Root length in transplanted premolars
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The objectives of the present prospective longitudinal study were to establish the survival and success rates
for premolars with partly developed roots transplanted according to a set protocol, and to analyze the
effect of varying pre-surgery root development on final root length. Standardized periapical radiographs of
132 consecutively transplanted premolars were obtained at predetermined intervals over a 4-year follow-
up period. Survival and success rates were calculated on the basis of presence of teeth and recording of
defined radiological variables, respectively. Final root length was compared to normative metric data for
root morphology. From the total sample, 54 patients with 68 transplanted premolars suitable for analysis of
root growth relative to initial root length were identified, and divided into subsamples according to root
length pre-transplantation. Survival rates were 100% after 1, 2, and 3 years, and 98.6% 4 years post-
transplantation. The success rates were 92.9%, 92.8%, 89%, and 90.5% in subsamples collected 1, 2, 3,
and 4 years after transplantation, respectively. The transplants obtained on average 78% of normative root
length, and by dichotomizing the transplanted teeth in subsamples with ‘short’ and ‘Tlong’ roots pre-
surgery, similar final root lengths were observed even if ‘short’ roots had the greatest increase. Very early
transplantation (roots <7 mm), however, tended to result in short final root length. It is concluded that the
success and survival rates were comparable to results obtained in similar studies. Initial root length was a
significant predictor of root length increase. Transplanting teeth with short roots is to risk short final root
length. [ Root growth; success rate; survival rate
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Today, autotransplantation of teeth is one of the
established treatment options available for growing
individuals with missing teeth due to aplasia, traumatic
loss, or other causes. A substantial number of articles on
transplantation from Scandinavian countries have been
published over the past 30 years (1-27). Only a few of
these, however, have addressed the development and
growth of the roots when immature teeth are transplanted
before root growth is completed (2, 6, 18). Usually some
increase in root length takes place, and it has been claimed
that root growth is dependent on the stage of root
development at the time of transplantation (2, 14). So far,
the effect on root growth when immature teeth are
transplanted at a very early stage compared to a late stage
of root development has not been documented. Further-
more, the time when the root completes its development
after transplantation has not been examined, and an
answer to this question will have an impact on prognostic
assessment and clinical protocols for post-surgery follow-
up.
The aim of the present study was 2-fold: 1) To estimate
the survival and success rates for transplantation of teeth
according to an established protocol for such treatment at
a university dental hospital with the purpose of providing
evidence-based advice in decisions about treatment. 2) To
analyse root development subsequent to transplantation in
order to provide data that may serve as a basis for timing
of transplantation and prognostic assessment post-trans-
plantation.
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Materials and methods

The material consisted of radiographs of all transplanted
teeth, a total of 153, transplanted at the Faculty of
Dentistry, University of Oslo during a predetermined
period around 1990. The sample comprised 1 incisor, 20
molars, and 132 premolars. The present study is based on
the premolar sample only. Since not all patients attended
every follow-up visit, the numbers of transplanted teeth
available for assessment of success and survival rates were
85, 70, 55, and 74 after 1, 2, 3, and 4 years, respectively.
Numbers of teeth excluded after 1, 2, 3, and 4 years were
47, 62, 77, and 38, respectively, when teeth with missing
data were excluded. The reasons for exclusion from the
total sample of 132 transplanted premolars were because
of non-compliance, missed appointments or patients
moving from the area, missing and/or inadequate
periapical radiographs at the different observation periods.
The operations were performed at the Department of
Maxillofacial Surgery and Oral Medicine. The teeth were
transplanted according to a protocol described by
Slagsvold & Bjercke (1). The donor teeth were placed
out of occlusion in a normal position (no rotation) at the
recipient site.

Periapical radiographs of the transplants were obtained
at the Department of Maxillofacial Radiology according to
a protocol established for the follow-up of transplanted
teeth (Fig. 1). In order to obtain identical radiographs from
each session, an impression of the occlusal area of the teeth
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Fig. 1. Serial radiographs of upper second premolar transplanted to lower second premolar position obtained at various intervals

postoperatively.

adjacent to the recipient area was made pre-operatively.
This device was stored and used on every subsequent
radiographic examination. The survival rate was calcu-
lated from the number of teeth present at the different
time intervals after transplantation in relation to the total
number of transplants at risk at that interval. The
definition of success was based on the absence of the
following sequela to the transplants as seen in radiographs:
(a) sign of ankylosis, (b) root resorption, (c) evident
pathology, and (d) short root (intra-bony root shorter than
the crown) (24).

Final root lengts were assessed relative to normative
data for the population (28). For the analysis of the
association between pre-transplantation root length and
root growth after transplantation, only premolars with
radiographs 1 week postoperatively and 4 years after
surgery were examined, and this subsample consisted of 68
premolars. For examination of root development, the
material was divided into 2 categories according to root
length at transplantation: Category I: ‘Dichotomized
subsample’ (34 transplants with the shortest roots
(<8.5 mm) compared to 34 transplants with longest roots
(>8.5 mm)). Category II: ‘Short versus long roots’ (com-
parison of roots <7mm (n=14) with roots >10 mm
(n=16) at transplantation).

Radiological examination

The periapical radiographs of the transplanted teeth
were mounted on transparent sheets and scanned into a
computer (Dell Precision 410, 126 Ram, 4.2 GB, P2
400 Mhz with a Trinitron 21" screen) with the aid of an
AGFA Duo Scan and an AGFA FotoLOOK 32 V.3.

During the scanning procedure, the sheets were stabilized
with adhesive tape. Calibration of the scanned radiographs
was performed at a dissolution of 150 PPI. The program

T

Fig. 2. Landmark used for root length measurements. The mesial and
distal radiographic cementoenamel junctions (1 and 2) and the mesial
and distal aspects of the radiographic root apex (3 and 4) are
connected. Root length L is measured from the midpoint of line 1-2
to the midpoint of line 3—4.
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Table 1. Survival and success rates for autotransplantation of partly developed premolars at the University of Oslo

Survival
No. of years after

Success

transplantation Total no. of teeth transplanted ~ No. of tecth present ~ Survival rate %  No of ‘healthy’ teeth  Success rates %
1 85 85 100 79 92.9
2 70 70 100 65 92.9
3 55 35 100 49 89
4 74 73 98.6 67 90.5
Table 2. Final root length and root length increase in relation to initial root length in a sample of transplanted premolars
Initial root length Final root length Mean
inmm (mean = s) inmm (mean = s) increase Paired ¢ test P value
Category 1
(Dichotomized sample)
root length <8.5 mm (n = 34) 72mm £ 1.1 11.2mm £ 2.3 4.0 mm t=—10.387 <0.001
root length >8.5 mm (n = 34) 104 mm=+ 1.5 11.9mm £ 2.1 1.5 mm t=-5.151 <0.001
Category 11
(Short vs long roots)
root length <7 mm (n = 14) 6.0 mm £ 0.6 10.2 mm £ 3.0 4.2 mm t=—6.281 <0.001
root length >10 mm (n = 16) 11.6mm £ 1.3 13.1mm=* 1.8 1.5 mm t=-3.322 <0.005

s = standard deviation.

used to measure the root lengths was Olympus Micro
Image version 3.0.00.00 for Windows 95/NT. The data
were saved and stored using Microsoft Excel 97.

Measurement of root lengths

Root length was defined as the distance from the
radiographic cementoenamel junction to the root apex
(Fig. 2). The root length was measured with the aid of a
measuring device incorporated in the Olympus Micro
Image version 3.0.00.00 for Windows 95/NT program
according to definition on intraoral radiographs. All the
measurements from the periapical radiographs were
obtained by the same examiner (SM). The first recording
of the root length was made on the first periapical
radiograph usually taken one week after the operation; the
second recording was made on the periapical radiograph
of the same tooth 4 years after the transplantation.

Measurement of reproducibility

A sample of 40 periapical radiographs was chosen at
random. Radiographs were excluded if the apex was
missing, if the cementoenamel junction was not visible, or
if the root growth was not completed. To be included as
one of the 40 radiographs, a neighboring tooth in which
the apex and cementoenamel junction could be precisely
identified had to be present. The measurement was made
from the cementoenamel junction to the middle of the
apical foramen, usually the mesial root of the first molar
and the mesial side of single rooted teeth. The measure-
ments were repeated twice within 6 weeks by the same
observer (SM). The errors were calculated according to

Dahlberg (29) and supplemented by the coefficient of
reliability (%) described by Houston (30). The measure-
ment errors of the root length estimated according to
Dabhlberg statistics and the coefficient of reliability were
0.25 and 89.6, respectively. Student’s ¢ test for paired
samples for evaluation of systematic error was 0.25 (P
value).

Statistical analysis

In addition to descriptive statistics, Student’s { tests were
performed to calculate P values for observed mean
differences. The calculations were carried out with the
aid of SPSS for Windows (release 10.0, SPSS, Inc.).

Error of the method

The mean of the difference between maximum and
minimum value of the measured distance was 6.8 mm.
The error of measurement was 0.58 mm and contributes
to about 8% of the total variation in reproducibility of the
radiographs. The intra-class correlation was high

(r=10.89).

Results

Survival and success rates are presented in Table 1. Root
growth appeared to abate after 1 year and only a slight
amount of root growth seemed to take place after that
time. Annual mean root length increases were 1.9, 0.6,
0.5, and 0.2 mm after 1, 2, 3, and 4 years, respectively. On
average, 78% root length was obtained when the premolar
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Table 3. Survival and success rates data in previous studies on autotransplantation of premolars

Observation period Age at follow-up No. of transplanted Survival rate Success rate

Study year (mean) (mean) premolars (%) (%)
Slagsvold & Bjercke (2) 3-13 (6.2) * 34 100 94
Kiristerson & Kvint (5) 1-11.5 (4 yr 4m) 10-64 (22.6) 52 * 80.8§ / 19.2]|
Kiristerson (6) 3-18 (6.3) * 100 93 *
Andreasen et al. (14) 1-13 (5) 9-31 317t / 53% 95t / 98% 90t / 60%
Lundberg & Isaksson (19) 6 m—6 yr (5) 15.31 / 32.8% 80t / 9% * 95t / 90%
Present study 4 6.5-20 (12.3) 68t 98.6 90.5

* Not stated; Transplants with open apex T / closed apex f; Root development stage I-III § / stage IV-V]| .

Table 4. Results from some studies examining root development after autotransplantation

Andreassen et al. (14)

Lundberg & Isaksson (19)

Paulsen et al. (18) Present study

Go on unimpeded 21%
Impaired 65%
Arrested 14%

3% 26% 19.1%
78% 55% 54.4%
19% 19% 26.5%

transplants were compared to normative data for premolar
root lengths. In 19.1% of the transplants, root growth went
on unimpeded, in 54.4% the growth was impaired, and in
26.5% growth was arrested. In the dichotomized sub-
sample (Category I), the transplants which initially had the
shortest roots (<8.5 mm) had a greater increase (4.0 mm)
compared to the long roots (>8.5 mm), which increased on
average by 1.5 mm after transplantation (P < 0.01). The
final root length, however, was similar for both samples at
4 years follow-up (about 11.5 mm) (Table 2). When the
subdivision in samples with a substantial difference in
initial root length was made (Category II), the transplants
which had long roots at transplantation were on average
3 mm longer after 4 years compared to teeth transplanted
with short roots even if the short roots had a greater
increase (4.2 versus 1.5 mm) (P < 0.05) (Table 2).

Discussion

The present longitudinal material is an opportunity to
observe postoperative changes in transplanted teeth on the
condition that measurements are reliable. Measurements
on radiographs may be subject to variation caused by
radiographic projection errors occurring during the
recording procedure, errors related to the measuring
process and errors in the landmark identification (30).
Variation in the measurements arises from a combination
of these three sources of errors. In the present study, the
variation was within acceptable limits (below 0.6 mm), and
thus the results of the study appear to be reliable.

As the transplants were transplanted in a non-rotated
position, with no need for later orthodontic correction,
positional changes of the transplants did not affect root
length measurements. The reduced number of teeth in the

study sample because of exclusion criteria and drop-out of
patients is a weakness of the study.

The survival rate in the present study is comparable to
figures from similar studies (Table 3). A study by
Czochrowska et al. (27) reported a survival rate of 90%
and a success rate of 79% in a sample of transplanted
teeth, mainly premolars, after a mean observation time of
26.4 years (range 17-41 years) transplanted by a single
operator. The future prognosis for the transplanted
premolars in the present study seems promising in the
light of these results. The various definitions of success in
different studies imply that reservations have to be made in
the comparison of results (Table 3). The general observa-
tion, however, is that surviving teeth are without iatrogenic
changes.

Assessment of final root length has been made in other
transplantation studies (2, 6, 14, 23). In the present study,
the definition of impaired root growth was adapted from
Andreasen et al. (14), and figures for unimpeded,
mmpaired, and arrested root growth are comparable to
results obtained by others (Table 4). Slagsvold & Bjercke
(2) observed that final root length was only 10% shorter
compared to i situ contralateral teeth, and similar studies
support these findings (6, 14). The present findings that
transplanted premolars attained 52-91% of normative
root length is similar to the 58-98% attainment of
expected root length reported by Andreasen et al. (14).
In the present study, only limited root growth was
observed after the first year, which is in agreement with
findings from another study (25).

Initial root length was a significant predictor of root
length increase as roots that were short initially had the
greatest increase. In general, however, this had only
limited effect on final root lengths. Accordingly, there may
be a range of 8-10mm in root length during which
transplantation can be scheduled without the apparent risk
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of deleterious effects on final root lengths. Transplantation
of teeth with roots shorter than 6-7 mm, however,
increases the risk for short roots long term. Protocols for
referral of patients for transplantation should therefore
include measurements of root length to ensure optimal
timing.
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