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Measurement of the relationship between maxillary premolar roots and the maxillary sinus floor using cone
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[ Abstract] Objective To analyze the spatial relationship between the roots of maxillary anterior premolars and the
maxillary sinus, thus providing an anatomical basis for timing, planning, surgical approaches, and implant selection at
this site. Methods Cone beam CT (CBCT) images were collected from 264 patients (aged 20-65 years) who visited the
Ruihua Dental Clinic between January 2017 and March 2023. The minimum distance from the apex of the maxillary an-
terior premolar roots to the lower wall of the maxillary sinus was measured on the coronal plane. The classification of the
vertical relationship between the tooth root and the lower wall of the maxillary sinus was performed, and comparisons
were made bilaterally, between genders, and among different age groups. Results The minimum distance (Q,,) from the

apex of the first maxillary premolar root to the lower wall of the maxillary sinus was 7.34 mm for the single-root type,
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7.80 mm for the buccal root of the double-root type, and 7.36 mm for the palatal root. For the second maxillary premo-
lar, the median distance was 2.56 mm for the single root type, 1.73 mm for the buccal root type, and 1.23 mm for the
palatal root type. There was a significant difference in the shortest distance from the apex of the right second maxillary
premolar single root to the lower wall of the maxillary sinus among the different age groups (P < 0.05), with the 20-29-
year-old group having the smallest median distance (1.52 mm) and the > 40-year-old group having the largest (4.44 mm).
There was no significant difference in the effect of sex or laterality on distance (P > 0.05). The most common vertical
relationship between the apex of the maxillary anterior premolar roots and the lower wall of the maxillary sinus was non-
contact. There was no significant difference in the vertical relationship classification between the single-root and dou-
ble-root types (P > 0.05). Conclusion Most maxillary first premolar roots can provide sufficient bone height, which
makes it easy to achieve immediate implantation. The maxillary second premolar root frequently involves insufficient
bone, which is necessary to make full use of the bone wall of the extraction socket or the sinus floor cortical bone to
achieve initial stability. The vertical relationship between the premolar root and maxillary sinus was influenced by age
and dental position. Younger age groups often exhibit inadequate bone height, and the indication for immediate implan-
tation should be carefully considered. The number of roots does not significantly affect the relationship between the
sinus and root; however, double-rooted premolars offer more support for immediate implantation and socket healing due
to the small root diameter and bony separation between the roots.

[Key words] maxillary premolars; maxillary sinus; root; cone beam CT; the shortest distance; the number of roots;
vertical relationship; immediate implant
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In the coronal view, during the measurement process, if the floor of the maxillary sinus was located above
the apex of the tooth root, the corresponding measurement value was recorded as a positive number. Con-
versely, if the floor of the maxillary sinus was below the apex of the tooth root, the value was defined as a

negative number. In cases where the floor of the maxillary sinus touches the apex of the tooth root, the mea-

Figure 1  Evaluation of the minimal distance between the root apex of maxillary posterior teeth

and the maxillary sinus floor in the coronal plane
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Type I : no maxillary sinus above the apex of the root; Type
Il': the apex is located below the maxillary sinus; Type Ill: the
apex of a single root or the buccal or palatal root touches the
Single-root floor of the maxillary sinus without penetrating the sinus mem-
brane; Type IV: the apex of a single root or the buccal or pala-
tal root extends into the mucosa of the maxillary sinus

Double-root

Figure 2 Vertical relationship between the apex of a
single-root maxillary premolar and the apex of a double-
root maxillary premolar and the inferior wall of the max-
illary sinus
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Table 1~ Minimum distance from the maxillary premolars root apices to the maxillary sinus floor on both sides  Qy, (Q.s, Q.5)

First premolar

Second premolar

Single-root

Buccal root

Palatal root

Single-root

Buccal root

Palatal root

All 7.34(2.73, 11.98) 7.80 (4.50, 13.37) 7.36 (3.29, 13.05) 2.56 (0.59, 7.00) 1.73 (0.47, 5.43) 1.23 (0.00, 4.62)
Right 7.52(3.42, 12.70) 7.64 (4.26, 12.93) 6.89 (2.68, 12.66) 2.35(0.43, 6.92) 1.56 (0.42, 3.90) 1.23(0.00, 3.72)
Left 7.08 (2.68, 10.71) 8.91 (4.82, 13.58) 7.64 (4.19, 13.79) 2.86 (0.72, 7.15) 2.05(0.67, 5.74) 1.40 (0.50, 4.85)

Z -0.581 -0.846 -0.967 -0.670 -0.516 -0.590

P 0.562 0.398 0.334 0.503 0.606 0.555

T2 TR AU 5RO AR AR S b RIS T BE A i e
Table 2 Minimum distance between the apices of right premolar roots and maxillary sinus in different gender group Q. (Q,;, Qss)
First premolar Second premolar
Gender

Single-root Buccal root Palatal root Single-root Buccal root Palatal root
Male (n = 476) 7.85(3.37,12.65)  8.02(3.50, 13.47)  7.80(2.45, 12.78) 1.89 (0.56, 6.69) 1.17 (0.44, 2.97) 0.66 (0.00, 1.86)
Female (n = 316) 7.48 (3.64,12.74)  7.32(4.98,12.11)  6.59(3.83, 11.98) 2.84 (0.00, 7.00) 3.72 (0.93, 4.58) 2.74 (0.70, 4.34)
A -0.403 -0.342 -0.268 -0.278 -0.684 -0.798

P 0.687 0.732 0.789 0.781 0.494 0.425
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Table 3 Minimum distance between the apices of left premolar roots and maxillary sinus in different gender group — Qs(Q,s, Os5)

First premolar Second premolar

Gender

Single-root Buccal root Palatal root Single-root Buccal root Palatal root
Male (n = 476) 7.50 (3.47,10.76)  7.07 (4.24, 13.62)  7.14 (3.32, 14.02) 2.90 (0.90, 6.90) 2.11 (0.95, 5.49) 1.20 (0.77, 4.93)
Female (n = 316) 6.12(2.20, 10.29)  9.02 (6.00, 13.44)  7.96 (5.50, 13.11) 2.67 (0.11, 7.16) 1.40 (0.50, 6.04) 2.70 (0.50, 4.62)
A -0.758 -1.184 -1.19 -1.081 -0.222 -0.222

P 0.449 0.236 0.234 0.280 0.824 0.824

R4 TR LA O L AT OF 5 S T RE A i A

Table 4 Minimum distance between the apices of right premolar roots and maxillary sinus in different age group Qs Qys, Os5)

First premolar Second premolar

Agelyear - -
Single-root Buccal root Palatal root Single-root Buccal root Palatal root

6.42 (2.04,9.51) 6.99 (2.88, 12.51) 6.42 (3.22, 12.80) 1.52 (0.00, 5.06) 1.53(0.39,2.53)  0.47(0.00, 2.29)
8.28 (4.35, 13.59) 7.98 (4.31, 12.31) 7.37 (2.30, 11.97) 2.83(0.68, 7.65) 0.84 (0.23, 3.81) 1.23(0.19, 3.23)

20-29 (n = 300)
30-39 (n = 366)

>40 (n = 126) 11.12(2.56, 13.83)  8.91 (5.36, 16.96) 9.00 (4.93, 16.65) 4.44(1.00, 8.94y"  8.64 (6.03, 11.25)  5.74 (3.90, 7.58)
H 4.492 1.444 0.972 9.308 2.246 2.303
P 0.106 0.486 0.615 0.010 0.325 0.316

a: vs. 20-29 year-old group, P < 0.05; b: vs. 30-39 year-old group, P < 0.05
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Table 5 Minimum distance between the apices of left premolar roots and maxillary sinus in different age group Qg (Q.s, Qs5)

First premolar

Second premolar

Agelyear

Single-root Buccal root

Palatal root

Single-root Buccal root Palatal root

20-29 (n = 300) 5.16 (2.00, 9.97)
30-39 (n = 366) 7.96 (3.69, 11.63)

=40 (n = 126) 7.55(2.44,9.99)

6.92 (4.72,10.71)  6.29 (4.35, 10.87)
10.14 (4.67, 14.92)  9.88(3.29, 14.33)
10.65 (5.76, 15.92)  9.93 (4.14, 15.72)

1.83 (0.00, 5.35) 1.69 (0.00, 4.47)  5.16 (2.00, 9.97)
2.89 (0.89, 9.06) 2.11(0.73, 8.19)  7.96 (3.69, 11.63)

3.27 (1.43, 6.54) 416 (2.73,9.02)  7.55(2.44,9.99)

H 4.838 2.643
P 0.089 0.267

1.639

0.441

5.833 2.161 4.838
0.054 0.339 0.089
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Table 6  Classification and proportional description of the vertical relationship between the apices of the anterior maxillary

premolars and the inferior wall of the maxillary sinus n (%)
Vertical relationship
Total ba P
Type | Type Il Type 1l Type IV
Single-root 13 (9.56) 115 (84.56) 5(3.68) 3(2.20) 136
Right first premolar 2.632 0.414
Double-root 10 (8.62) 100 (86.21) 6(5.17) 0(0) 116
Single-root 2 (0.89) 170 (75.89) 37 (16.52) 15 (6.70) 224
Right second premolar 2.614 0.473
Double-root 0(0) 12 (70.59) 5(29.41) 0(0) 17
Single-root 16 (11.68) 116 (84.67) 3(2.19) 2 (1.46) 137
Left first premolar 0.471 0.939
Double-root 6(5.17) 106 (91.38) 3(2.59) 1(0.86) 116
Single-root 2(0.88) 179 (78.51) 36 (15.79) 11 (4.82) 228
Left second premolar 3.742 0.287
Double-root 0(0) 21(77.78) 5(18.52) 1(3.70) 27

Type | -Type IV classification is shown in Figure 2. Type [ : there is no maxillary sinus above the apex of the root; Type Il : the apex is located below

the maxillary sinus; Type Il : the apex of a single-root or the buccal or palatal root touches the floor of the maxillary sinus without penetrating the sinus

membrane; Type [V: the apex of a single-root or the buccal or palatal root extends into the mucosa of the maxillary sinus
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