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Periapical surgery is a well-accepted technique used 
to salvage endodontically involved teeth that cannot 
be satisfactorily treated or retreated by nonsurgical 
conventional endodontic procedures (1-4). Indica- 
tions for periapical surgery are well described in the 
above mentioned endodontic references. Considering 
that the prognosis of success following endodontic 
surgery ranges from 60 to 89% (5-8), this procedure 
is a viable alternative to extraction or intentional re- 
plantation procedures of molar teeth not amenable to 
conventional root canal treatment (9, 10). However, it 
should be realized that, in comparison to conventional 
therapy, the success rate of surgical intervention is 
somewhat reduced (11 ). Caution should be exercised, 
specifically in periapical surgery of mandibular pos- 
terior teeth due to the potential damage of the mental 
and inferior alveolar neurovascular bundles (12). The 
purpose of this paper is to consider some important 
anatomical and surgical factors related to periapical 
surgery in this region. 

ANATOMICAL CONSIDERATIONS 

Mandibular Canal, Inferior Alveolar Nerve, and 
Artery 

Radiographically, the mandibular canal is evi- 
denced by a radiolucent band. The canal varies 
greatly in size and in its relationship to the roots of the 
posterior teeth (13). Often it closely proximates or 
may even come in contact with the roots of the third 
molar. Sometimes, it is in the proximity of the roots of 
all mandibular molars (Fig. 1 ). Anatomically, the man- 
dibular canal is situated lingually to the roots of pos- 
terior teeth. The inferior alveolar nerve is the largest 
branch of the posterior division of the mandibular 
nerve. It runs vertically downward with the inferior 
alveolar artery from the infratemporal fossa, entering 
the mandibular foramen on the medial surface of the 
ramus of mandible. It courses through the mandibular 
canal in the body of the mandible and supplies all 
mandibular teeth and their supporting structures. The 

inferior alveolar artery, a branch of the maxillary ar- 
tery, travels closely with the inferior alveolar nerve. 

Mental Foramen, Nerve, and Artery 

The mental foramen appears on radiograms as an 
oval or round radiolucent area in the mandibular pre- 
molar region. Its location varies in relationship to the 
roots of the premolars. Its image may be seen inferior 
to, at the same level as, or superior to the root apices 
(13). It also may be situated directly over the root of 
either premolar, or between them (Figs. 2 and 3). 
Sometimes, the communication between the mental 
foramen and the mandibular canal can be seen (Fig. 
4). The mental foramen is not always visible radio- 
graphically. The mental nerve, a branch of the inferior 
alveolar nerve, emerges with the mental artery through 
the mental foramen to supply the oral mucosa and the 
skin of the lower lip and chin. The mental artery is a 
branch of the inferior alveolar artery. 
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Vestibular Fornix (Mucobuccal Fold) 

The depth of vestibular fornix varies and is limited 
by bony ridges or prominences in the mandibular 
molar area (14). If the vestibule fornix is deep, the 
overlying buccal alveolar bone will be thin (Fig. 5A). 
If the vestibule fornix is shallow, the buccal alveolar 
bone, overlying the roots of mandibular posterior 
teeth, will be thick (Fig. 5B). In general, the premolars 
and first molar are close to the buccal alveolar plate, 
whereas the second and third molars are closer to the 
lingual plate (2). 

SURGICAL CONSIDERATIONS 

Mandibular Canal and Inferior Alveolar 
Neurovascular Bundles 

To avoid injury to the mandibular canal and its 
neurovascular contents, it is essential to have undis- 
torted diagnostic radiographs to show the accurate 
length of the involved teeth and its relation to the 
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FSG 1. Mandibular canal (arrows) in proximity to the roots of man- 
dibular molars. 

FiG 2. Mental foramen (arrows) located at the apex of second 
premolar. 

FIG 3. Mental foramen (arrows) situated in the periapical area 
between two premolars. 

mandibular canal. In most cases, the parallel ing tech- 
nique of periapical radiography is quite sui table for 
this purpose in mandibular posterior teeth since the 
film can be easi ly placed close and parallel to the long 
axis of these teeth, thus preventing signif icant distor- 

FiG 4. Note the communication between mental foramen and man- 
dibular canal (arrows). 
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FIG 5. Drawings of mandibular molars and their supporting struc- 
tures mesiodistally. A, Tooth with deep fornix of vestibule (arrow) 
and thin buccal alveolar bone plate. B, Tooth with shallow fornix of 
vestibule (arrow) and bulky buccal alveolar bone. B, buccal surface; 
L, lingual surface; AB, alveolar bone; MC, mandibular canal. 
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tion of the radiograph. Panoramic radiography also 
can be used for this purpose. After the surgical flap 
has been retracted, a premeasured instrument should 
be placed along the buccal alveolar bone covering the 
involved tooth to determine the approximate location 
of the root apex. If no periapical radiolucency is ob- 
served and /o r  if the cortical bone is still intact, the 
entry of the surgical bur at the buccal alveolar bone 
should be kept at least 4 mm above the estimated 
apex. The cort ical bone is careful ly removed until the 
apical third of the involved root is located. The apex 
is reached by continuous removal of the cortical bone 
following the outl ine of the root apically. If the root 
apex cannot be accurately located, a steri l ized radio- 
paque material such as a piece of gutta-percha or 
lead foil from the X-ray packet should be placed in the 
bone cavity. Radiographs are then taken to veri fy the 
work area in relationship to the root apex and the 
mandibular canal. 

Menta l  Foramen,  Nerve,  and Artery 

To prevent possible damage to the mental nerve 
and /o r  artery, a number of preoperat ive radiographs 
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is imperative. The radiographs should have distinct 
contrast and minimal distortion, thus permitting an 
accurate determination of the spatial relationship be- 
tween the involved root apices and the mental fora- 
men. This allows successful surgery in the foraminal 
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area (Fig. 6). Usually, a deep vertical releasing incision 
into the periapical area between two premolars is 
precluded because anatomically the mental foramen 
is frequently situated in this region. It may sometimes 
be necessary to carefully expose the mental foramen 
and its neurovascular contents during the periapical 
surgery (Fig. 7). In this situation the patient may 
experience some temporary paresthesia due to trau- 
matic injury of the mental nerve caused by retraction 
of the flap. Normally, it is not difficult to explore for 
the mental foramen and its neurovascular elements 
since the mucoperiosteal flap can be carefully re- 
flected away from the underlying alveolar bone. When 
reflecting the flap in the mental foramen area, there is 
a resistance to retraction of the flap due to its attach- 
ment to the neurovascular bundle. 

Vestibular Fornix (Mucobuccal Fold) 

To some degree, the depth of the vestibular fornix 
may forecast the amount of difficulty that may be 
encountered during periapical surgery of the mandib- 
ular posterior teeth. If the fornix of the vestibule is 
shallow, the accessibility to the periapical lesion will 
be limited. Therefore, the buccal cortical plate should 
be reduced before exploring for the periapical lesion 
(Figs. 8 and 9). Accessibility and visibility become less 
problematic when using a low-speed, straight hand- 
piece. At the same time, it is easier for the operator to 
control the surgical procedure. 

Flap designs in this area depend on the periodontal 
condition, the restorations present, and the location 
of mental foramen. The most frequently used flaps are 
the triangular and modified triangular full-thickness 
flaps. The former consists of one horizontal incision 
along the gingival sulcus in conjunction with a vertical 
releasing incision made on the interproximal bone. 
The latter is designed to be used specifically in the 
area where artificial crown is present. It is somewhat 
similar to the triangular flap except for the horizontal 

FiG 6. Mandibular second premolar. A, Preoperative radiograph. 
After completion of root canal treatment, the patient continued to 
have discomfort. Note the overfilled gutta point closely associated 
with the mental foramen (arrowhead) and also the communication 
between mental foramen and mandibular canal (arrows). B, Post- 
operative radiograph. During periapical surgery, the mental foramen 
and its neurovascular content were carefully exposed. The root 
apex was resected and retrograde amalgam placed. C, Follow-up 
radiograph. Six months after periapical surgery, the tooth was 
asymptomatic and there was sign of bony healing. The patient did 
not experience any symptoms of paresthesia. 

FIG 7. Mental foramen and its neurovascular content (arrows) 
carefully exposed during periapical surgery. 
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FIG 8. Drawing of mandibular molar and its supporting structures 
mesiodistally. Some of the alveolar bone (horizontal lines) should 
be reduced to overcome the accessibility to the periapical area 
during periapical surgery when the cortical plate is too thick. L, 
lingual surface; B, buccal surface; MC, mandibular canal; AB, 
alveolar bone. 

incision made 2 to 3 mm from the depth of the gingival 
sulcus. During surgery the alveolar crest bone of the 
involved tooth should be conserved as much as pos- 
sible to avoid periodontal complicat ions (15). 

Hemorrhage during periapical surgery may interfere 
with good visibil ity. The use of high concentrat ions of 
epinephrine to control the hemostasis should be care- 
fully considered. The endogeneous catecholamine se- 
creted into the blood stream by adrenal medulla due 
to the stress of surgery is added to the exogeneous 
epinephrine. The combined effect may compl icate 
treatment of the medical ly compromised patient, caus- 
ing a circulatory emergency. Thus, pressure appl ica- 
tion should be considered as an alternative. 

When periapical surgery is performed on the mesial 
root of mandibular molars, the apex should be re- 

�9 sected at least on a 45-degree angle to the occlusal 
surface. The apical preparation for the retrograde 
amalgam fil l ing should include mesiobuccal, mesiol- 
ingual, and possible middle mesial canals in one slot 
preparation (Fig. 10) (12, 15, 16). Care must be taken 
not to perforate the root. To enhance accessibi l i ty and 
visibi l i ty for retrograde amalgam preparation, the be- 
veling of the root apex in mandibular molars is some- 
t imes performed sl ight ly  mesiodistal ly in addit ion to 
buccol ingual ly (Fig. 11). 

D I S C U S S I O N  

Clinically, many studies have shown that conven- 
tional root canal treatment has a better prognosis than 
endodontic surgery (17-19) .  Histologically, persist- 
ence of inflammation in the periapical t issue after 
failure of endodontic surgery has also been demon- 
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FiG 9. Mandibular first molar. A, Preoperative radiograph. Conven- 
tional root canal treatment failed and periapical surgery was sub- 
sequently performed without retrograde amalgam fillings about 7 
months previously. Swelling and constant pain still present. Note 
the perforation of mesiobuccal canal. B, Postoperative radiograph. 
Mesiobuccal and distal canals were retreated conventionally fol- 
lowed by periapical surgery of the mesial root because the silver 
point in the mesiolingual canal could not be retrieved with all 
possible measures. Since the mandibular ridge overlying the roots 
of first molar was bulky, some of buccal alveolar bone had to be 
reduced to gain access to the periapical regions. C, Follow-up 
radiograph. One year after periapical surgery, the tooth was asymp- 
tomatic. There was evidence of bony healing. 

strated in the surgical specimens (11, 20-22) .  Thus, 
before considering the periapical surgery, all possible 
avenues of conventional endodontic solution to the 
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FIG 10. Mandibular first molar. A, Preoperat ive radiograph. Root 
canal t reatment was performed 1 year before. The patient had a 
constant dull pain. There were periapical radiolucencies around the 
mesial and distal roots. Crown was constructed about 3 months 
previously. B, Postoperat ive radiograph. Note the retrograde amal- 
gam fillings including the mesiobuccal and mesiolingual canals in 
the mesial root, and the distobuccal and distol ingual canals in the 
distal root. The distolingual canal was not instrumented and filled 
during conventional root canal treatment. 
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FIG 1 1. Drawings of mandibular molars mesiodistal ly. A, The root 
apices bevel led straight buccolingually. B, The root apices bevelled 
slightly mesiodistal ly in addit ion to buccol ingual ly. M, mesial sur- 
face; D, distal surface. 

problem should be completely ruled out. 
It is very important to inform the patient fully about 

the potential of injury to the mental and inferior alveo- 
lar neurovascular elements before performing this 
type of periapical surgery. This is not only necessary 
for medical-legal reasons and patient management, 

but also to be in compliance with the doctrine of 
informed consent. Frequently, paresthesia is caused 
by carelessly placed incisions or inadequate bone 
surgery which injuries the nerve. When a sensory 
nerve fiber is cut or damaged, the distal stump simul- 
taneously undergoes wallerian degeneration (23). 
Therefore, the patient will experience the bizarre 
symptoms of paresthesia. The regenerative process 
of the injured nerve fiber occurs from the central 
stump to the neuron. Full recovery of sensation may 
take from 3 to 9 months, depending on whether the 
mental or inferior alveolar nerve is injured and the 
severity of the injury (23, 24). However, permanent 
loss of sensation may occur if the mass of axon fails 
to reconstitute (23). 

Case selection is an important factor to the periapi- 
cal surgery of mandibular posterior teeth. When the 
patient has a very thick buccal alveolar bone plate, or 
if the mental foramen and the mandibular canal are in 
the very close proximity to the periapical lesion of the 
involved tooth, cooperation with an oral surgeon 
should be considered. From an endodontic point of 
view, the thickness of buccal alveolar bone can be an 
obstacle in attaining a good retrograde amalgam seal 
of involved root because of accessibility and visibility. 

Retrograde amalgam filling should be placed on the 
roots of almost all teeth which require periapical sur- 
gery (25), because most failures of conventional root 
canal therapy are due to insufficient canal debride- 
ment and obturation (22). Despite the shortcoming of 
amalgam, e.g. marginal deficiency in vitro (26, 27), 
many clinical studies have demonstrated that amal- 
gam is still the best retrograde filling material (28- 
30). 

Dr. Lin is an associate professor and is in private practice (limited to 
endodontics) in Morristown, NJ. Dr. Skribner is professor and vice chairman. 
Dr. Shovlin is professor and chairman, Department of Endodontics, New 
Jersey Dental School, University of Medicine and Dentistry of New Jersey, 
Newark, NJ. Dr. Langeland is professor and chairman, Department of Endo- 
dontics, School of Dental Medicine, University of Connecticut Health Center, 
Farmington, CT. 

References 

1. Grossman LI. Endodontic practice. Philadelphia: Lea & Pebiger, 1976. 
2. Ingle JI, Beveridge EE. Endodontics. Philadelphia: Lea & Febiger, 

1976. 
3. Wein FS. Endodontic therapy. St. Louis: CV Mosby Co, 1976. 
4. Cohen S, Burns RC. Pathways of the pulp. St. Louis: CV Mosby Co, 

1976. 
5. Grossman LI, Shepard LI, Pearson LA. Roentgenologic and clinical 

evaluation of endodontically treated teeth. Oral Surg 1964;17:368-74. 
6. Mattila K, Altonen M. A clinical and roentgenological study of apicoec- 

tomized teeth. Odont T 1968;76:389-408. 
7. Harry F J, Parkins B J, Wengraf AM. Success rate in root canal therapy. 

A retrospective study of conventional cases. Br Dent J 1970;128:65-70. 
8. Rud J, Andreasen JO, Jensen JEM. Radiographic criteria for the 

assessment of healing after endodontic surgery. Int J Oral Surg 1972;1:195- 
214. 

9. Altonen M, Mattila K. Follow-up study of apicoectomized molars. Int J 
Oral Surg 1976;5:33-40. 

10. Persson G. Periapical surgery of molars. Int J Oral Surg 1982;11:96- 
100. 

11. Block RM, Bushell A, Grossman LI, Langeland K. Endodontic surgical 
retreatment. A clinical and histopathologic study of 35 cases. J Endodon 
1979;5:101 - 115. 



Vol. 9, No. 11, November 1983 

12. Harris MH. Apicoectomy and retrograde amalgam in mandibular 
molar teeth. Oral Surg 1979;48:405. 

13. Stafne EC. Oral roentgenographie diagnosis. Philadelphia: WB Saun- 
ders, 1976. 

14. Clarke MA, Bueltmann KW. Anatomical considerations in periodontal 
surgery. J Periodont 1971 ;42:610-25. 

15. Block RM, Bushell A. Retrograde amalgam procedures for mandibular 
posterior teeth. J Endodon 1982;8:107-12. 

16. Pomeranz HH, Eodelman DL, Goldberg MG. Treatment considera- 
tions of the middle mesial canal of mandibular first and second molars. J 
Endodon 1981 ;7:565-8. 

1 7. Nordenram A, Svardstrom G. Results of apicectomy. Svensk Tandlak 
Tidsk 1970;63:503-604. 

18. Rud J, Andreasen JO, Jensen JEM. A follow-up study of 1,000 cases 
treated by endodontic surgery. Int J Oral Surg 1972;1:215-28. 

19. Rud J, Andreasen JO, Jensen JEM. A multivariate analysis of the 
influence of various factors upon healing after endodontic surgery. Int J Oral 
Surg 1972;1:258-71. 

20. Block RM, Bushell A, Rodrigues H, Langeland K. A histopathologic, 
histobacteriologic and radiographic study of periapical endodontic surgical 
specimens. Oral Surg 1976;42:656-78. 

21. Langeland K, Block RM, Grossman LL A histopathologic and histo- 
bacteriologic study of 35 periapical endodontic surgical specimens. J En- 

Mandibular Posterior Teeth 501 

dodon 1977;3:8-23. 
22. Rud J, Andreasen JO. A study of failure after endodontic surgery by 

radiographic, histologic and stereomicroscopic methods. Int J Oral Surg 
1972;1:311-28. 

23. Truex RC, Carpenter MB. Human neuroanatomy. Baltimore: Williams 
& Wilkins, 1963. 

24. Schram WR. A manual of oral surgery techniques. Philadelphia: WB 
Saunders, 1963. 

25. Rud J, Andreasen JO. Operative procedures in periapical surgery 
with comtemporaneous root filling. Int J Oral Surg 1972; 1:297-310. 

26. Moodnik R, Levey M, Besen M, Borden B. Retrograde amalgam 
fillings: a scanning electron mecoscopic study, J Endodon 1975;1:28-31. 

27. Tanzilli JP, Raphael D, Moodnik R. A comparison of the marginal 
adaptation of retrograde technique: a scanning electron microscopic study. 
Oral Surg 1980;50:74-80. 

28. Persson G, Lennartsson B, Lundstrom I. Results of retrograde root- 
filling materials. Swed Dent J 1974;67:123-34. 

29. Barry GN, Selbst AG, D'anton EW, Madden RM. Sealing quality of 
polycarboxylate cements when compared to amalgam as retrofilling material. 
Oral Surg 1976;42:109-16. 

30. Finne K, Nord PG, Persson G, Lennartsson B. Retrograde root filling 
with amalgam and cavit. Oral Surg 1977;43:621-6. 


