Review article

ISSN 2234-7658 (print) / ISSN 2234-7666 (online)
http://dx.doi.org/10.5395/rde.2013.38.2.59

RUE

Restorative Dentistry & Endodontics

Does apical root resection in endodontic microsurgery
jeopardize the prosthodontic prognosis?

Sin-Yeon Cho,
Euiseong Kim*

Microscope Center, Department of
Conservative Dentistry and Oral
Science Research Center, Yonsei
University College of Dentistry,
Seoul, Korea

Received December 10, 2012;
Revised March 7, 2013;
Accepted March 20, 2013.

Cho SY; Kim E, Microscope Center,
Department of Conservative
Dentistry and Oral Science Research
Center, Yonsei University College of
Dentistry, Seoul, Korea
*Correspondence to

Euiseong Kim, DDS, MSD, PhD.
Professor, Microscope Center,
Department of Conservative
Dentistry and Oral Science Research
Center, Yonsei University College of
Dentistry, 50 Yonsei-ro, Seodaemun-
gu, Seoul, Korea 120-752

TEL, +82-2-2228-3145; FAX, +82-2-
313-7575; E-mail, andyendo@yuhs.
ac

Apical surgery cuts off the apical root and the crown-to-root ratio becomes unfavorable.
Crown-to-root ratio has been applied to periodontally compromised teeth. Apical root
resection is a different matter from periodontal bone loss. The purpose of this paper is
to review the validity of crown-to-root ratio in the apically resected teeth. Most roots
have conical shape and the root surface area of coronal part is wider than apical part
of the same length. Therefore loss of alveolar bone support from apical resection is
much less than its linear length.The maximum stress from mastication concentrates on
the cervical area and the minimum stress was found on the apical 1/3 area. Therefore
apical root resection is not so harmful as periodontal bone loss. Osteotomy for apical
resection reduces longitudinal width of the buccal bone and increases the risk of
endo-perio communication which leads to failure. Endodontic microsurgery is able to
realize 0 degree or shallow bevel and precise length of root resection, and minimize
the longitudinal width of osteotomy. The crown-to-root ratio is not valid in evaluating
the prosthodontic prognosis of the apically resected teeth. Accurate execution of
endodontic microsurgery to preserve the buccal bone is essential to avoid endo-perio
communication. (Restor Dent Endod 2013;38(2):59-64)
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Introduction

Abutment evaluation is mandatory before any dental treatments although we
are often unaware of its significance on favorable abutment teeth. There are many
predictors for abutment longevity such as mobility, alveolar bone support, root
configuration, opposing occlusion, pulpal condition and remaining tooth structure."”
Assessment of abutment is a comprehensive process which considers these predictors
integrally. Among them alveolar bone support is the most important factor to predict
prosthodontic prognosis of a tooth and has been properly evaluated by crown-to-
root ratio.”® Many studies about the prosthodontic impact of the crown-to-root ratio
investigated periodontally compromised teeth, because the most common cause of
increased crown-to-root ratio was periodontitis.'®" The crown-to-root ratio has been
popularly used to evaluate the teeth with periodontal bone loss as a prosthodontic
abutment.™

Apical surgery is a promising procedure to resolve periapical pathosis that are
related to a periapical cyst, a complex canal anatomy, extraradicular infection, an
inadequate healing after nonsurgical retreatment and its success rate is very high
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with microsurgical instrument and technique.”'® One of
a few demerits of apical surgery is the fact that it cuts
off the apical part of root and shortens the root portion.
Therefore, the crown-to-root ratio of the tooth becomes
more unfavorable.

For the tooth with periapical pathosis problem only,
its crown-to-root ratio is not a matter of concern. But
we sometimes encounter teeth where the crown-to-root
ratio is expected to be questionable or poor after apical
surgery, such as teeth with short roots or teeth that need
large resections due to perforations, resorptions and the
other problems (Figures 1a - 1d). The teeth in Figures
la - 1c showed apical root resorption due to trauma
and inflammation. The Figure 1d shows the tooth with
a shortened root due to root fracture. In this situation
we used to consider crown-to-root ratio of the teeth for
prosthodontic evaluation and obviously these teeth are
going to show very poor crown-to-root ratio after apical
surgery. Therefore it is reasonable that we expect poor
prognosis of these cases.

Apical root resection is a different matter from
periodontal bone loss notwithstanding the fact that both
increase crown-to-root ratio. Is it appropriate to evaluate
apically resected teeth with the standard of crown-to-root
ratio for periodontally compromised teeth? The purpose
of this study is to review the validity of the standard of
crown-to-root ratio in the apically resected teeth.
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Different points of apically resected teeth from
periodontally involved teeth

1) Total supported root surface

Crown-to-root ratio is calculated from only 1-dimensional
linear measurements and is not directly proportional to
3-dimensional alveolar bone support. Total supported root
surface area is more appropriate parameter to evaluate
alveolar bone support.”’ Ante’s law is calculated based
on periodontal membrane area of abutment teeth so very
similar to total supported root surface.' In Leempoel’s
study, 1451 bridges constructed according to Ante’s law
showed significantly higher survival rate than 223 bridges
that did not meet this law.”” On the contrary, Fayyad and
Al-Rafee showed that 57% of bridges did not meet the
Ante’s law but all bridges had functioned properly for 8 -
11 years.”

Most roots have conical shape and the root surface area
of the coronal part is wider than the apical part of the
same length. Root surface area of coronal half occupies
61.5% and apical half 38.5% of total root surface area.”
Supposing a tooth with the root of 14 mm length as an
example, the root surface area of coronal 3 mm is eight
times wider than that of apical 3 mm. Moreover, molars
have root trunk portion which shows wider surface area

Figure 1. Pre-operative radiographs of 4 cases in which crown-to-root ratios were expected to be poor after apical
surgery. (a) The patient was referred from a local clinic for apical surgery of tooth #11 due to failure of negotiation in
2008. The tooth had a history of trauma in 2000 and showed 4 to 6 mm apical root resorption; (b) Non-surgical root
canal treatment of #21 was incompletely finished due to canal calcification. Two months later sinus tract recurred and
the tooth was planned to take apical surgery. The apical root was shortened due to inflammation; (c) The patient was
referred from the department of pediatric dentistry for increased apical lesion of tooth #12. The tooth had a history of
intrusive luxation in 2000 and received non-surgical root canal treatment in 2001. Apical root resorption with apical
lesion was observed and lateral perforation was suspected; (d) The patient was referred from a local clinic for proper
treatment of tooth #12 in 2002. Horizontal root fracture was seen and apical surgery with removal of the fractured apical

root was planned.
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than just conical root portion. Root trunk area averaged
32% of the total root surface area of Maxillary first molar
and was greater than the root surface area of palatal root.”
On these teeth loss of apical root is less significant for
alveolar bone support.

Loss of alveolar bone support from apical resection is
much less compared to the loss of its linear length.

2) Stress distribution

Masticatory forces are transmitted to the tooth and the
degree of the stresses of the tooth varies according the site
of the teeth. Dejak et al. analyzed stress distribution of
tooth under mastication using finite element analysis.”> He
created 2-dimensional tooth model and simulated chewing
4 morsels with different elastic moduli. And values of
stresses were calculated during simulation. The result was
that the maximum stresses were shown on the cervical area
from 18.5 - 87.3 MPa and the minimum stresses were found
on the apical 1/3 area below 1/10 of maximum stresses in
all the simulations.”” Many studies of dental implant show
similar tendency to stress distribution on natural teeth.
The stress on coronal thread was the highest and gradually
decreased to apical thread.*** The dental implants with 3.3
(diameter) X 8.5 (length) and 3.3 (diameter) X 15.0 (length)
showed very similar stress curve. That means apical portion
of long implant does not contribute to abutment support.”

Cervical bone support is the most important to sustain
the stresses from occlusal load. Therefore periodontal
bone loss is detrimental to prognosis of abutment tooth.
On the contrary, apical root resection is not so harmful
as periodontal bone loss because its contribution to bone
support was originally low.

Prosthodontic prognosis of apically resected tooth

Similar clinical situations

1) Horizontal root fracture

Horizontal root fracture is very similar to apical root
resection because the apical part of the fractured root does
not contribute to support the tooth. Cvek et al. reported
the prognosis of teeth with intra-alveolar root fracture.?
He investigated 285 teeth with horizontal root fracture at
middle 1/3. Among them 249 teeth survived and 36 teeth
failed. The twenty three teeth were extracted within 50
days due to failure of initial stabilization and 13 teeth were
extracted due to endodontic failure.”® Interesting point
is that no teeth failed due to the loosening of coronal
fragment. Considering the quite long-term follow up period
of this study (mean = 65 months), coronal root portion is
thought to be sufficient to support the tooth (Figure 2).

2) Apical root resorption

Apical root resorption occurring during orthodontic
treatment results in shortened root similar to apical
resection. It is a fearful situation to orthodontists but
actually does not seriously jeopardize the longevity of the
tooth. One long-term clinical study which observed 100
patients for average 14.1 years found that even severely
resorbed teeth were functioning in a reasonable manner
with hypermobility observed in only two patients.” The
reason for this result can be explained by Kalkwarf's study
using computer-aided calculation of remaining periodontal
attachment area of virtually resorbed root, in which
approximately 3 mm of loss of apical support had been
found to be equivalent to 1 mm of crestal bone loss (Figure
3).28

Figure 2. 6-year follow up case of horizontal root fracture. (a) Horizontal root fractures were found on teeth #11 and #21
at the first visit in 2006; (b) The tooth #11 became necrotic and received non-surgical root canal therapy in 2007; (c)
3-year follow up radiograph in 2009; (d) 6-year follow up radiograph in 2012.
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Figure 3. 8-year follow up case of apical root resorption due to orthodontic treatment. (a) Radiograph before orthodontic
treatment in 2004; (b) Radiograph just after orthodontic treatment in 2006; (c) 5-year follow up radiograph; (d) 8-year

follow up radiograph.

Figure 4. Failure case due to endo-perio communication. (a) Pre-operative radiograph showing apical lesion of mesial
root and furcation bone loss on tooth #36; (b) Clinical photo after apical root resection showing very narrow buccal bone
plate due to furcation bone loss and osteotomy for apical surgery; (c) Post-operative radiograph; (d) 3-month follow up
radiograph showing increased apical to furcal bone loss; (e) 5-month follow up radiograph showing complete bone loss of

apex to furcation.

Failure case

Osteotomy for apical resection reduces longitudinal width
of the buccal bone plate and therefore increases the risk of
endo-perio communication which leads to failure (Figure
4). This is a critical point to predict the prognosis of apical
surgery. Consequently we should preserve the buccal bone
plate as much as possible. Resection of the correct length

62 www.rde.ac

of apical root with minimum bevel is essential. And it is a
more crucial factor in Korean population than in western
population because tooth lengths in Koreans are shorter
than Caucasians.”’ Contemporary endodontic microsurgery
is able to realize 0 degree or shallow bevel and precise
length of root resection and therefore minimize the
longitudinal width of osteotomy and the risk of endo-perio
communication due to buccal bone loss.
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Prosthodontic prognosis of apically resected tooth

Figure 5. Post-operative radiographs and clinical photos during surgery of 4 cases in Figure 1. (a), (d), (g), and (j), post-
operative radiograph of each case; (b), (e), (h), and (k), clinical photos during apical surgery, showing narrow but intact
buccal marginal bone; (c), (f), (i), and (), 4, 9, 9 and 10-year follow-up radiographs after surgery, showing complete

healing of apical lesion.

Conclusions

Apical root resection does not reduce the periodontal
bone support as much as the loss of the crown-to-root
ratio, and therefore the standard of crown-to-root ratio
should be re-visited in evaluating the prosthodontic
prognosis of the apically resected teeth (Figure 5). Because
loss of total supported root surface due to apical resection
is minimal and occlusal stress concentrate on the cervical
area, not apical area. But, decreasing the longitudinal
distance between alveolar bone margin and resected root
end can increase the risk of endo-perio communication.
Therefore, the evaluation of the marginal bone and the
attached gingiva and accurate execution of endodontic
microsurgery are the essentials for the preservation of the
buccal bone.
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