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Abstract

Aim: The aim of this study was to investigate the effect of pelvis type on the
trans-sacral (TS) screw corridor diameter.

Material and Method: Pelvis computed tomography (CT) scans between
2017 and 2020 were retrospectively reviewed. Age, gender, height, weight
and body mass index (BMI) of the patients were determined during the CT
examination. Pelvic CT scans were examined using the imaging system's
multi-plane reconstruction (MPR) mode, and the TS screw corridor was
measured for both the upper and second sacral segments. In addition, pelvic
incidence (Pl), sacral tilt (SS), and pelvic tilt (PT) values were measured. Pelvis
typing was performed using the large transverse diameter, anteroposterior
diameter, interspinous, intertuberocytosis, transverse outlet diameter,
sagittal mid-pelvic diameter, and sagittal outlet values.

Results: 81(38%) male and 132(62%) female patients were included in the
study. Gynecoid pelvis type was more common in females and android
pelvis in males (p <0.001). The largest diameters in the TS screw corridor
at the S1 level belonged to the anthropoid pelvis type. However, in the
TS corridor at the S2 level, there was a significant difference between the
pelvis-type groups in the mean values of AP and CC (p <0.001). The effect
of gender difference on the TS screw corridor width at the S1 and S2 levels
was significant. An adequate corridor width for the TS screw corridor was
detected in 50.8% of females and 67.9% of males at the S1 level, while in
21.2% of females and 70.4% of males at the S2 level.

Conclusion: There is a significant difference in the dimensions of the trans-
sacral screw corridor according to the pelvis type and gender, with the
largest diameter observed in the anthropoid pelvis type and males. In critical
situations, especially in males and individuals with android-anthropoid
pelvis, the trans-sacral screw option can be considered primarily not only
for the S1 trans-sacral corridor but also for the S2 trans-sacral corridor in
pelvic posterior ring injuries.

Keywords: Trans-sacral screw corridor, pelvis type, android pelvis, sacrum
fracture
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Amag: Bu calismanin amaci, pelvik tipin trans-sakral (TS) vida koridor capi
Uzerindeki etkisini arastirmaktir.

Gereg ve Yontem: 2017 ile 2020 yillari arasinda elde edilen pelvik bilgisayarli
tomografi (BT) taramalari retrospektif olarak incelendi. Hastalarin yas, cinsiyet,
boy, kilo ve viicut kitle indeksi (VKI) bilgileri BT muayenesi sirasinda belirlendi.
Pelvik BT taramalari gorintileme sisteminin ¢oklu dizlem rekonstriiksiyon
(MPR) modu kullanilarak incelendi ve Ust ve ikinci sakral segmentler icin TS
vida koridoru 6l¢lldu. Ayrica, pelvik inklinasyon (Pl), sakral egim (SS) ve pelvik
egim (PT) degerleri dlculdu. Pelvik tiplemesi buyuk ¢ap, anteroposterior ¢ap,
interspindz, intertiiberokitoz, capraz ¢ikis capl, sagittal orta pelvik cap ve
sagittal ¢ikis degerleri kullanilarak yapildi.

Bulgular: Calismaya 81 (%38) erkek ve 132 (%62) kadin hasta dahil edildi.
Ginekoid pelvik tip kadinlarda daha yayginken, erkeklerde android pelvis daha
yaygindi (p < 0.001). ST duzeyinde TS vida koridorundaki en buytk ¢aplar
antropoid pelvik tipine aitti. Bununla birlikte, S2 dizeyinde TS koridorunda,
pelvik tip gruplar arasinda AP ve CC ortalama degerleri bakimindan anlamli
fark vardi (p < 0.001). Cinsiyet farkinin S1 ve S2 duzeylerinde TS vida koridor
genisligi Uzerindeki etkisi Gnemliydi. ST duzeyinde uygun bir koridor genisligi,
kadinlarin %50.8'inde ve erkeklerin %67.9'unda tespit edildi, S2 dizeyinde ise
kadinlarin %21.2'sinde ve erkeklerin %70.4'tinde goruldd.

Sonug: Trans-sakral vida koridorunun boyutlarinda pelvik tip ve cinsiyet
acisindan 6nemli bir fark vardir; en buylk ¢ap antropoid pelvik tipinde ve
erkeklerde gozlemlenir. Ozellikle erkeklerde ve android-antropoid pelvisli
bireylerde kritik durumlarda, pelvik posterior halka yaralanmalarinda sadece
S1 trans-sakral koridor igin degil, ayni zamanda S2 trans-sakral koridor icin de
trans-sakral vida secenegi 6ncelikli olarak dustnulebilir.

Anahtar Kelimeler: Trans-sakral vida koridoru, pelvis tipi, android pelvis,
sakrum kingi
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INTRODUCTION

The incidence of unilateral or bilateral U or H-shaped sacral
fractures and pelvic ring fractures due to high-energy
traumas has increased in parallel with the development of
high technology.? Additionally, due to the increase in the
elderly population, the frequency of sacral fractures caused
by osteoporosis, posterior pelvic ring injuries, sacroiliac joint
dislocation, and sacrum and pelvis insufficiency fractures
is also increasing.?? Some studies in the literature indicate
that iliosacral screw fixation may not yield sufficient stability,
whereas the placement of transiliac-trans sacral screws could
offer an alternative fixation opportunity and provide more
effective stability by allowing cortical fixation on the distal
side of the injury and a much longer implant.>®

Trans-sacral (TS) screw fixation has recently been routinely
used to treat pelvis posterior stabilization.”” However,
despite its clinical importance, applying trans-sacral implants
with minimally invasive techniques is challenging due to
anatomical variations in the pelvis and sacral regions and
dysmorphism. Moreover, the individual variability of sacrum
morphological characteristics makes this procedure even
more difficult® Therefore, this is a technically complex
procedure that requires performers to fully understand the
anatomy of the pelvis, pelvic osseous fixation pathways, and
their fluoroscopic imaging to ensure safe iliosacral screw
placement. The procedure's safe and effective placement of
these screws is also essential.”?

Biomorphometric data on how the TS corridor can change
due to changes in pelvic inlet anatomy and how the Pl value
can affect bone corridors are relatively scarce. In the general
population, performing pelvic measurements to describe the
feasibility rates of trans-sacral screw placement of android,
gynecoid, anthropoid, and platypelloid pelvis morphologies
in females and males, and identifying pelvis type-specific
differences in trans-sacral corridor dimensions and the impact
of pelvis type on the trans-sacral corridor, could improve
understanding of patient-specific differences in terms of
risks and motivate the development of treatment strategies
that take into account anatomical pelvic differences. For this
reason, the present study aimed to evaluate pelvic types
using CT anatomical scans to determine the feasibility rates of
trans-sacral screw fixation in men and women and investigate
the effect of pelvis type on TS corridors and Pl values.

MATERIAL AND METHOD

The study was designed as a retrospective cohort study in
accordance with the World Medical Association Declaration
of Helsinki guidelines, after obtaining local institutional ethics
committee approval (No: 21-KAEK-236). Pelvic CT images
with T mm cross-section width taken for diagnosis in trauma
patients over the age of 18 who applied to the university
hospital emergency department between 2017 and 2020
were examined. Images were analyzed using the PACS
(Patient Archiving Computer System, Sectra) system. The

exclusion criteria comprised diseases that disrupt proximal
femur anatomy, such as spinal deformity, coxarthrosis,
developmental dysplasia of the hip, and a history of recent
or past fractures of the sacrum, lumbar, pelvis, acetabulum,
and proximal femur. The patients' age, gender, height, weight
and BMI measurements for both the upper and second sacral
segments were retrospectively reviewed.

Four study groups were constituted according to pelvis
types: android, anthropoid, platypelloid and gynecoid pelvis.
Caldwell et al. described four main pelvis types, each with
distinctive anatomical features."™ The Android pelvis has a
larger transverse diameter than the AP diameter and a heart-
shaped pelvic inlet. The Gynecoid pelvis has a slightly larger
inlet transverse diameter than the AP diameter and a round
or slightly oval inlet. The Platypelloid pelvis has a significantly
larger transverse diameter than the AP diameter and a slightly
flattened kidney-shaped inlet. The Anthropoid pelvis has
a larger AP diameter than the transverse diameter and a
divergent pelvicinlet (Figure 1).

&

Figure1: Pelvis Types;
a)Android pelvis type, b) Gynecoid pelvis type, c) Platylloid pelvis type, d)
Andropoid pelvis type

Pelvis typing was performed on images obtained by multi-
planar reconstructions (MPR) and 3D imaging modes of CT
scans with the utilization of measurement techniques used in
previous studies.""'2 The pelvic structures that did not exactly
match one of the four main pelvis types were included in
the pelvis type having the closest similarity. The obstetric
conjugate, transverse diameter, interspinous distance, sagittal
midpelvic diameter, intertuberous distance and sagittal outlet
diameter to be used for pelvis typing were measured using 1
mm MPR images (Figure 2).
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Figure 2: Pelvis typing;

a) Para-axial reconstruction showing the pelvic inlet.Widest transverse
diameter of inlet view.

b) Axial slice showingischial tuberosities and the corresponding measurement.
c)Para-axialreconstruction showing ischial spines, the caudalend of the
symphysis and the sacrum so that inter spinal distance and sagittal midpelvic
diameter can be measured.

d) Sagittal reconstruction showing the symphysis and the sacrum. Obstetric
conjugate and Sagittal outlet distance measurement.

e) Volume-rendered reconstruction in a superior-anteriorview. Measurement
of the transverse diameter of the inner pelvis.

f) Posterior view, with lines showing interspinous and intertuberous
measurements.

g) Right lateral view of the pelvis split in half in a sagittal plane. Measurement
of Obstetric Conjugate, Sagittal Outlet Distance, and Midpelvic Sagittal
Distance.

h) Subpubik arc and transvers diamater of outlet

Corridor Measurement Using CT Images

The true coronal (outlet view) and true axial (inlet view)
planes of CT images, obtained by manually acquired MPRs,
were used to measure trans-sacral corridors in the upper
and second sacral segments of pelvic CT images. These

images resemble the fluoroscopic outlet (pubic symphysis
superimposed on the S2 body) and inlet (anterior cortices of
S1 and S2 superimposed) images previously described in the
literature and used for trans-sacral corridor measurement. A
corridor width of 10 mm or more was considered adequate in
both the true coronal and axial planes.'"'?

First, the midsagittal image was obtained by using the pubic
symphysis and sacral median crest as references to identify
the midsagittal line in the sagittal CT image. True coronal and
axial sacral planes were manually created by reconstructing
the standard axis of pelvic CT, which was aligned to be parallel
with the anterior cortex according to sacral inclination at the
S1 level. Afterwards, the widest corridors were identified
for S1 craniocaudal diameter (S1 CC), S2 craniocaudal
diameter (52 CC), S1 anteroposterior diameter (S1 AP), and
S2 anteroposterior diameter (S2 AP) while avoiding screw
penetration outside the intraosseous corridor (Figure 3a-d).

The sagittal tomographic sections were used to determine
the pelvic incidence. For this purpose, a line was drawn from
the midpoint of the upper endplate of S1 to the midpoint of
the line connecting the femoral heads. Similarly, a second
line was formed at an angle of 90 degrees downwards from
the midpoint of the upper end plate of S1. Then the angle
calculated between these two lines was taken as pelvic
incidence (Figure 3e).

Figure3: Measurement of the horizontal corridor in the S1 sacral segment on
reconstructed CT images. A) S1 CC measurement true coronal (outlet view) B)
S1 AP measurement true axial (inlet view) C) S2 CC measurement true coronal
(outlet view) D) S2 AP measurement true axial (inlet view) E) Pelvic incidence
angle

Two specialist surgeons took all measurements with at least
ten years of experience in orthopedic trauma surgery. They
were trained to increase measurement precision before
taking the measurements. The surgeons performed the
measurements separately to minimize errors, and the mean
values were computed. One of the surgeons repeated all
measurements to determine inter-observer variability and
confirm measurement validity. After repeated measurements,
intra- and inter-observer agreements regarding the measured
parameters were calculated.

Statistical Analysis

Interobserver agreement was found to be strong in
terms of S1 CC, S1 AP, S2 CC, S2 AP diameters and pelvic
incidence, sacral slope and pelvic tilt values (r values:
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0.89, 0.88, 0.87, 0,81, 0.84, 0.85 and 0.80 respectively).
Regarding the orthopedist who performed the same
measurements for the second time one month later, it was
detected that intraobserver agreement was very strong
for S1 CC, S2 CC and pelvic incidence (r values:0.97, 0.96
and 0.93, respectively), or strong for ST AP, S2 AP, sacral
slope and pelvic tilt (r values: 0.88, 0.85, 0.81 and 0.80,
respectively).

The data analysis was conducted using the IBM
SPSS statistical analysis software (Version: 23.0). The
Kolmogorov-Smirnov test was employed to examine
the normality distribution of the variables. The statistical
comparison of three or more groups was conducted
according to whether the data conformed to the
normality distribution. For normally distributed data, the
one-way analysis of Variance method was utilized, and
multiple comparisons were analyzed with the Duncan
and Tamhane's T2 tests, whereas, for non-normally
distributed data, the Kruskal Wallis H test was used and
multiple comparisons were analyzed with the Dunn test.
The Pearson chi-square test was applied to compare
categorical variables between the groups, and the
Bonferroni corrected z test was performed for multiple
comparisons. The analysis results were presented as
meanztstandard deviation and median (minimum -
maximum) for quantitative variables, and frequency
(percent) for categorical variables. A p-value less than 0.05
was regarded to be statistically significant in all tests.

RESULTS

Of the CT scans, 132 (62%) belonged to females and 81 (38%)
belonged to males. The conducted pelvis typing revealed that
there were 98 (46%) android, 80 (37.6%) gynecoid, 7 (3.3%)
platypelloid, and 28 (13.1%) anthropoid pelvis types. In the
groups created based on pelvis type, there was a significant
difference in terms of age distribution between the groups
when the patients in the anthropoid group were included,
but no difference when they were excluded. No significant
difference was detected between the groups in terms of
BMI (p=0.848). The sociodemographic data of the study are
summarized in Table 1.

There was a statistically significant difference between the
pelvis type groups in terms of gender distribution (p < 0.001).
This difference is due to the fact that the rates of android,
gynecoid, platypelloid, and anthropoid pelvis types vary
according to gender; in this respect, the highest rate in females
was obtained in the gynecoid and platypelloid groups, and the
highest rate in males was in the android group (Table 2).

The largest AP and CC diameters in the TS corridor at the S1
level (p=0.925 and p=0.123, respectively) belonged to the
anthropoid pelvis type. In the TS corridor at the S2 level, on
the other hand, there was a significant difference between the
pelvis type groups in the mean values of AP and CC (p < 0.001).
The largest corridor was observed in the CT scans belonging to
the group with anthropoid pelvis type at the S1 level, whereas
the smallest corridor diameter was in the pelvic CT scans of the
platypelloid group (Table 1).

Table 1: Comparison of quantitative data by pelvis types

Pelvis Type .
" " " " Test Statistics p
Android Type Gynecoid Type Platypelloid Type Andropoid Type
Mean+SD 58.2+19.76 58.18+£20.33 58.86+17.53 42.61£21.05
Age (year) . . 13.090 0.004*
Median (Min.-Max.) 62 (21-86)* 61.5 (20-89) 58 (24-80)*° 29 (20-84)°
. Mean+SD 1.68+0.04 1.66+0.02 1.65+0.02 1.68+0.06
Height (m) X . 21.945 <0.001*
Median (Min.-Max.) 1.67 (1.63-1.87)° 1.65 (1.6-1.73)° 1.64 (1.63-1.67)° 1.68 (1.63-1.98)*
. Mean+SD 74.21+6.61 72.21+6.45 70.86+7.76 72.75+8.75
Weight (kg) . . 2.999 0.392*
Median (Min.-Max.) 74 (58-93) 72 (55-88) 73 (57-79) 72 (56-92)
Mean+SD 26.34+2.44 26.3+2.44 26.07+£2.89 25.72+£2.68
BMI (kg/m2) X X 0.805 0.848*
Median (Min.-Max.) 26.61(19.45-31.99)  26.45(20.05-30.86)  26.18 (21.19-29.73)  25.73 (20.57-29.76)
Mean+SD 11.14+£4.61 10.69+5.08 10.77£5.6 11.2+4.76
S1 AP (mm) . . 0.156 0.925%*
Median (Min.-Max.) 10.6 (0-23) 10 (3.8-34.5) 7.7 (5.1-16.7) 11.65 (1.3-20.9)
X Mean+SD 16.9+4.51 15.7+3.97 15.16%3.77 17.85+4.15
S1 Axial (mm) X . 5.771 0.123*
Median (Min.-Max.) 16.85 (0-26.9) 15.8 (6.7-26.8) 15.9(7.3-17.9) 17.6 (10.7-24.9)
Mean+SD 10.78+3.4 9.05+2.44 8.46+2.99 10.34+3.27
S2 AP(mm) K X 16.668 0.001*
Median (Min.-Max.) 11 (2.5-24.7)2 9.1 (4.5-16.6)° 7.8 (4.6-12.1)*® 10 (5.5-16.9)%
. Mean+SD 12.33£3.66° 10.67+2.93° 11.2946.85% 12.58+3.57s°
S2 Axial (mm) X X 4442 0.012**
Median (Min.-Max.) 12.3 (5.5-26.9) 10.2 (6-20.2) 8.3 (4.6-20.9) 12.15 (6-24.9)
_— Mean+SD 17.74£14.63 19.2+16.76 30.77+£10.83 15.08+12.8
Pelvic Tilt (°) . . 2.135 0.097**
Median (Min.-Max.) 16.55 (-22-58) 20.1 (-23.5-60.3) 29.3(17.2-52.5) 16 (-12.7-39)
Mean+SD 32.749.64 40.461+67.43 28.86+8.82 33.09+7.77
Sacral Slope (°) K . 0.663 0.663*
Median (Min.-Max.) 35 (10-57) 34.5(10-629) 28 (17-45) 34 (17-48)
. Mean+SD 50.45+10.32 52.58+12.44 59.63+4.87 48.17+7.38
e 8.688 0.034*
Incidence()  Median (Min.-Max.) 48.4(31.2-82.6)° 52.7 (31.2-82.6)* 58.3 (55.9-69.5)° 48.6 (34.3-59.8)®

*Kruskal Wallis H test; **One-way Variance Analysis (ANOVA), a-c No significant difference between pelvic types with the same letter. m:meter, mm:millimeter, kg:kilogram, (°):degree
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Table 2: Distribution of pelvis types based on gender.

Android Type Gynecoid Type Platypelloid Type Andropoid Type L
Test Statistics p*
n % n % n % n %
Gender
Female 30 30.6° 80 100.0° 7 100.05 15 53.6* 95.119 <0.001
Male 68 69.4° 0 0.0° 0 0.0¢ 13 46 .4
*Pearson chi-square test; a-cNo significant difference between pelvic types with the same letter.
TS corridors with a diameter of over 10 mm existed in 122 Wrelvic Tit
(57.3%) pelvic CTs at the S1 level and 85 (39.9%) at the S2 i
level. The TS corridor was over 10 mm in both AP and CC biiay b
planes at the S1 level in 67.9% of the anthropoid pelvis e

40,00

soA

group, 57.1% of the platypelloid pelvis group, 52.5% of
the gynecoid pelvis group, and 58.2% of the android pelvis
group(p=0,560). At the S2 level, 46.4% of the anthropoid
pelvis group, 28.6% of the platypelloid pelvis group, 22.5%
of the gynecoid pelvis group, and 53.1% of the android
pelvis group had adequate corridor width in the AP and CC
planes(p<0,001) (Table 3 and Figure 4-6).
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Table 3: Distribution of qualitative variables by pelvis types

Pelvis Type
Variables Total p
Android Gynecoid Platypelloid Andropoid

Female 132(62) 30(30,6) 80(100)° 7(100)°< 15(53,6)*

Gender <0,001
Male 81(38) 68(69,4) 0(0)® 0(0)b< 13(46,4)*
>10 mm 122(57,3) 57(58,2) 42(52,5) 4(57,1) 19(67,9)

S1_Screw 0,560
<10 mm 91(42,7) 41(41,8) 38(47,5) 3(42,9) 9(32,1)
=10 mm 85(39,9) 52(53,1) 18(22,5)° 2(28,6)* 13(46,4)°

S2_Screw <0,001
<10 mm 128(60,1) 46(46,9)* 62(77,5)° 5(71,4)*® 15(53,6)*

Pearson chi-square test was used. (ab): In same row, common letter indicates statistical insignificance. mm:millimeter
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The effect of gender difference on the TS corridor width at
the S1 and S2 levels was significant(p<0,001). An adequate
corridor width for the TS screw was detected in 50.8% of
females and 67.9% of males at the S1 level, while in 21.2% of
females and 70.4% of males at the S2 level (Figure 7).

120
100
80
60

ol‘lllll

Female Male Yes

NS
o o

No Yes No

Gender S1_Screw S2_Screw

M Pelvis type Android M Pelvis type Gynecoid

Pelvis type Platypelloid m Pelvis type Andropoid

Figure 7: Distribution of pelvis types in terms of gender, adequacy for S1 and
S2 screws

No significant difference was determined in terms of the
mean values of the pelvic tilt and sacral slope according to
the pelvis types (p=0.097 and p=0.663, respectively). It was
found that there was a statistical difference in terms of the
median values of the pelvic incidence with respect to pelvis
types (p=0.034). The median values were determined to be
48.4° in the android group, 52.7° in the gynecoid group, 58.3°
in the platypelloid group and 48.6° in the anthropoid group
(Table 1 and Figure 8).

DISCUSSION

In summary, according to the results obtained in this study,
the anthropoid pelvis has wider S1 and S2 anteroposterior
diameters and the largest S1 craniocaudal diameter among
other pelvis types. In addition, the android pelvis type was
more common in males and was more suitable for TS screw

placement with wider TS bone corridors in the CC and AP
planes at the S2 level. In the gynecoid pelvis type, which
is more common in females, the diameter of the TS bone
corridor was narrower at the S2 level in the CC and AP planes.
Furthermore, an adequate corridor width for the TS screw
was detected in 50.8% of females and 67.9% of males at the
S1 level, while 21.2% of females and 70.4% of males at the S2
level.

Since we were unable to find any studies in the literature
investigating the relationship between the pelvic inlet type
and trans-sacral corridor, we could not directly compare
our results with other studies. As well as gender-specific
distinctions in the human pelvis can lead to differences in the
shape and dimensions of the pelvic, the pelvic characteristics
also differ within the same gender due to various external
factors. Because of the complicated anatomical structure of
the sacrum and the distinctions in the sacral morphology
among individuals, performing a safe screw insertion requires
this anatomical variability to be well understood.>" It is
known that the male pelvis is thick and heavy."™ In general,
gynecoid pelvis with a rounded shape corresponds to a
normal female variant and android pelvis to a male variant.'
Anatomical variances and diversions from the gender-specific
characteristics can be observed in the pelvis.'™ The female
sacrum is considered to be shorter, wider, and less forward-
inclined than the male sacrum, which creates a larger, more
oval pelvic inlet."® The sacral region has generally been
found to be wider than the promontorium in females and
narrower in males."! It has been stated that in comparison
with males, females have a smaller sacral corridor,""® are more
likely to have a sacral dysmorphism.'®™ On the contrary,
in the literature, a study states that sacral dysmorphism is
independent of gender despite significant differences in
sacral morphology.” Although the prevalence of dysmorphic
sacra varies between 28% and 53% as reported by Kaiser,

Gender

O Female
ﬂ.ll)"i Male
“~ Famale
A o T~ Male
20,00
o
70,00 o S

Pelvic incidence

Gender
B ense

Orermal
o
Mean = 51

24 Dev. =
Ne132

c§

15

.
b

Asie

HAean = 50,7012
Sd Dev. = 855558
He®

Frequency

3000 4000 5000 ) 70.00 80.00 %000
Pelvic incidence

Figure 8: Pelvic incidence values slightly increased with age in both females and males
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there are no studies revealing the relationship between pelvis
type and sacral dysmorphism and adequate corridor width in
patients with sacral dysmorphism.”? Mendel et al.?? detected
that the S1 trans-sacral corridor in females was narrower than
in males. Similarly, Konig et al." reported significantly larger
trans-sacral S2 corridor diameters in males compared to
females. The study conducted by Gras et al.'® revealed more
dysmorphism in the female pelvis. In addition, they noted
that trans-sacral corridor diameters of the male pelvis were
larger than those of the female pelvis.'® It has been stated
in the literature that the corpus of the primary sacral portion
of the first sacral vertebra in females is relatively smaller, and
the lateral portion, on the other hand, is relatively larger.
251 Qur results, which indicated that trans-sacral corridors
at the S1 and S2 levels in females are consistent with these
studies mentioned above as well as other previous relevant
studies.'®?¥ |n the present research, the android pelvis type
was seen in 46% of the study population regardless of gender.
The S1 screw could be inserted to 57% of the patients. In
the anthropoid pelvis, the rate of the patients with an ST AP
diameter of = 10 mm was 100%, those with an S2 AP diameter
of = 10 mm was 89.3% and those with an S1 CC diameter of
> 10 mm was 67.9%. Of the patients having anthropoid pelvis
type, 53.6% were female and 46.6% were male. In terms of
the anatomy of transsacral osseous corridor, anthropoid
and android pelvis types were more appropriate for screw
insertion.

Determining the appropriate sacra for performing trans-
sacral screw insertion procedure is important, however, the
highly varied anatomy of the upper sacrum complicates the
insertion of an implant at S1. In the literature, the threshold
values for the minimal trans-sacral safe zone diameter differ
from study to study.'*?>? |n our study, we regarded that
the safe trans-sacral region diameter should be 10 mm and
above in both frontal and axial tomographic reconstructions
in order not to damage the neurovascular structures and to
ensure that the screws remain in the intraosseous corridor.
The dissimilarity in the prevalence of trans-sacral S1 corridor
in the literature may depend on geographical differences,
the distinction of the measured sacral zones for safe zones
and the disparity of cut-off values taken for adequate trans-
sacral corridor. The adequate corridor width were determined
by 8 mm by Gras et al."® and 10 mm by Gardner et al.”®! Gras
et al."® reported that 64% of patients had the adequate S1
corridor and 88% had the adequate S2 corridor. In similar
studies, Konig et al.' and Gardner et al.”® detected that
the adequate S1 corridor were present in 68% and 42% of
patients, respectively, and the adequate S1 corridor were
present in 68% and 72% of patients, respectively. On the other
hand, Wagner et al.?”! stated that trans-sacral screws cannot
be inserted into the S1 corridor in 26% of patients, whereas
the S2 corridor always allows the safe insertion such screws.
Another study conducted by Lee et al.l'™® indicated that the
trans-sacral S2 corridors cannot accommodate two screws
due to their small dimensions. In our study, it was found that

of the male patients, inserting the S1 screw in 67.9% and the
S2 screw in 70.4% were possible.

In the study by Gardner et al.?® there were adequate S1
and S2 horizontal corridors in 42% and 72% of patients,
respectively. In the present study, while 57.3% of the patients
had the S1 corridor of 10 mm or more in both planes, 39.9%
of the patients had the S2 corridor of 10 mm or more in both
planes. We detected that all four pelvis types were present in
the female patients. However, there were no male patients
with the gynecoid and platypelloid pelvis types. Fischer
et al?® determined that the shape of the human pelvis is
associated with body height. There are also studies indicating
that the pelvic inlet of taller people is more oval and that of
shorter people is more rounded.”® In our study, the patients
in the gynecoid and platypelloid pelvic groups were shorter.

The pelvic incidence not only shows the width of the pelvis
and the balance of entire spine, but also assists us to get
acquainted what kind of pelvis to encounter when the pelvis
and the sagittal balance of the spine are impaired. In a study
conducted by Abola et al.” it was shown that there is a
relation between an increased pelvic incidence value and a
more inclined sacrum, lower sacral-ala width and a SI joint
with higher linearity. Inside the pelvis, a large Pl value refers to
an anteriourly positioned horizontal sacrum; a small Pl value,
on the other hand, refers to a posteriorly positioned and high
vertical sacrum.B%The results of the present study confirm this
difference by revealing that the Pl values changed depending
on the pelvis type. The Pl, which is the link between spinal
and pelvic parameters, reflects the orientation of the sacrum
within the pelvis, not that of the entire pelvis. Although pelvic
incidence is of great significance in the assessment of sagittal
parameters in the spinal surgery, the causes of the said large
variability in pelvic incidence in the normal population have
yet to be discovered. The mean Pl values have been reported
to bein the range of 41° and 54°. Mehta et al.*" found that the
mean values of pelvic incidence was 48°-55°, the sacral slope
was 36°-42°, and the pelvic tilt was 12° and 18°. It has been
indicated that the normative value of PI In the Caucasian
population is 50°-55°, whereas this value is lower in the Asian
population.®? In the assessments made according to the
gender difference, it has been observed that females have
higher Pl values than males. Likewise, we detected that the
pelvic incidence values in females (51.5°) were higher than
in males (50.7°). In the present study, the pelvic incidence
varied in a wide range from 31.2° to 82.6°. It is considered
that the Pl gradually increases with the development of gait
in childhood.BY It was seen in our study that the PI values
slightly increased with age in both females and males. We also
detected that the pelvic incidence was higher in the gynecoid
and platypelloid groups.

Our study included certain limitations. First of all, the CT scans
examined had been taken with the patient supine and for
other medical indications. There were no patients with pelvic
ring injury in the study cohort. Therefore, these results do not
reflect the condition of patients with prior pelvic injury, or who
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underwent pelvic surgery. However, the cohort represents a
normal population with a broad age range (20-89), except for
the group of patients with CT pelvic ring fractures.

When a screw-like cylindrical shaped volume is not used when
measuring trans-sacral corridor diameters, the measured
diameter does not exactly complies with the screw application
and therefore represents only the maximum osseous corridor
height. In our study, the cut-off value was taken as 10 mm.
In the studies in the literature, different cut-off values such
as 7.5 mm, 8 mm, 10 mm and 12 mm have been used,
which restricts the comparison of results between studies.
Additionally, the frequency of dysmorphic sacral was not
discussed in our study. Sacral dysmorphism and narrow sacral
corridors complicate the trans-sacral implant insertion.533 |t
has been stated that the number of patients with inadequate
corridor at the s1 level in dysmorphic sacra is higher than
normal.'? Even in sacra that have been classified as non-
dysmorphic, a horizontal corridor that can accommodate a
screw may be absent in 25% of cases. However, the sacrum
which does not allow the trans-sacral insertion of screws
with specific sizes is regarded as dysmorphic. There are also
studies in which the absence of a trans-sacral corridor at the
S1 vertebra is described as sacral dysmorphism.['®34 Since
we assessed the corridor diameter in our study after all, we
regarded that the patients with corridors that do not allow
trans-sacral screw fixation as dysmorphic, as in the literature.
However, it is not clear whether this would have any real value
in clinical practice, because the use of navigation systems has
provided trans-sacral screw technique to evolve considerably.
On the other hand, navigation systems that help to avoid the
problem of sacral dysmorphism in almost all cases, are not yet
in use in most countries and centers.

CONCLUSION

There is a significant difference in the dimensions of the trans-
sacral screw corridor according to the pelvis type and gender,
with the largest diameter observed in the anthropoid pelvis
type and males. In critical situations, especially in males and
individuals with android-anthropoid pelvis, the trans-sacral
screw option can be considered primarily not only for the S1
trans-sacral corridor but also for the S2 trans-sacral corridor in
pelvic posterior ring injuries.
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