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including for the provision of surgical endo-
dontic treatment.3 In recent years both the 
Royal College of Surgeons (RCS)1 and the 
American Association of Endodontists4 have 
published guidance advocating a microsurgical 
approach for endodontic procedures and it is 
current compliance with this guidance that we 
aim to determine in this study.

Although success rates of 44–95% have 
been reported5 for surgical endodontic (SE) 
procedures, non-surgical retreatment remains, 
in most cases, the first choice treatment 
modality in cases where chronic apical peri-
odontitis persists following orthograde root 
treatment.6,7 Systematic reviews by Del Fabbro6 
and Torbinejad7 have shown that while initial 
success rates for a surgical approach may be 
more favourable than non-surgical, at four 
years following treatment there appears to be 
no significant difference in success. However, 
surgical endodontic treatment is more likely 
to be associated with postoperative surgical 

Introduction

In recent years surgical endodontic treatment 
has continued to evolve from traditional gross 
surgical techniques into the contemporary 
microsurgical technique1 which is now consid-
ered to be gold standard. The techniques and 
materials used have continued to be updated and 
refined in line with current evidence, resulting 
in improvements to reported success rates.2

In particular, advancements in dental loupes 
and surgical microscope technology, along 
with a reduction in cost, has led to them being 
widely adopted for use by the dental profession 
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current oral surgery and restorative speciality trainees. The survey audited the techniques and equipment used by the trainees 

for surgical endodontic procedures. Results were compared with the Royal College of Surgeons’ guidelines. Results  Overall 
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microsurgical technique for surgical endodontics has now been adopted by a substantial number of trainees, uptake of current 

guidelines is still not complete. An expansive follow-up study may help to further understand compliance with guidelines 

among a wider range of practitioners who carry out the procedure in both a hospital and practice setting.

morbidity8 and therefore should not usually 
be considered a first-line approach.

Nevertheless, non-surgical retreatment may 
not always be possible or indicated. These 
cases may include teeth with anatomical 
abnormalities, iatrogenic complications such 
as a perforation, or instances where non-
surgical retreatment has already failed. In these 
circumstances root-end surgery may need to 
be undertaken.1

The Royal College of Surgeons’ guidelines1 
provide guidance on equipment, materials, and 
techniques that should be used to optimise 
clinical success. It would be expected that as 
training units, those institutions providing 
oral surgery and restorative speciality training 
would be at the forefront of implementing 
these best practice guidelines. For this reason 
our aim was to determine compliance with 
these guidelines by current oral surgery and 
restorative trainees. A standard of 100% com-
pliance with guidelines would be expected.
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Raises awareness of the Royal College of Surgeons’ 
guidelines on surgical endodontics.

Highlights that all clinicians are not compliant with the 
Royal College of Surgeons’ guidelines and that there 
are areas where improvements can be made.

By determining areas of non-compliance with the 
guidelines it allows for further investigation into the 
reasons for non-compliance allowing any issues to be 
addressed.

In brief
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Method

An online survey, hosted by SurveyMonkey, 
was emailed to 95 current oral surgery and 
restorative speciality trainees in January 2016. 
This included 38 oral surgery and 57 restora-
tive trainees who were contacted through 
their respective speciality trainee educational 
groups. The participants were sent a follow-up 
email two weeks after the initial invitation to 
complete the questionnaire. Appendix 1 shows 
the questions the participants were invited to 
answer relating to the equipment, materials and 
techniques utilised when carrying out root-end 
surgery. This aimed to audit the compliance of 
their current practice with the Royal College of 
Surgeons’ guidelines on surgical endodontics.1

Results

A total of 51 trainees completed the ques-
tionnaire, consisting of 23 oral surgery and 
28 restorative trainees (Table 1). The overall 
response rate was 54% (61% of oral surgery 
and 49% of restorative trainees contacted).

Magnification
Overall, 39.2% (20/51) of trainees used no magni-
fication for root-end surgery, 41.2% (21/51) used 
a microscope and 19.6% (10/51) used loupes.

Osteotomy
For the osteotomy 60.8% (31/51) of the 
respondents reported they use a straight 
surgical handpiece for root-end surgery 
procedures (Fig. 1). A further 17.6% (9/51) 
use a reverse air handpiece, 11.8% (6/51) a 
piezosurgical handpiece and 7.8% (4/51) a 
fast handpiece. One trainee used an alterna-
tive unspecified handpiece for their osteotomy.

Root-end preparation
The majority of trainees used an ultrasonic 
handpiece, 66.7% (34/51), or a microsurgical 
bur, 29% (16/51), for their root end prepara-
tion. One respondent reported using a combi-
nation of both handpieces.

Smear layer removal
Smear layer removal was performed routinely 
by only 7.8% (4/51) of trainees. Two trainees 
reported using EDTA and the other two respond-
ents using unspecified alternative materials.

Root-end filling material
For the root-end filling material mineral 
trioxide aggregate (MTA) was used by 64.7% 

Table 1  Trainee responses regarding techniques, equipment and materials used by them 
for surgical endodontic treatment

Oral surgery 
trainees

Restorative 
trainees

Overall 
trainees (%)

Magnification

None 19 2 39.2

Loupes 3 7 19.6

Microscope/endoscope 1 19 41.2

Microsurgical Kit

Yes 6 24 58.8

No 16 3 37.3

Other 1 1 3.9

Osteotomy

Fast handpiece 1 3 7.8

Piezosurgical handpiece 2 4 11.8

Reverse-air handpiece 0 9 17.6

Straight surgical handpiece 20 11 60.8

Other 0 1 2

Root-end preparation

Microsurgical bur 10 6 31.3

Ultrasonic 13 21 66.7

Combination 0 1 2

Root-end filling

Amalgam 0 1 2

Biodentine 1 0 2

Composite 0 0 0

Glass ionomer 0 0 0

MTA 12 21 64.7

Super EBA 0 0 0

Reinforced ZnOE 8 0 15.6

Other 2 0 3.9

Combination 0 6 11.8

Smear layer removal

Citric acid 0 0 0

EDTA 2 0 3.9

None 22 25 92.2

Other 1 1 3.9

Sutures

Resorbable 19 11 58.8

Non-resorbable 4 15 37.3

Combination 0 2 3.9

Post-operative 
radiograph

Before wound closure 0 10 19.6

After wound closure 13 14 52.9

None 8 3 21.6

Other 2 1 5.9

Antibiotics prescribed

Pre-operatively 1 1 3.9

Post-operatively 2 3 9.8

None 19 23 82.4

Other 1 1 3.9
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(33/51). A further 15.6% (8/51) reported using 
reinforced zinc oxide eugenol (ZnOE) and 
2% (1/52) amalgam. The remaining 11.8% of 
respondents used a variety of these materials 
(MTA, ZnOE or biodentine) depending on the 
clinical scenario.

Suture material
Wound closure was carried out using non-
resorbable sutures by 37.3% (19/51) of 
respondents in comparison to 58.8% (30/51) 
who preferred resorbable sutures. The 
remaining 3.9% (2/51) reported using a com-
bination of both suture types.

Post-operative radiographs
Of the trainees who responded, 19.6% took a 
radiograph before wound closure, with 52.5% 
doing so following wound closure. Results 
showed that 21.6% of trainees took no post-
operative radiographic imaging.

Discussion

In recent years surgical endodontics has been 
greatly influenced by the improved quality 
and availability of equipment such as surgical 
microscopes and dental loupes. This has 
resulted in microsurgical techniques becoming 
increasingly popular for endodontic proce-
dures. Many studies have therefore focused 
on the impact of these modern techniques on 
the outcome of surgical endodontics including 
two recent meta-analyses studies carried out 
by Setzer et al.2,9

The first meta-analysis (2010)2 compared 
traditional root-end surgery (TRS) to endo-
dontic microsurgery (EMS) outcomes. With an 
overall success rate of 59% for TRS (standard 
surgical bur and instruments, bevelled root-end 
resection with bur, up to ×4 magnification 
and an amalgam filling) compared to 94% for 
EMS (bone cutting bur or piezo, microsurgical 
instruments, ultrasonic root-end preparation, 
non-bevelled root resection, high power mag-
nification and a biocompatible filling material), 
demonstrating a significant improvement in 
outcome when the EMS technique was used.2

The second meta-analysis compared the 
outcome of EMS when differing degrees of 
magnification were used. When microsurgical 
instruments were used with no magnification 
or magnification of ten times or less, a success 
rate of 88% was found compared to 94% 
success rate when microsurgical instruments 
were used with greater than times ten mag-
nification.9 These studies have demonstrated 

that the use of microsurgical techniques and, 
in particular, magnification can positively 
influence treatment success. Although the 
reasons for this were not investigated by the 
study it may well be due to the enhanced visu-
alisation of anatomical abnormalities or pre-
existing root fractures under magnification 
which would contra-indicate surgical root-end 
surgical treatment being performed.

Magnification
Our audit found that although magnification 
is strongly recommended by RCS guidelines 
the reported use of any form of magnification 
was just 60.8% (31/51) among all respond-
ents, resulting in the success rates of root-end 
surgical procedures carried out by the group 
audited potentially being lower than those 
that the evidence suggests could be achieved.9 
Interestingly, there was a significant differ-
ence in its use between trainee groups with 
17.4% (4/23) of oral surgery trainees using 
magnification compared to 92.9% (26/28) 
of restorative trainees. There may be several 
reasons for this difference such as variable 
availability of equipment or differences in the 
teaching, however, these were not investigated 
in our study.

Surgical handpiece
As with any surgical technique there is often 
variation in the equipment and materials used 
between operators. This was certainly the case 
in our study with a variety of methods used for 
the osteotomy. The RCS guidelines1 recommend 
the use of a reverse air handpiece with saline 

irrigation for osteotomy preparation in root-end 
surgery, in order to reduce heat production and 
minimise the size of bony preparation required. 
Our results show 17.6% (9/51) of the trainees 
who responded used a reverse air handpiece, of 
which all were restorative trainees. A straight 
surgical handpiece was also used by a substan-
tial number of both trainee groups including 
87.0% (20/23) of oral surgery and 39.3% (11/28) 
of restorative trainees.

Air-driven handpieces offer a number of 
advantages over straight surgical handpieces. 
They generally tend to have smaller angled 
heads which allows for better access with the 
bur to facilitate root-end resection, even with 
a minimal osteotomy preparation. Although 
air driven, due to their reverse exhaust design 
the risk of surgical emphysema is reduced in 
comparison to a high speed (fast) handpiece.11 
Despite the risk of surgical emphysema being 
well documented, our study found that four 
trainees routinely continue to use a high 
speed handpiece for their osteotomy.12 Both 
the guidelines and literature would suggest 
avoidance of this to prevent potentially serious 
and unnecessary complications.

The use of piezoelectric handpieces has 
become increasingly popular in recent 
times for procedures involving the teeth and 
jaws including wisdom tooth removal and 
orthognathic surgery.10 These handpieces 
have many benefits over using a traditional 
bur including increased precision due to well 
controlled micro-vibrations. This allows for 
improved tactile sensation as opposed to the 
less discriminate movement of a bur as well as 
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Fig. 1  A graph to show types of handpieces used by the trainees for the root-end 
surgery osteotomy
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offering relative protection of the surrounding 
soft tissues.10 As yet, however, there is limited 
evidence for its use specifically in endodontic 
procedures and a recent literature review by 
Abella concluded further research into its use 
is required.10 Our survey found that 11.8% 
(6/51) of the trainees utilised piezoelectric 
handpieces routinely for their osteotomy and 
this number may continue to grow as research 
and evidence improves.

Root-end resection/preparation
Historically, root-end resection was carried out 
with a bevel angle in order to improve access to 
the root tip.13 With advancements in technol-
ogy and equipment this is no longer necessary. 
The RCS guidelines1 suggest that root-end 
resection should be as close to 90⁰ to the long 
axis of the tooth as possible and the root end 
preparation at least 3 mm deep and along 
the canal axis. By keeping the root resection 
perpendicular to the canal axis the number of 
exposed dentinal tubules is reduced and tooth 
tissue preserved, therefore helping to reduce 
leakage of any residual microbial by-products 
from the tooth into surrounding tissues.

A number of studies including that by 
Melhaff 14 have investigated the effect of 
different instruments for root-end prepara-
tion. Mehlhaff14 compared a high-speed bur 
and ultrasonic tip for root-end preparation and 
found that when a high speed bur was used 
for canal preparation, 100% of these prepara-
tions deviated from the canal in comparison to 
deviation in 2.6% of cases where an ultrasonic 
tip was used.

A further study by Lin et al. found that on 
average there was a 30% reduction in wall 
thickness when a bur was used in comparison 
with just 17% with an ultrasonic tip.15 Over 
preparation at the apex of teeth should ideally 
be minimised where possible to prevent 
unnecessary exposure of dentinal tubules and 
to reduce the surface area where potential 
microleakage could occur. These studies 
suggest the use of an ultrasonic tip offers the 
advantage of better access and a more accurate 
preparation.

Although the use of an ultrasonic handpiece 
has been shown to have some benefits over a 
bur it has also been reported to have some 
adverse effects. Studies have shown ultrasonic 
root-end preparation to be associated with 
increased cracking at the root end.16,17,18,19 That 
said, many of the studies supporting this have 
been carried out on extracted teeth17,20 and 
similar studies carried out on cadavers show 

no significant increase in root-end cracking. 
It has been hypothesised that an intact peri-
odontal ligament may act as a shock absorber 
to dampen vibrations and therefore reduce the 
impact on the root end.21

Our study found that the majority (66.7%) of 
trainees used an ultrasonic handpiece preferen-
tially for root-end preparation. A large number 
did, however, continue to routinely use a bur. 
Both the evidence and guidelines would seem 
to support that where possible an ultrasonic 
handpiece should be preferentially used.

Smear layer removal
The need for smear layer removal following 
root-end preparation remains a debated topic. 
The RCS guidelines suggest consideration 
should be given to removal of the smear layer, 
although the evidence is conflicting. A study 
by Yildirim22 found that when the smear layer 
was removed with ethylenediaminetetraacetic 
acid (EDTA) and a mineral trioxide aggregate 
(MTA) root-end filling placed, there was 
significantly more microleakage than when 
the smear layer was left intact. Although the 
majority of trainees surveyed choose not to 
carry out removal of the smear layer, until 
further research is carried out to ascertain 
the effects of its removal on success rates, this 
remains the clinican’s choice.

Obturation material
There are multiple root-end filling materials 
and the RCS guidelines advocate a number 
of them, including super ethoxy benzoic acid 
(EBA), glass ionomer cement, composite 
resin and reinforced zinc oxide eugenol. 
MTA is noted specifically as an osteo-and 
cemento-inductive material associated with 
a high clinical success rate.1 Our audit found 
that 64.7% (33/51) of trainees routinely used 
MTA for root-end surgery. The remainder 
used either biodentine, reinforced zinc oxide 
eugenol or a combination of these materials. 
One respondent reported routinely using 
amalgam which is considered unsuitable in 
the RCS guidelines. The type of material used 
may well reflect the materials available to the 
trainees rather than trainee preference.

Bates et al. carried out a study on extracted 
teeth randomly allocated with EBA, MTA or 
amalgam root end fillings.23 Results indicated 
that MTA and EBA had similar levels of 
microleakage. However, both had signifi-
cantly less microleakage when compared to 
amalgam. Amalgam has also been shown to 
elicit an increased inflammatory response 

in apical tissues in comparison to MTA.24, 25 
Although this study shows EBA has a similar 
level of microleakage to MTA, the osteo- and 
cemento-inductive properties of MTA may be 
advantageous in terms of healing, however, the 
clinical situation will dictate final decision on 
the choice of an appropriate material.

Radiographs
Overall, 27.5% of trainees reported they did 
not routinely carry out radiographs at the 
time of surgery. Of the remaining trainees 
19.6% of respondents took a radiograph 
before wound closure and 52.9% following 
wound closure. This study has shown that 
although the majority of trainees do carry out 
a radiograph post-operatively, only a small 
proportion do so before wound closure and 
therefore compliance with guidelines remains 
low, as the RCS guidelines advocate taking 
a post-operative radiograph before wound 
closure where possible. Any radiograph taken 
at this stage will allow for verification of the 
quality of the root-end filling and any appro-
priate steps to rectify any deficiencies can 
be taken, in addition to acting as a baseline 
radiograph for any future comparisons. It is 
generally accepted that treatment success is 
measured using a combination of clinical and 
radiographic findings such as those suggested 
by Rud et al. and Molven et al.26–28

Wound closure
For closure of the wound RCS’ guidelines1 
recommend the use of synthetic monofila-
ment sutures in order to minimise microbial 
colonisation and reduce the inflammatory 
response associated with the sutures.32 Much 
of the evidence suggests that sutures should 
be removed as soon as healing has taken 
place in order to limit bacterial ingress into 
the  wound.33 The guidelines recommend 
removal between 48 and 96 hours post-sur-
gery.1 Our survey found that, 58.8% of trainees 
used resorbable sutures which are not recom-
mended by the guidelines. When analysed 
further, 83% (19/23) of oral surgery trainees 
routinely use resorbable sutures in comparison 
to 39.2% (11/28) of restorative trainees.

This study provides an overview of compli-
ance by oral surgery and restorative trainees 
with the RCS’ guidelines on surgical endodon-
tics. It is, however, important to note that as 
with any audit there are limitations and these 
must be taken into account when interpret-
ing the results. Although our sample size was 
relatively small it has highlighted the different 
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clinical practices adopted by clinicians of 
diverse speciality backgrounds. While a more 
detailed method to ascertain the various tech-
niques utilised in surgical endodontics may 
involve auditing individual patient records, this 
approach would present a logistical challenge. 
Should future more expansive audits be carried 
out, the current audit may act as a pilot, upon 
which these larger scale audits could be based.

The seniority of the trainees and availability 
of equipment were not investigated as part of 
this audit. Although this was not the primary 
aim of the study these factors could impact on 
compliance with the guidelines and therefore 
may be relevant to the outcome. In addition 
to this endodontic speciality, trainees and 
qualified specialists were not audited due to 
issues with identifying the contact details of 
these groups, however, we would recommend 
any future work that is based on this pilot study 
should be expanded to include these groups 
to ascertain the clinic practice of a broader 
spectrum of practising dentists.

Conclusion

While our study has shown that a microsurgical 
approach has now been adopted by a substantial 
number of trainees for surgical endodontics, 
this is being carried out without the use of 
magnification in a number of cases and there 
has not been complete uptake by all clinicians. 
The reasons for this are outside the scope of this 
audit, although the process of highlighting the 
results of this audit may result in improvements 
to the adoption of the surgical endodontic 
guidelines. Further work is, however, needed 
to ascertain the reasons for use of equipment 
and techniques that are outside the best practice 
guidelines, in order to address this on a local 
and national level, as well as an assessment of 
whether patient outcomes are being adversely 
affected by this overall lack of compliance.
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