifactorial, related to the anatomy such as thin gingival biotype,
insufficient attached gingiva, presence of bone dehiscence at the recipient sites or failure to
position the auto-transplanted teeth within the gingival and bony pocket at the recipient site in
either the vertical or axial directions. In addition, it could be related to periodontal disease
leading to an exposure of the root surface.*® As most transplanted teeth in this study were
placed subsequent to tooth loss related to dental trauma, gingival recession in cases reported

in this cohort was probably due to the relatively limited bone at the recipient site.

In this retrospective study, the success and survival rates were evaluated based on the
criteria that were defined according to previous studies.®? 3" The success and survival rates

reported (80% and 93% respectively) are similar to those published in the literature.20-26

Although retrospective cohort studies are useful for evaluating prognostic factors, determining
the incidence and the causality of an exposure and measuring multiple outcomes in the same
exposure longitudinally®®, they are limited by some methodological weaknesses. Selection
bias is one example, as some participants may not return for regular review visits.!

In addition, the cohort study's retrospective design makes it reliant on the recorded data and

usually the recorded information was not gathered for research purposes. Consequently,
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some variables were not recorded in all cases, creating a potential information bias. Also, this
study was predisposed to misclassification bias as the data from dental notes that were
recorded by a variety of clinicians, including postgraduate students, registrars, and
consultants, with varying levels of clinical expertise. In addition, some variables and
confounders that might have higher influence on the outcome may not have been recorded at
all.’2 The unavailability of information on confounders could also have led to unknown and
unnoticed biases. However, the large sample included in this cohort has provided a robust
dataset to support statistical analysis. In addition, the centre where the study was carried out
is a well-established centre for auto-transplantation, and clinical record keeping is fairly
standardised. For the variables that were used to define success and survival most of the

required data had been recorded.

5| CONCLUSIONS
Premolar auto-transplantation in the anterior maxilla had good success and survival rates and
should be considered a viable biological option for tooth replacement in growing patients. Both
periodontal healing and pulp healing were highly influenced by graft handling during the
surgery including ease of extraction of the donor tooth and ease of placement at the recipient

sites. In addition, donor tooth root maturity.
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Table 1: Tooth and treatment related factors with potential to influence the outcome of auto-

transplantation (Prognostic factors)

Type Description
Patient demographics Age
Gender

Tooth related factors including
donor tooth and recipient site
characteristics

Donor tooth eruption stage: unerupted, partially
erupted and fully erupted.

Donor tooth stage of root development at auto-
transplantation time, including apical maturity that
was classified into closed apex and open apex
(divergent, parallel and convergent) according to
the Welbury classification (2002)%2.

Recipient site alveolar bone status: whether the
bone was sufficient or deficient. The height of the
alveolar bone was assessed using the pre-

operative radiographs.

Treatment factors including surgical

and post-surgical characteristics.

Ease of extraction of donor tooth.

Recipient site tooth socket preparation.

Ease of placement of donor tooth at recipient site.
Stabilization type and duration.

Use of antibiotics.

Tooth mobility following splint removal was
assessed based on Miller Classification (1950)%4.
Endodontic treatment including reasons for the
treatment, type of intra-canal medicament, and
time initiate endodontic treatment (e.g., duration
between date of auto-transplantation operation
and date of endodontic access)
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Table 2: Tooth and treatment related factors recorded for each auto-transplanted tooth

(n=144)
Prognostic factors Frequency | Percent
Tooth related | Donor tooth type Upper 2" premolars 82 56.9
factors Lower 2" premolars 46 31.9
Lower 15t premolars 9 6.3
Upper 13t premolars 7 4.9
Donor tooth eruption Unerupted 5 3.5
stage Partially erupted 26 18
Fully erupted 113 78
Donor tooth apical Divergent 36 25
maturity Parallel 18 12.5
Convergent 20 13.9
Complete 70 48.6
Donor tooth root length Two-third 36 25
Full length 108 75
Recipient site alveolar Sufficient 131 91
bone status Deficient 13 9
Treatment Ease of extraction of Easy 132 92
factors donor tooth Difficult 12 7
Recipient site socket From outline of the 90 62
preparation existing socket
Surgically prepared 11 16
sockets
Not recorded 38 26.4
Type of socket Hand Instruments 33 22.9
preparation Implant Bur kit 9 6.3
Both 51 35.4
Not recorded 51 35.4
Ease of placement of Easy 129 89.6
donor tooth Difficult 15 10.4
Splint type Titanium Trauma Splint | 138 96
(TTS)
Orthodontic wire with 6 4
composite
Antibiotics Pre- and post-operative | 52 43.3
Post-operative 7 5.8
None 16 13.3
Not recorded 45 37.5
Tooth mobility following Normal 5 3.5
splint removal Grade | 65 45.1
Grade I 19 13.2
Grade I 2 1.4
Not recorded 53 36.8
Reason for root canal Pulp necrosis 20 13.9
treatment Elective pulp extirpation | 70 48.6
N/A Revascularisation 52 36.1
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No RCT as there was 2 1.4
replacement resorption
Type of intra-canal Non-setting calcium 69 76.6
Medicament hydroxide
Ledermix® past 5 55
Both 10 11.1
None 6 6.6

N/A, not applicable. RCT, Root Canal Treatment.
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Table 3: Univariate analysis showing the significant prognostic factors associated with
periodontal healing for 120 subjects.

Variables (prognostic factors) Periodontal Healing P-value
Yes No
Donor tooth eruption stage
Unerupted 4 0 P <0.05
Partially erupted 21 1
Fully erupted 71 23
Donor tooth apical maturity
Divergent 29 3 P <0.05
Parallel 13 2
Convergent 14 1
Complete 40 18
Donor tooth root length
Two-third 29 2 P <0.05
Full length 67 22
Recipient site alveolar bone status
Sufficient 93 15 P < 0.001
Deficient 3 9
Ease of extraction of donor tooth
Easy 95 13 P < 0.001

Difficult 1 11

Ease of placement of donor tooth

Easy 91 14 P < 0.001
Difficult 5 10

Socket preparation

From outline of the existing socket 88 18 P < 0.001
Surgically prepared sockets 8 6

Type of socket preparation

Hand Instruments 27 3 P < 0.001
Implant Bur kit 3

Both 28 15

Tooth mobility following splint removal

Normal - Grade | 51 7 P <0.05

Grade Il 9 8

Grade lll 0 2

Reason for RCT

Pulp necrosis 12 2 P < 0.001

Elective pulp extirpation 40 18

N/A Revascularisation 44 2

No RCT as there was replacement 0 2

resorption

Subject level analysis (n=120) except type of socket preparation (n=79) and mobility (n=77)



Table 4: Univariate analysis for the significant prognostic factors associated with pulp
healing in 63 subjects where pulp healing could be expected.

Variables (prognostic factors) Pulp healing P-value
Yes No

Donor tooth eruption stage
Unerupted 4 0 P < 0.001
Partially erupted 21 2
Fully erupted 21 15
Ease of extraction of donor tooth
Easy 46 14 P <0.05
Difficult 0 3
Ease of placement of donor tooth
Easy 46 11 P <0.05
Difficult 0 6
Recipient site alveolar bone status
Sufficient 44 13 P <0.05
Deficient 2 4

Subiject level analysis (n=63)



Table 5: Periodontal healing binomial logistic regression model (multivariate analysis).

Covariates (prognostic factors) P-value | OR 95% CI
Lower Upper

DT Apical maturity 0.127

DT Apical maturity (divergent) 0.032 0.015 0.000 0.925

DT Apical maturity (parallel) 0.517 0.367 0.023 9.367

DT Apical maturity (convergent) 0.110 0.021 0.000 2.332
Reference was complete closed apex

DT ease of extraction (Easy) 0.011 0.023 0.002 0.401

*Reference was difficult

Recipient site alveolar bone status (sufficient) 0.002 0.006 0.000 0.632

*Reference was deficient

Socket preparation (From outline socket) 0.547 0.540 0.068 4.533

*Reference was surgically prepared

DT ease of placement (Easy) 0.010 0.034 0.001 0.543

*Reference was difficult

Mobility (Normal - Grade I) 0.031 0.148 0.024 0.901

*Reference was Grade II-11I

Reason for RCT 0.481

Reason for RCT (Pulp Necrosis) 0.480 3.711 0.073 172.822

*Reference was elective pulp extirpation

Constant 0.015 21419

ORs, Odds Ratio; Cl, Confidence Interval; DT, Donor Tooth, RCT, Root Canal Treatment.
Note: Predicted probability is of membership for No (unfavourable periodontal healing)
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Table 6: Pulp healing binomial logistic regression model (multivariate analysis).

Covariates (prognostic P-value OR 95% CI
factors) Lower Upper
DT Eruption Stage 0.023

DT Eruption Stage (unerupted) 0.265 0.0282 0.022 2.653
DT Eruption Stage (partially 0.022 0.048 0.004 0.466
erupted)

*Reference was fully erupted

DT ease of extraction (easy) 0.033 0.037 0.002 0.816
*Reference was difficult

Recipient site alveolar bone status | 0.144 0.360 0.084 1.442
(sufficient)

*Reference was deficient

DT ease of placement (easy) 0.021 0.086 0.011 0.556
*Reference was difficult

Constant 0.005 392.822

OR, Odds Ratio; Cl, Confidence Interval; DT, Donor Tooth.
Note: Predicted probability is of membership for No (No pulp healing = pulp necrosis)
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Figure 1: Donor tooth root development at three different time points (n=52)
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