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Abstract
Background The surgical complexity associated with the palatal roots of maxillary molars was considerably 
elevated. Previous studies on the relationships between maxillary molar roots and the maxillary sinus or cortical 
plates have focused on individual root observation without considering the positional relationship between buccal 
and palatal roots or analysing the surgical pathway of maxillary molar palatal roots. This study aimed to investigate 
the relationship between maxillary molar palatal roots and adjacent anatomical structures to provide a reference for 
performing palatal roots endodontic microsurgery.

Methods Anatomical characteristics of the maxillary molar roots were determined using cone-beam computed 
tomography (CBCT) imaging data from 250 patients. The relationship between the root apex plane (RAP) and the 
maxillary sinus floor (MSF) was categorized into two types (Type I and Type II) based on whether the RAP was higher 
than the MSF or not. There were also two subclasses for Type I and Type II, which included Type I-a (RAP was lower 
than MSF), Type I-b (RAP and MSF were on the same plane), Type II-a (root apex protruded into the maxillary sinus) 
and Type II-b (root apex did not protrude into the maxillary sinus, but the RAP was higher than the MSF). Distances 
from the root apexes to the MSF and the cortical bone surface were measured.

Results Of 500 teeth, 1352 roots were evaluated. Buccal roots obstruction 3 mm from the palatal root apex were 
present in almost all maxillary molars. The proportion of Type II-b cases in the palatal roots of three-rooted maxillary 
molars was significantly higher than that in the mesiobuccal (MB) and distalbuccal (DB) roots (P < 0.01). The distance 
from the root apex to the MSF increased with age and was significantly longer in females than in males (P < 0.05). 
The average distance from the apexes of palatal roots to the buccal cortical plate was 10.12 mm for first molars and 
10.53 mm for the second molars. When measured through the MB roots, the distance to the buccal cortical plate was 
significantly shorter than that through the DB roots in the first molars (P < 0.05); however, the opposite was observed 
in the second molars (P < 0.05).
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Background
Conventional nonsurgical endodontic treatment already 
boasts a high clinical success rate; however, persistent 
and complicated cases not responding to nonsurgical 
root canal treatment require surgical intervention. End-
odontic microsurgery is a dependable treatment method 
with favourable initial healing and predictable outcomes 
[1]. Tooth survival rate ranged from 79 to 100%, with 
follow-up times of 2–13 years after endodontic microsur-
gery [2].

Tooth position influences the prognosis of endodontic 
microsurgery, with molars showing lower success rates 
[3]. Anatomical location, limited traction of the buccal 
mucosa, and root complexity make molar surgery more 
challenging than that of the anterior teeth. Notably, the 
palatal roots of maxillary molars have a complex ana-
tomical position; they are distant from the buccal cortical 
plate and lie near critical anatomical structures, such as 
the major palatal vascular-nervous bundle and the maxil-
lary sinus [4]. These factors complicate surgery. Despite 
these challenges, surgical endodontic treatment of max-
illary molars, especially the palatal roots, is crucial and 
strategic to avoid tooth extraction.

Studies have highlighted the relationship between the 
root of the maxillary molars and the maxillary sinus floor 
(MSF), which can affect the incidence of odontogenic 
maxillary sinusitis [5–7]. The incidence of maxillary sinus 
perforation during endodontic microsurgery is higher in 
molars than in premolars [8]. Therefore, understanding 
the relationship between the roots, particularly the pala-
tal roots of maxillary molars, and the MSF is essential for 
endodontic microsurgery. The relationship between max-
illary molar roots and the MSF is diverse but inconsistent 
[9–11], complicating its use in apical surgical pathways. 
In this study, we simplified the classification, making 
it easier to remember and more convenient for clinical 
application in endodontic microsurgery.

Additionally, cortical bone thickness may be a concern 
during surgical endodontic procedures of the maxillary 
molars, as operative access and manipulation of surgical 
instruments are limited in a confined space. Although 
studies exist on the distance between maxillary molar 
roots and cortical plates [9, 12, 13], most focus on indi-
vidual root observation without addressing the posi-
tional relationship between buccal and palatal roots or 

analysing the surgical pathway of maxillary molar palatal 
roots. In this study, we measured the distance from each 
maxillary molar root apex to the cortical plate and ana-
lysed the optimal surgical approach to the palatal root, 
providing valuable information for planning endodontic 
microsurgery.

Cone beam computed tomography (CBCT) offers 
non-invasive three-dimensional observation of roots 
and surrounding tissues [14–17]. For cases involving 
complex and difficult surgeries of the maxillary molars, 
preoperative CBCT analysis is effective in assessing risk 
factors, minimising complications, and improving thera-
peutic effects [17]. While CBCT facilitates observations 
across the coronal, sagittal, and axial planes, some physi-
cians may still need to enhance their spatial visualisation 
abilities to grasp the intricate positional relationships. 
With its complex anatomy, the maxillary molar region 
demands a nuanced understanding. Our study expands 
upon traditional CBCT imaging by integrating three-
dimensional reconstruction for a more vivid perspec-
tive to enhance the comprehension of root morphology 
and the interplay between the roots, maxillary sinus, and 
maxillae.

Therefore, this study utilised CBCT to observe the ana-
tomical characteristics of maxillary molar roots, analyse 
the proximity of the palatal roots to the cortical bone sur-
face and the MSF, and provide a reference for endodontic 
microsurgery of the palatal roots.

Methods
Participants
The Medical Ethics Committee of Beijing Stomatological 
Hospital, Capital Medical University, approved this study. 
CBCT images, alongside patient age and sex records, 
were obtained at Beijing Stomatological Hospital, Capi-
tal Medical University, from January 2021 to December 
2022. The inclusion criteria were as follows: patients 
aged 21 years or older at the time of CBCT imaging [18]; 
images showing a complete view of the maxillary first 
and second molars and surrounding bone tissue, with 
clear and distinguishable anatomical structures; high-
quality CBCT images without deformation; absence 
of root resorption, fractures, or root canal treatment in 
maxillary first and second molars; and absence of missing 

Conclusions For determining the relationship between maxillary molar palatal roots and adjacent structures, CBCT 
provides reliable information, which acts as the basis for performing endodontic microsurgery of the palatal roots. 
Understanding the relationship between the roots of the maxillary molar and neighbouring anatomical structures 
helps surgeons evaluate potential difficulties, select optimal strategies, and reduce complications.
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teeth among the maxillary posterior teeth, excluding the 
third molars.

Experimental design
This study included CBCT images from 250 patients 
using a Kodak 9000 CBCT scanner (Eastman Kodak, 
USA). Patients were positioned upright, and the scan-
ning plane was parallel to the orbitoauricular plane. 
Imaging parameters were set as follows: tube voltage of 
70 kV, tube current of 10 mA, resolution of 76 μm, scan 
layer thickness of 0.2 mm, voxel size of 76 μm × 76 μm 
× 76  μm, and screen resolution of 1,280 × 1,024. CBCT 
data were imported into Dentalnavi 2.0 software (Yake-
bot, China) to automatically segment the maxillae, max-
illary sinus, and roots. The segmented structures were 
then examined in the axial, coronal, and sagittal views of 
the CBCT scan to ensure segmentation accuracy across 
different planes. Following this, an automatic three-
dimensional reconstruction of the segmented data was 
performed. The reconstructed data was subsequently 
imported into Exocad 3.0 (GmbH, Germany) software 
to smooth the surface and generate the final reconstruc-
tion images for observation (Fig.  1). The images were 
also imported into CS 3D Imaging Software 3.2.12 (East-
man Kodak, USA) for measurements. The examination 
of the segmented structures and subsequent measure-
ments were conducted by two endodontists using serial 
axial, coronal and sagittal CBCT images. Additionally, 50 
CBCT images were examined and measured twice, with 
a 1-week interval between measurements. Kappa values 

were calculated to assess reliability between the examin-
ers, yielding values of 0.88. Following interobserver cali-
bration, the study subjects were examined independently. 
Any disagreements were resolved through discussion 
between the two examiners.

The number of roots and root morphology of the max-
illary first and second molars were observed on serial 
axial CBCT images. Root length was recorded using Ren’s 
method [19], defined as the distance from the furthest 
root apex (maximum length) to the cemento-enamel 
junction plane. For maxillary molars with three roots, 
buccal roots were examined, and the distance between 
them was measured on the axial CBCT images at a slice 
3 mm from the apex of the palatal root.

When designing treatment plans for endodontic micro-
surgery involving the maxillary sinus, the following fac-
tors must be considered: whether the roots were within 
the maxillary sinus and if a sinus lift procedure was nec-
essary. Based on this, the relationship between the root 
apex and the MSF was classified as follows: a horizontal 
line was drawn from the root apex to the buccal corti-
cal plate, forming the root apex plane (RAP). The cor-
responding illustrative diagrams and three-dimensional 
reconstruction images were shown in Fig. 2.

Type I: RAP was not higher than the MSF.
 Type I-a: RAP was lower than the MSF.
 Type I-b: RAP and MSF were on the same plane.
Type II: RAP was higher than the MSF.
  Type II-a: Root apex protruded into the maxillary 

sinus.

Fig. 1 Process of three-dimensional reconstruction. A, B, C: Segmentation and adjustment of the jawbone, maxillary sinus, and roots. D, E: Three-dimen-
sional reconstruction of the segmented data. F: Smooth the surface of the three-dimensional reconstruction images
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  Type II-b: Root apex did not protrude into the maxil-
lary sinus; however, RAP was higher than the MSF.

A1, B1,C1(Type I-a): RAP was lower than MSF. A2, 
B2,C2 (Type I-b): RAP and MSF were on the same plane. 
A3, B3,C3(Type II-a) Root apex protruded into the max-
illary sinus. A4, B4,C4(Type II-b): Root apex did not pro-
trude into the maxillary sinus; however, RAP was higher 
than the MSF.

The distance from the root apex to the MSF was mea-
sured in the coronal and sagittal planes of the CBCT, and 
the shorter value was recorded as the final distance. The 
distance for Type I-b was recorded as 0 and for Type II 
was recorded as a negative number. In Type I, roots with 
distances ranging from 0 to 2 mm were summarised.

The included patients were divided into four age groups 
(21–30, 31–40, 41–50, and 51–60 years) to compare the 
distance between RAP and MSF across age groups.

The shortest horizontal distance from the root apexes 
of the maxillary molars to the outer surface of the buc-
cal cortical plate was determined using axial images. 
Additionally, the shortest distance between the apexes of 

palatal roots and the palatal cortical plate was measured. 
The distance from the palatal roots to the buccal corti-
cal plate through the mesiobuccal (MB) and distobuc-
cal (DB) roots was calculated for teeth with three roots 
(Fig. 3).

Statistical analyses
Statistical analyses were performed using SPSS software 
(version 18.0; SPSS, Inc., Chicago, IL, USA). Root num-
ber and morphology were analysed, and root length was 
measured. The Wilcoxon Mann–Whitney U test assessed 
differences in root length between males and females. 
Chi-square tests were performed to analyse the relation-
ship between RAP and MSF classification.

The distance from the RAP to the MSF was measured, 
and a one-way analysis of variance was used to determine 
if there were statistical differences among the different 
age groups.

The distances from the root apex to the buccal and pal-
atal cortical plates were also statistically analysed. Com-
parisons were made according to the tooth position, side, 

Fig. 2 Cone beam computed tomography images, illustrative diagrams and three-dimensional reconstructions according to the classification of root 
apexes and maxillary sinus (A1—B4: Red line represented the root apex plane (RAP), and the green line represented the maxillary sinus floor (MSF); 
B1—C4: Green represented the MS, C1—C4: Grey represented the maxilla)
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and sex. An independent sample t-test was used for data 
following a normal distribution, while the Mann–Whit-
ney U test was used for non-normally distributed data. 
Differences with a P value < 0.05 were considered statisti-
cally significant.

Results
In total, 500 maxillary molars (254 left, 246 right) with 
1,352 roots from 250 patients (81 males, 169 females) 
met the inclusion criteria.

Root anatomy characteristics
The number of tooth roots ranged from one to four. 
Maxillary first and second molars with three roots had 
the highest proportions, at 97.2 and 57.6%, respectively. 
Two-rooted maxillary second molars constituted 27.2% 
(Fig. 4). Among these, the fusion of the buccal roots with 
a separate palatal root comprised 18%. Fusion of the pal-
atal roots with either MB or DB roots made up 8% and 

1.2%, respectively. One maxillary second molar with four 
roots, consisting of three buccal roots and one palatal 
root, was observed.

The average root lengths of the maxillary first and sec-
ond molars were 12.22 ± 1.51  mm and 12.24 ± 1.47  mm, 
respectively. Males had an average root length of 
12.65 ± 1.62 mm, which was significantly longer than that 
of females at 12.03 ± 1.39 mm (P < 0.05).

Of the 387 three-rooted maxillary molars, two lacked 
buccal root obstruction on the slice image below 3 mm 
from the palatal root apexes. The average distances 
between the MB and DB roots corresponding to the site 
3  mm from the palatal root apexes of the three-rooted 
maxillary first and second molars were 1.88 ± 1.03  mm 
and 1.05 ± 0.70  mm, respectively, with maximums of 
4.8 mm and 2.9 mm.

Relationship between root apexes and MSF

(1) Classification of Relationships between RPA and 
MSF.

In classifying the relationship between RPA and MSF of 
the maxillary first and second molars (Table  1), Type I 
accounted for 78.9% and 83.4%, respectively, exceeding 
Type II. Type I-b was the most common in one-rooted 
maxillary second molars. Among three-rooted maxillary 
molars, Type I-b predominated in the DB roots over the 
MB or palatal roots. In Type II, the proportion of Type 
II-a was low, representing 3.1% and 3.9% for the first and 
second molars, respectively. Type II-b was significantly 
higher in the palatal roots of three-rooted maxillary 
molars than in the MB and DB roots (P < 0.01).

(2) Distance from Root Apexes to MSF.

Fig. 4 The percentage distribution of root numbers in the first and sec-
ond maxillary molars

 

Fig. 3 Maxillary axial CBCT view for measurements. A: The distances from the root apexes of the maxillary first molar to the buccal cortical plate, as well 
as the distance from the apex of the palatal root to the palatal cortical plate. B: The distances from the palatal roots to the buccal cortical plate, passing 
through the MB and DB roots, were calculated for teeth with three roots
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The average distance ranged from 1.98 ± 1.78  mm to 
3.66 ± 2.85  mm. Females had significantly longer dis-
tances than males (P < 0.05), with no significant differ-
ences between the left and right sides. In Type I, the 
distance ranged from 0 to 2 mm (Table 2), with the buc-
cal roots of the maxillary molars having a higher propor-
tion than the palatal roots.

The distance between the root apexes and the MSF 
increased with age in all roots of the maxillary molars, 
and significant differences were found among all groups 
except the 21–30 years group (P < 0.05).

Distance from root apexes to buccal and palatal cortical 
plates
The distances from the MB, DB, and palatal roots to the 
buccal cortical plate in three-rooted maxillary second 
molars were significantly longer than in maxillary first 
molars (P < 0.01). The average distances from the palatal 
roots to the buccal cortical plate in three-rooted maxil-
lary first and second molars were 10.12 ± 1.39  mm and 
10.53 ± 1.48  mm, respectively (Table  3). Males exhibited 
longer distances compared to females (P < 0.05), with no 
statistically significant difference observed between the 
right and left sides. Similarly, the distance from the DB 
roots to the buccal cortical plate was significantly greater 
in males than in females in the three-rooted maxillary 
second molars (P < 0.05).

The distance from the palatal roots to the buccal bone 
plate through the MB roots was significantly shorter than 
through the DB roots in the three-rooted maxillary first 
molars (P < 0.05). Conversely, it was the opposite in the 
second molars (P < 0.05).

The average distance from the palatal root to the palatal 
cortical plate was 1.95 ± 0.98 mm (Table 4). In one-rooted 
maxillary second molars, the distance from the palatal 
root to the palatal cortical plate was greater than that of 
two- and three-rooted maxillary first and second molars. 
In two-rooted maxillary molars, the distance was shorter 
if the palatal root was independent. There was no signif-
icant difference in the distance from the palatal root to 
the palatal cortical plate between the three-rooted maxil-
lary first and second molars. In the three-rooted maxil-
lary first molars, males had significantly greater distances 
than females (P < 0.05). No statistically significant differ-
ence was observed between the right and left sides of the 
three-rooted maxillary molars.

Discussion
This study analysed the root anatomical characteristics of 
maxillary molars, the positional relationship between the 
palatal roots and the MSF, and the buccal and palatal cor-
tical bone surface using CBCT. Unlike previous studies 
[9–14], we reconstructed the teeth, the maxillary sinus, 
and the maxillae using data derived from CBCT scans. Ta

bl
e 

1 
Cl

as
sifi

ca
tio

n 
of

 re
la

tio
ns

hi
ps

 b
et

w
ee

n 
RP

A 
an

d 
M

SF
 in

 M
ax

ill
ar

y 
Fi

rs
t a

nd
 S

ec
on

d 
m

ol
ar

s
Ro

ot
1s

t m
ol

ar
 (N

 =
 2

50
)

2n
d 

m
ol

ar
 (N

 =
 2

50
)

R(
2)

,n
(%

)
R(

3)
,n

(%
)

To
ta

l
n(

%
)

R(
1)

n 
(%

)
R(

2)
,n

(%
)

R(
3)

,n
(%

)
R(

4)
,n

(%
)

To
ta

l
n(

%
)

B
P

M
B

D
B

P
B

P
M

B
D

B
P

M
B

BM
D

B
P

I
I-a

6 (8
5.

71
)

3 (4
2.

86
)

20
0

(8
2.

30
)

19
2

(7
9.

01
)

10
4

(4
2.

80
)

50
5

(6
7.

97
)

21 (5
6.

76
)

50 (7
3.

53
)

45 (6
6.

18
)

10
5

(7
2.

92
)

10
3

(7
1.

53
)

89 (6
1.

81
)

1 (1
00

)
1 (1

00
)

1 (1
00

)
1 (1

00
)

41
7

(6
8.

47
)

I-b
1 (1

4.
29

)
2 (2

8.
57

)
31 (1

2.
76

)
37 (1

5.
23

)
10

 (4
.1

2)
81 (1

0.
90

)
11 (2

9.
73

)
7 (1

0.
29

)
5 (7

.3
5)

27 (1
8.

75
)

30 (2
0.

83
)

11 (7
.6

4)
0 (0

)
0 (0

)
0 (0

)
0 (0

)
91 (1

4.
94

)
II

II-
a

0 (0
)

0 (0
)

9 (3
.7

0)
9 (3

.7
0)

5 
(2

.0
6)

23
 (3

.1
0)

1 (2
.7

0)
2 (2

.9
4)

2 (2
.9

4)
9 (6

.2
5)

9 (6
.2

5)
1 (0

.6
9)

0 (0
)

0 (0
)

0 (0
)

0 (0
)

24 (3
.9

4)
II-

b
0 (0

)
2 (2

8.
57

)
3 (1

.2
3)

5 (2
.0

6)
12

4
(5

1.
03

)
13

4
(1

8.
03

)
4 (1

0.
81

)
9 (1

3.
24

)
16 (2

3.
53

)
3 (2

.0
8)

2 (1
.3

9)
43 (2

9.
86

)
0 (0

)
0 (0

)
0 (0

)
0 (0

)
77 (1

2.
64

)
To

ta
l

7 (1
00

)
7 

(1
00

)
24

3 
(1

00
)

24
3 

(1
00

)
24

3 
(1

00
)

74
3 

(1
00

)
37 (1

00
)

68
 (1

00
)

68
 (1

00
)

14
4

(1
00

)
14

4
(1

00
)

14
4 

(1
00

)
1 (1

00
)

1 (1
00

)
1 (1

00
)

1 (1
00

)
60

9
(1

00
)



Page 7 of 11Huang et al. BMC Oral Health           (2025) 25:21 

This reconstruction allowed for the isolated or simulta-
neous visualisation of these anatomical structures, pro-
viding a clear and comprehensive examination of their 
interrelationships. Our method substantially enhances 
clinicians’ ability to intuitively understand the spatial ori-
entation of the roots, maxillary sinus, and maxillae, offer-
ing value for the preoperative evaluation of endodontic 
microsurgery on palatal roots.

Downward growth of the maxillary sinus contin-
ues until 21 years of age [18]; therefore, all subjects in 
this study were at least 21 years old. Results showed an 
increasing distance between the RAP and the MSF with 
age, consistent with prior findings [10, 20, 21]. This may 
be due to reduced maxillary sinus volume with age, caus-
ing the MSF to move upward [18, 22]. This implies that 
when treating maxillary molars in young patients, maxil-
lary sinus factors must be considered to prevent compli-
cations such as maxillary sinus perforation. Additionally, 
the distance from root apexes to MSF was shorter in 
males than in females, consistent with the findings of Von 
et al. [23] We also measured the root lengths, finding that 
the average root lengths of the maxillary first and sec-
ond molars were 12.22 ± 1.51  mm and 12.24 ± 1.47  mm, 
respectively, consistent with the results of Ren et al. [19] 
The average root length in males was significantly greater 
than in females, which may explain the difference in the 
distance to the MSF between genders. However, a limita-
tion of the present study is the disparity in the number of 
male and female patients. Future studies assessing gender 
differences should consider a larger sample size.

Given that the roots of the maxillary molars are adja-
cent to the maxillary sinus, this study classified the RAP–
MSF relationship into two categories based on whether 
the RAP was higher than the MSF, aiding preoperative 
analysis and risk assessment in both nonsurgical and sur-
gical treatment of maxillary molars. Approximately 20% 
of the maxillary molars exhibited a Type II relationship 
with the maxillary sinus, with Type II-b molars predomi-
nating, particularly in the palatal root of three-rooted 
maxillary first molar (51%), similar to the 45% reported 
by Kalender et al. [14] The proportion of Type II-b in the 
palatal roots of three-rooted maxillary molars was sig-
nificantly higher than that in the MB and DB roots, con-
sistent with previous studies [21, 24–26]. For such cases, 
maxillary sinus elevation should first be completed to 
locate the palatal root apexes and proceed with endodon-
tic microsurgery. Azim et al. [27] reported two cases in 
which apicoectomy was needed on the palatal roots of 
maxillary molars. Surgical intervention includes a buccal 
approach to treat the buccal roots, sinus lift using piezo-
surgery, and palatal root resection. However, after maxil-
lary sinus elevation, it becomes challenging to locate the 
palatal roots due to the distance from the surgical area 
to the buccal side and poor visibility. Recently, guided Ta
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endodontics has been introduced, including static or 
dynamic for endodontic or surgical treatment of com-
plex cases, in order to achieve predictable and safe out-
comes. Static guided endodontics involves the fabrication 
of 3D-printed templates based on CBCT images, surface 
scans and virtual imaging software [28]. And the dynamic 
navigation system is a computer-aided technology that 
provides real-time feedback to the clinician regarding 
the drill path during treatment [29]. Guided endodontics 
shows promise as a technique for endodontic microsur-
gery of palatal roots.

The implant placement literature recommends main-
taining a 2-mm safety zone between vital anatomic struc-
tures, such as nerve canals, and the implant site [30], 
which is also crucial for safe surgical access in endodon-
tic microsurgery. Therefore, even with a RAP–MSF Type 
I relationship, caution is necessary to prevent perfora-
tion. This study calculated the proportions of cases with 
distances ranging from 0 to 2 mm in Type I. The propor-
tion of buccal roots in three-rooted molars was higher 
than that of palatal roots, which aligns with the findings 
of Wang et al. [31]. Although the buccal surgical pathway 
is shorter for the buccal roots compared to palatal roots, 
precise operation is still required to minimise the risk of 
maxillary sinus perforation during surgery. In the event 
of an inadvertent maxillary sinus perforation, it is essen-
tial to prevent foreign objects from entering the sinus for 
subsequent operations.

Furthermore, this study measured the number of roots 
and positional relationships in maxillary molars. Most 
maxillary first molars had three separate roots, whereas 
a lower percentage of second molars had more fused 
roots. These results are consistent with previous stud-
ies [10, 19]. The higher frequency of three-rooted max-
illary second molars reported in earlier studies may be 
attributed to ethnic and regional differences [32, 33]. In 
nearly all cases, the region 3  mm from the root apexes 
of the palatal roots of the three-rooted maxillary molars 
was obstructed by the buccal roots. The average distances 
between the two buccal roots were 1.88 ± 1.03  mm and 
1.05 ± 0.70  mm for the first and second molars, respec-
tively, with the maximum value reaching only 4.8  mm. 
Therefore, endodontic microsurgery on the palatal roots 
from the buccal side often requires microsurgery simul-
taneously on one or both buccal roots. The distance 
from palatal roots to the buccal bone plate through the 
MB roots was shorter than that through the DB roots in 
three-rooted first molars, indicating that in cases where 
both buccal roots lack periapical lesions, establishing 
a surgical pathway through the MB root should be pri-
oritised to complete apicoectomy on the palatal roots. 
However, in three-rooted maxillary second molars, the 
opposite result was observed, complicating palatal root 
apical surgery.Ta
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The average distances from the palatal roots of three-
rooted maxillary first and second molars to the buc-
cal cortical bone surface were 10.12 and 10.53  mm, 
respectively, consistent with findings by Jin et al. [13] 
Kang’s study reported corresponding distances of 12.16 
and 11.28  mm [9], and Lee et al. [34] noted signifi-
cantly greater distances in second molars. Comparisons 
between sexes revealed that the distances from the pal-
atal roots to the buccal cortical bone surface of three-
rooted maxillary molars were significantly longer in 
males than in females, consistent with previous studies 
[9, 14], attributed to skeletal size differences between 
sexes. In two-rooted maxillary molars, when palatal roots 
were separate and buccal roots fused, the average dis-
tances from the palatal root to the buccal cortical plate 
were 10.30 and 10.06 mm, respectively. When the palatal 
root fused with the MB or DB root, the distances from 
the fused roots to the buccal cortical plate were only 2.80 
and 4.32 mm, respectively, with the transverse diameters 
of the fused portions averaging 8.73 and 8.51 mm. There-
fore, if a buccal surgical pathway is desired to remove 
lesions around the palatal root, the distance could still 
exceed 10 mm. Studies have shown significant deviations 
when insertion depths exceed 5 mm [35]. This makes it 
challenging to perform accurate osteotomy and root-
end resection during palatal root endodontic microsur-
gery. Recently, guided endodontic microsurgery has been 
introduced, demonstrating precise osteotomy site, angu-
lation depth, and diameter [36]. Giacomino et al. [37] 
reported a case that involved apical surgery addressing 
the fused DB and palatal root using three-dimensional 
printed surgical guides.

This study also measured the distance from the pala-
tal roots of the maxillary molars to the palatal bone 
plate, which averaged 1.95 ± 0.98  mm. The distance in 
one-rooted maxillary second molars exceeded that in 
the double and triple-rooted maxillary molars. In three-
rooted maxillary molars, the distance decreased when 
the palatal root was isolated. Thus, the insertion depth 
can be significantly reduced when surgery is performed 
from the palatal side. However, complex and critical ana-
tomical structures present challenges. Relevant research 
indicated that targeted endodontic microsurgery (TEMS) 
of the maxillary palatal root, which combined the use of 
trephine burs and 3D-printed guided to perform flapless 
maxillary palatal root-end surgery, could achieve a 2-mm 

safety margin in 47% of first molars and 52% of second 
molars [38]. Some case reports have attempted palatal 
root endodontic microsurgery of maxillary molars on the 
palatal side [37]. However, another challenge is obtain-
ing a clear view and adequate operating space. Static and 
dynamic navigation technologies can only assist in oste-
otomy and root-end resection [37, 39], but operators still 
rely on microscopes for root-end preparation and filling. 
Notably, the position of the operator remains challeng-
ing. Despite avoiding major blood vessels, bleeding after 
flipping the palatal flap is more frequent due to thicker 
gingiva, and this may obstruct the operational field of 
view. Therefore, future researches are needed to guide 
the process of real-time root-end preparation and filling 
under the navigation.

Conclusion
Within the scope of this study, the findings show that 
the buccal roots almost entirely obscure the palatal root 
apexes of the maxillary molars. The proportion of pala-
tal root apexes positioned higher than the maxillary sinus 
floor is greater than that of other roots. Additionally, the 
distance between the palatal root apexes and the maxil-
lary sinus increases with age, with an average distance of 
approximately 10 mm to the buccal cortical plate. CBCT 
proves to be a powerful tool for evaluating surgical cases 
with accurate measurements. Understanding the ana-
tomical profile of the palatal roots of the maxillary molars 
and their relation to adjacent anatomical structures is 
beneficial for preoperative difficulty assessment, selecting 
optimal strategies, and preventing complications.
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