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Fig. 1. Measurements on the anterior view of the skull. (a) Measurements on median line, (b) Measurements around orbit, (c) Mea-
surements from akanthion, n: nasion, rhi: rhinion, ak: akanthion, pr: prosthion, mf: maxillofrontale, fmo: frontomalare orbitale,
SON: supraorbital notch, zo: zygoorbitale, mmf: maxillo- nasofrontale, zy: zygion, zm: zygomaxillare, ekm: ektomolare, |[EJC:

theinferior edge of jugal crest, or: orbitale
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Table 1. Measured values on the median line of the anterior view of the skull (Unit: mm)
n-pr n-rhi rhi-ak ak-pr
Group
Mean SD n Mean SD n Mean SD n Mean SD n
All All 7422 739 40 25.72 4.19 40 30.31 441 40 2093 456 40
Sex Male 77175 726 21* 26.30 4.89 21 32.77 3.63 21* 2205 406 21
Female 7031 541 19 25.08 3.28 19 27.58 354 19 1969 486 19
n: nasion, rhi: rhinion, ak: akanthion, pr: prosthion
*differences between male and female are significant from statistical results(p< 0.01).
Table 2. Measured values around the orbit on the anterior view of the skull (Unit: mm)
G Transverse length Vertical length mf-fmo SON-zo
rou
P Mean Sb n Mean Sb n Mean SD n Mean Sb n
All All 39.69 214 50 38.10 181 50 38.27 2.28 50 35.46 224 50
Sex Male 39.85 217 26 38.49 1.83 26 38.55 2.20 26 35.57 213 26
Female 39.51 213 24 37.69 172 24 37.97 237 24 3534 240 24
Side Right 39.48 2.38 25 38.40 2.03 25 38.02 2.20 25 35.34 215 25
Left 39.89 1.89 25 37.81 153 25 38.52 2.36 25 35.58 2.36 25
mf: maxillofrontale, fmo: frontomalare orbitale, SON: supraorbital notch, zo: zygoorbitale
Table 3. Measured values from the akanthion on the anterior view of the skull (Unit: mm)
ak-mnf ak-zo ak-zy ak-zm
Group
Mean Sb n Mean SD n Mean Sb n Mean SD n
All All 4980 384 82 3751 347 82 8140 664 82 5398 443 82
Sex Mae 5237 264 A44** 39.08 343 44+ 8458 563 44** 56.26 349  44**
Female 4681 267 38 3568 250 38 77172 582 38 51.35 394 38
Side Right 4994 380 41 3719 355 41 80.89 651 41 5359 466 41
Left 4965 392 41 3783 340 41 8191 682 41 5438 421 41
ak-ekm ak-1EJC ak-or
Group
Mean Sb n Mean SD n Mean Sb n
All All 4530 499 82 4354 369 82 4670 577 82
Sex Mae 46.39 521 44 4461 422 A4+ 4771 394 44
Female 4404 445 38 4229 247 38 4554 723 38
Side Right 4441 418 41t 4265 358 41t 4654 575 41
Left 4620 559 41 4443 362 41 4687 586 41

ak: akanthion, mnf; maxillo-nasofrontale, zo: zygoorbitale, zy: zygion, zm: zygomaxillare, ekm: ektomolare, IEJC: the inferior edge of jugal crest, or:

orbitale

*differences between male and female are significant from statistical results(p< 0.05).
** differences between male and female are significant from statistical results(p< 0.01).

T differences between right and left are significant from statistical results(p< 0.01)
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Table 4. Measured values from the porion on the |ateral view of the skull (Unit: mm)
po-ju po-STZS po-zo po-ITZS po-zm
Group

Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n
All - All 61.78 4.03 50 55.67 396 82 8710 6.75 82 46.72 414 82 7212 493 82
Sex Male 61.77 4.65 26 56.43 412 44 8854 566 44* 4725 400 44 7287 583 44
Femae 6180 333 24 5480 363 38 8543 756 38 46.10 4.28 38 7125 351 38
Side Right 61.23 4.03 25t 5553 396 41 8735 545 41 46.71 440 41 7231 468 41

Left 6233 4.03 25 5581 4.01 41 8684 790 41 46.72 393 41 7193 522 41

po: porion, ju: jugale, STZS: the highest point of the temporozygomatic suture on the zygomatic notch, zo: zygoorbitale, ITZS: the lowest point of the
temporozygomatic suture on the zygomatic arch, zm: zygomaxillare

*differences between male and female are significant from statistical results(p< 0.05).

T differences between right and left are significant from statistical results(p< 0.05).

Table 5. Measured values from the jugale on the | ateral view of the skull (Unit: mm)
ju-n ju-rhi ju-zo ju-ak ju-pr
Group
Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n
All All 6648 393 50 6781 485 50 3832 320 50 70.69 7.98 50 8221 515 50
Sex Mae 65.78 452 26 66.88 543 26 37.70 368 26 7091 512 26 82.16 557 26
Female 6723 310 24 68.81 401 24 39.00 248 24 7044 1034 24 8226 4.77 24
Side Right 65.14 372 25* 65.56 4.47 25** 3767 350 25 67.67 9.76 25** 80.28 5.08 25*
Left 6781 374 25 70.05 419 25 3898 278 25 7370 396 25 84.14 454 25
ju-zm ju-STZS ju-ITZS ju-po
Group
Mean  SD n Mean SD n Mean SD n Mean SD n
All All 2871 820 50 647 211 50 2012 313 50 6158 460 50
Sex Mae 2756 353 26 643 228 26 19.92 237 26 60.63 370 26
Female 29.95 1124 24 651 195 24 2033 383 24 6261 531 24
Side Right 2893 1120 25 691 226 25 19.03 269 25* 61.16 397 25

Left 2848 341 25 6.03 189 25 2121 320 25 6201 521 25

ju: jugale, n: nasion, rhi: rhinion, zo: zygoorbitale, ak: akanthion, pr: prosthion, zm: zygomaxillare, STZS: the highest point of the temporozygomatic
suture on the zygomatic notch, ITZS: the lowest point of the temporozygomatic suture on the zygomatic arch, po: porion

*differences between right and left are significant from statistical results(p< 0.05).

**differences between right and |eft are significant from statistical results(p< 0.01).
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Fig. 2. Measurements on the lateral view of the skull, (a) Measurements from porion, (b) Measurements from jugale, po: porion, ju:
jugale, STZS: the highest point of the temporozygomatic suture on the zygomatic notch, zo: zygoorbitale, ITZS: the lowest point
of the temporozygomatic suture on the zygomatic arch, zm: zygomaxillare, n: nasion, rhi: rhinion, ak: akanthion, pr: prosthion.

Table 6. Measured values on the basal view of the skull (Unit: mm)
ol-IF IF-av ol-av
Group
Mean sb n Mean sD n Mean sb n
All All 13.75 6.33 41 39.66 4.07 24 50.13 7.82 40
Sex Male 15.07 7.68 22 40.95 4.50 13 50.89 9.49 22
Female 12.22 395 19 38.12 3.00 11 49.21 525 18

ol: orale, IF: incisive fossa, alv: alveolon

Fig. 3. Measurements on the basal view of the skull ol: orale, IF:

incisive fossa, alv: alveolon
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Table 7. Measured values of the distance between the akanthion and the three points of the maxillary sinus (Unit: mm)
ak-SP ak-LP ak-1P
Group
Mean sD n Mean sb n Mean sD n
All All 27.91 2.87 49 46.72 5.80 49 30.93 541 49
Sex Male 28.98 2.84 26** 47.92 6.56 26 32.13 4.83 26
Female 26.70 244 23 45.36 458 23 29.57 5.81 23
Side Right 27.58 3.00 24 45.76 6.32 24 30.01 6.02 24
Left 28.23 2.77 25 47.64 5.22 25 31.81 4.70 25

ak: akanthion, SP: the superior point or the nasoorbital point, LP: the lateral point or the zygomatic point, | P: the inferior point or nasoal veolar point
**differences between male and female are significant from statistical results (p< 0.01).

Table 8. Measured values of the distance between the prosthion and the three points of the maxillary sinus (Unit: mm)
pr-SP pr-LP pr-1P
Group

Mean sD n Mean sD n Mean sD n

All All 42.63 4.66 49 55.57 6.45 49 34.53 5.38 49

Sex Male 43.49 4.46 26 56.11 7.63 26 36.14 4.66 26*
Female 41.65 478 23 54.95 4.88 23 32.72 5.65 23

Side Right 42.65 4.79 24 55.81 6.05 24 34.26 6.09 24
Left 42.61 4.63 25 55.33 6.93 25 34.79 471 25

pr: prosthion, SP: the superior point or the nasoorbital point, LP: the lateral point or the zygomatic point, I P: the inferior point or nasoalveolar point
*differences between male and female are significant from statistical results(p< 0.05).

(b)
Fig. 4. Measurements on the three points of the anterior wall of the maxillary sinus. (2) Measurements from akanthion, (b) Mea

surements from prosthion, ak: akanthion, pr: prosthion, SP: the superior point or the naso-orbital point, LP: the lateral point or
the zygomatic point, |P: the inferior point or nasoalveolar point.
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Table 9. Measured values on lateral view of the C-arm image of the skull (Unit: mm)
Length of the Length of the Length of the Angle of the
Group anterior border posterior border superior borde maxillary sinus
Mean SD n Mean SD n Mean SD n Mean SD n
All All 20.06  6.07 80 38.03 7.09 80 33.99 4.42 80 33.10 9.90 80
Sex Mae 2876  5.22 44 39.05 755 44 34.00 5.19 44 3361 1094 44
Female 2944 704 36 36.78  6.38 36 33.97 333 36 32.47 857 36
Side Right 28.83 5.98 40 3735 6.86 40 34.22 4.25 40 3134 1046 40
Left 2930 6.23 40 3871 734 40 33.76 4.63 40 34.86 9.08 40
Angle between OAE OBOAE-OCOAE OBOAE-DPOAE DPOAE-poOAE
Group and production of length
Mean SD n Mean SD n Mean SD n Mean SD n
All All 46.61 9.11 80 13463 874 42 30.82 4.19 42 4461 404 42
Sex Male 45.30 6.47 a4 136.92 8.78 24* 31.20 5.07 24 45.49 404 24
Female 4822 11.44 36 13157 791 18 30.31 2.66 18 4344 384 18
Side Right 47.48 8.78 40 132.20 9.55 21 31.22 441 21 43.87 459 21
Left 45.75 9.45 40 13705 7.29 21 30.42 4.03 21 4535 336 21

OAE: Frankfort horizontal (Ohr-Augen-Ebene), OBOAE: the lowest point of the orbit on OAE, OCOAE: the occipital point on OAE, DPOAE: the
deepest point of the maxillary sinus on OAE, poOAE: the porion on OAE
*differences between male and female are significant from statistical results(p< 0.05).

(@) (b) (c)

Fig. 5. Measurements on the lateral view of the C-arm image of the skull. (a) Borders of the maxillary sinus, (b) Angles between
borders of the maxillary sinus, (c) Measurements on the Frankfort plane (orbitomeatal plane), OAE: Frankfort horizontal (Ohr-
AugenEbene), OBOAE: the lowest point of the orbit on OAE, DPOAE: the deepest point of the maxillary sinus on OAE,
POOAE: the porion on OAE, OCOAE: the occipital point on OAE.
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Table 10. The volume of maxillary sinus (Unit: mm)
Volume
Group
Mean SD n

All All 12.83 5.41 84
Sex Male 14.23 5.92 44*

Female 11.29 4.37 40
! Right 13.18 5.05 42
Sde et 12.48 5.79 42

*differences between male and female are significant from stati-stical

results(p< 0.05). Cited from Lee et al. (2008).
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Table 11. The width, the height and the length of the maxillary sinus (Unit: mm)
Width of Height of Anteroposterior Anteroposterior length

Group maxillary sinus maxillary sinus length on C-arm radiography
Mean SD n Mean SD n Mean SD n Mean SD n

All All 2659 4.9 86 26.65 6.16 86 36.99 472 50 32.84 496 80

Sex Male 27.06 549 45 27.07 5.68 45 37.04 5.09 26 3371 544 44
Female 26.08 4.33 41 26.19 6.69 41 36.93 4.39 24 3177 412 36

Side Right 2718 5.05 44 26.85 6.02 44 37.49 5.14 25 32.80 479 40
Left 25.97 4.85 42 26.45 6.37 42 36.48 4.29 25 32.87 518 40

Cited from Lee et al. (2008).
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Table 12. Correlation coefficient among volume, width, height, actual length, C-arm length of the maxillary sinus and the other

parameters
Volume Width Height Actua length C-Arm length

Volume 1 .624** .680** 754** 714>
Width .624** 1 .669** A44** .555**
Height .680** .669** 1 .503** .570**
Actual length .754** 444** .503** 1 714**
C-Arm length .714** .555%* .570** 714** 1*
Age —.240* —.099 —.223* —.042 —.301**
Length of ant. border .500** .652** .819** .384* 445**
Length of posteroinf. border .674%* .602** .696* * .596** 914**
Length of posterosup. border .652** .504** A460** 763** 787**
Angle of OAE-length —-.099 77 .292** -.181 —.364**
OBOAE-OCOAE .258 .156 .305* 221 .085
OBOAE-DPOAE .680** .642%* .516** 1297+ .702%*
DPOAE-poOAE —.384* —-.267 — 412%* —.319* —.392*
n-rhi —.307** -.127 —-.101 -.123 —-.273*
orbit height .031 144 .317* —.187 .140
mf-fmo .324* .167 .143 .256 .288
orbit width .349* .075 .208 .348* .365*
ak-mnf .318** .202 .220* —-.079 .186
ak-zy .323** .314** .321** 194 .353**
ak-zm .390** A4471** .225* .358* .314**
ak-ekm .298** .323** 401** .312* .450**
ak-1EJC 439** 426** .406** .367** .405**
po-ju .091 .035 .081 402+ * 107
po-zo .236* .186 277* .388** .339%*
po-1TZS .184 .321** .307** 379%* .267*
po-zm .077 .044 .060 .312* .202
ju-ak —.118 .060 —-.176 —.333* 114
ak-SP .276 195 372%* .108 .209
ak-LP .615** .708** .535** A73+* .592**
ak-1P .392%* .296* 413> .313* .294
pr-SP 219 .264 .571** .165 .321*
pr-LP 453** .655** .528** 371** S17**

OAE: Frankfort horizontal (Ohr-Augen-Ebene), OBOAE: the lowest point of the orbit on OAE, OCOAE: the occipital point on OAE, DPOAE: the
deepest point of the maxillary sinus on OAE, poOAE: the porion on OAE, n: nasion, rhi: rhinion, mf: maxillofrontale, fmo: frontomalare orbitale, ak:
akanthion, mnf: maxillo-nasofrontale, zy: zygion, zm: zygomaxillare, ekm: ektomolare, IEJC: the inferior edge of jugal crest, po: porion, ju: jugale, zo:
zygoorbitale, ITZS: the lowest point of the temporozygomatic suture on the zygomatic arch, pr: prosthion, SP: the superior point or the nasoorbital
point, LP: the lateral point or the zygomatic point, |P: the inferior point or nasoalveolar point

*Correlation is significant at the 0.05 level.
**Correlation is significant at the 0.01 level.
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Table 13. Multiple regression analysis for the volume of the maxillary sinus

Standardized

Dependent variable B SEB coefficients t P-vaue
(constant) —22.178 3.524 -6.294 0.000
Volume actual length 0.692 0.114 0.571 6.058 0.000
height 0.355 0.080 0.419 4.449 0.000

R?=0.759, F=26.808**
Dependent variable B SEB Standgrf:il zed t P-value

coefficients

(constant) —35.147 10.991 —-3.198 0.003
Volume ak-LP 0.515 0.100 0.573 5.127 0.000
orbit width 0.614 0.270 0.254 2271 0.028

R?=0.441, F=18.142**
ak: akanthion, LP: the lateral point or the zygomatic point
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Abstract

Regressive Equation of the Maxillary Sinus

Hwa-Hae Jeong, Duk-Ku Lee, Youn-Kyoung Seo, Changzhu Jin!, Doo-Jin Paik

Department of Anatomy and Cell Biology, College of Medicine, Hanyang University
!Department of Anatomy, School of Clinical Medicine, Binzhou Medical University

It isimportant that the surgeons expect difference in the volume of the maxillary sinus during endoscopic surgery be-
cause avariation in volume of the maxillary sinusisrelated to avariation in anatomical landmarks.

Forty four Korean skulls (88 sinuses, 23 M/21F) were used in this study. Anatomical landmarks around the maxillary
sinus were measured. The significant variables (r>0.03, P< 0.05) out of measured variables were pick out by use of
SPSS-13.0 program. The regression equation models were developed by multiple regression analysis.

The volume of maxillary sinus showed a high correlation with 19 variables included the width, height, depth of the
maxillary sinus, depth on C-arm radiography, length of three borders of maxillary sinus, distance between the lowest
point of orbit and the deepest point of maxillary sinus, distance between the deepest point of maxillary sinus and the
porion, width of orbit, measured values from akanthion. The regression equation model for prediction of the volume of
the maxillary sinus was volume=0.692 x (the anteroposterior length of the maxillary sinus)-+0.355 X (the height of the
maxillary sinus)-22.178.

This study ascertained variables of a high correlation with volume of the maxillary sinus and would be useful to de-
velop the regression model for prediction of volume of the maxillary sinus.

Key words: Maxillary sinus, Volume, Regression equation
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