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ARTICLE INFO ABSTRACT

Keywords: Objective: To compare prevalence and severity of sacral dysmorphism in Indigenous and non-Indigenous
Sacral dysmorphism Australian populations.

Indigenous

Methods: We performed a single centre retrospective matched cohort study in consecutive Indigenous and non-
Indigenous Australian patients who received a CT scan of the pelvis between January and March 2024 at our
institution. Patients were excluded if they were under the age of 18 at the time of the scan or had a history of
pelvic fractures or fixation. CT scans were assessed for both qualitative and quantitative features of sacral
dysmorphism. The primary outcome of interest was the prevalence and severity of sacral dysmorphism in
Indigenous and non-Indigenous Australian populations.

Results: 120 patients were included in the study - 60 Indigenous and 60 non-Indigenous Australians. All patients
exhibited at least one characteristic of sacral dysmorphism. There was no difference in the prevalence of qual-
itative sacral dysmorphism between the two groups. Compared to their non-Indigenous counterpart, Indigenous
patients demonstrated a lower S1 transsacral corridor coronal diameter (20.50 vs. 21.85 mm, p = 0.005), S1
oblique corridor axial diameter (17.90 vs. 19.60 mm, p = 0.028), S1 pelvic width (144.85 vs. 158.70 mm, p <
0.001), S2 transsacral corridor coronal diameter (13.70 vs. 14.95 mm, p = 0.013), S2 transsacral corridor axial
diameter (10.60 vs. 11.55 mm, p = 0.013), and S2 pelvic width (126.60 vs 136.00 mm, p < 0.001). Additionally,
in Indigenous patients, S1 and S2 transsacral and oblique S1 iliosacral fixation lengths were shorter. Where an S1
trans-sacral osseous corridor was not present, the S2 corridor was significantly larger in coronal, axial mea-
surements across both groups (p < 0.001).

Conclusions: Indigenous Australian patients exhibited more severe forms of sacral dysmorphism when compared
to their non-Indigenous counterparts. Additionally the overall prevalence of sacral dysmorphism across this
Australian population was amongst the highest reported in the literature. This may present significant technical
challenges and warrants consideration when performing percutaneous iliosacral screw fixation.

Transsacral fixation
Pelvic fracture
Sacral fracture

Introduction protects neurovascular structures critical for bowel, urogenital, and
lower limb neurological function [1,2]. Occurring in a cranial to caudal
The sacrum is essential in providing strength and stability to the direction, fusion of the sacral vertebrae begins around puberty and

pelvis, transmitting the body’s entire weight to the pelvic girdle. It typically completes in the third decade of life [3]. Sacral fractures
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represent a heterogeneous cohort, ranging from low-energy osteoporotic
fractures to high-energy injuries. Specific mechanisms of injury are
similarly diverse and can include any or all of compression, distraction
or shearing forces. Although simple fractures can often be managed
conservatively, complex unstable injuries may compromise the efferent
lumbosacral nerve roots, necessitating surgical stabilisation [4]. Even
simple fracture patterns resulting from low-energy trauma may lead to
pain levels that restrict mobility requiring surgical management for
early mobilisation [5].

Percutaneous iliosacral screw fixation is a well-established technique
for managing unstable posterior pelvic injuries [6,7]. Anatomical vari-
ability of the upper sacral segments, also known as sacral dysmorphism,
may complicate screw placement due to diminished safe osseous corri-
dors [8,9]. Radiographical findings include (1) collinearity of the upper
sacrum with the iliac crest within the pelvis (2); presence of mamillary
bodies (3); irregularly shaped sacral foramen (4); residual disc between
S1 and S2 (5); acute alar slope morphology, and (6) a “tongue--
in-groove” appearance of the sacroiliac articulation (Fig. 1). Kaiser et al.
have attempted to establish a sacral dysmorphism score correlating
anatomical features with the presence of safe osseous pathways for
screw placements [10]. Nevertheless, only one study has validated this
score against the Singaporean population [11]. Inadvertent
extra-osseous screw placement may result in iatrogenic injury to critical
neurovascular structures [12]. Thus, understanding the morphological
variation of the upper sacrum is essential to prevent this complication
[13].

Previous research investigating ethnic differences in sacral dys-
morphism revealed a higher prevalence in Japanese populations, also
exhibiting a more restricted S1 safe osseous corridor compared to a
Caucasian population [9]. The prevalence of sacral dysmorphism in the
Australian population remains unknown. This study primarily aims to
compare the prevalence and severity of sacral dysmorphism in both
Indigenous and non-Indigenous Australian populations and its implica-
tions for safe transsacral screw passage. Additionally, we aim to validate
the sacral dysmorphism score as outlined by Kaiser et al. [10], determine
predictive factors affecting the lengths of the S1 and S2 safe transsacral
osseous corridors, and analyse the characteristics of the S2 osseous
corridor in pelvises that can accommodate an S1 transsacral screw
compared with those that cannot.

Materials and methods

This is a retrospective matched cohort study reported in accordance
with the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [14]. Before commencing this study,
approval was sought and obtained from the human research ethics
committee (Approval No.: 2024-4972).
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Patient selection

The radiology departments patient database at our institution was
utilised to identify and recruit sixty consecutive Indigenous Australian
patients who underwent computed tomography (CT) scans of the pelvis
between January and March 2024. The indications for the scan were not
standardised. Patients were excluded if (a) they were under the age of 18
at the time of the CT scan, (b) had evidence of pelvic or sacral fracture
(acute or chronic), or (c) where scan quality was not appropriate for
qualitative/quantitative assessment (as mutually agreed upon by the
two independent reviewers). A separate cohort comprising 60 consec-
utive non-Indigenous Australian patients who received pelvic CT scans
during this period and met the remaining inclusion and exclusion
criteria were age- and sex-matched using the nearest neighbour tech-
nique. Indigenous and non-Indigenous self-reported ethnicity was
identified utilising electronic medical records. Each scan was reviewed
independently by two reviewers (JV and CP) and verified by senior
authors (KW and BR). Both senior authors are fellowship-trained or-
thopaedic trauma surgeons with extensive experience in the manage-
ment of sacral fractures.

Primary outcome

The primary outcome of interest was to compare the prevalence and
severity of sacral dysmorphism between Indigenous and non-Indigenous
Australian patients presenting to our institute. Six qualitative features of
sacral dysmorphism were identified and recorded [15,16]. Features of
interest include (1) collinearity of the upper sacrum with the iliac crest
within the pelvis (2); presence of mamillary bodies (3); irregularly
shaped sacral foramen (4); residual disc between S1 and S2 (5); acute
alar slope morphology, and (6) a “tongue-in-groove” appearance of the
sacroiliac articulation (Fig. 1). The severity of sacral dysmorphism was
quantified using several indices: the S1 axial/coronal angle, the S1
axial/coronal corridor diameter, the S1 and S2 trans-sacral pelvic width,
and the axial/coronal transsacral osseous corridor diameter.

Pelvic CT scans were reformatted such that the multiplanar refor-
matting (MPR) axis was perpendicular to the superior endplate of the
second sacral segment (Fig. 2). The MPR axial and coronal slice was
established as the point at which the S1 osseous corridor was widest.
Respective axial and coronal osseous corridor angles and diameter were
calculated on these slices. In keeping with previously described tech-
niques; coronal angulation was measured as the angle formed between a
line representing the coronal S1 osseous corridor and a line between the
superior border of the iliac crests; and Axial angulation was measured as
the angle formed between a line representing the axial S1 osseous
corridor and a line between the posterior iliac spines (Fig. 3) [10]. The
osseous corridor diameter was defined as the diameter of the canal
perpendicular to the line of the axial and coronal angle at the level of the
S1 foramina.

The transsacral corridor was defined as the diameter of the S1 and S2

Fig. 1. Pelvic 3D reconstruction (a) and sagittal/axial CT slice (b/c) collectively demonstrating all six qualitative features of sacral dysmorphism; (1) collinearity of
the upper sacrum with the iliac crest within the pelvis; (2) presence of mamillary bodies; (3) irregularly shaped sacral foramen; (4) residual disc between S1 and S2;
(5) acute alar slope morphology, and (6) a “tongue-in-groove” appearance of the sacroiliac articulation.
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Fig. 2. Axial and coronal multiplanar reformatting (MPR) perpendicular to
superior endplate of S2 sacral segment.

osseous corridors and was calculated on the original axial and coronal
slices at their respective levels. Pelvic width was defined by the line
which extends along the midpoint of the lines representing the anterior
and posterior borders of the transsacral corridor at the S1 and S2 levels
(Fig. 4). To satisfy the criteria for safe transsacral osseous corridor and
screw passage, a corridor width of 10 mm was required in keeping with
the previous literature [17]. In patients where a safe transsacral screw
could not be passed due to the absence of a 10 mm corridor, oblique
iliosacral osseous corridor diameter and length was calculated utilising a
line of best fit (Fig. 5).
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Secondary outcomes

The sacral dysmorphism score, as described by Kaiser et al., was
calculated and recorded [10]. To assess model fit, we computed root
mean square error (RMSE) values for the entire cohort of Indigenous and
non-Indigenous patients. Smaller RMSE values indicate a better model
fit [18]. We also evaluated whether the score threshold of 70 indicated
the absence of a safe osseous corridor at the level of S1, as was proposed
in their original study. Additionally, factors predicting the length of the
S1 screw were established using a Least Absolute Shrinkage and Selec-
tion Operator (LASSO) technique for variable selection using age, sex,
ethnicity, as well as all qualitative, and the remaining relevant quanti-
tative measures as potential independent variables [19]. A transsacral

7mm

S5.3mm

Fig. 5. S1 Axial slice utilised to calculate oblique iliosacral osseous corridor
diameter and length.

Fig. 4. S1 Axial and coronal slices utilised to calculate transsacral osseous corridor diameter and pelvic width.
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corridor was favoured where possible, with the criteria as previously
described. Where transsacral fixation was not possible, the length of the
oblique iliosacral corridor was measured. Quantitative measures rele-
vant for the S1 transsacral screw length included the S1 transsacral
corridor coronal and axial diameters. In contrast, those appropriate for
S1 oblique iliosacral screw length were S1 oblique corridor sagittal,
coronal and axial diameters, as well as the S1 coronal and axial angu-
lation. The sample was randomly divided into half to facilitate this
analysis, forming training and validation datasets. The model’s perfor-
mance was established using the training dataset and subsequently
compared to the expected values for the validation dataset using RMSE
values.

Statistical analysis

The agreement was measured using Cohen’s kappa for each quali-
tative feature, Pearson’s correlation coefficient, and visual inspection of
Bland-Altman’s plots for quantitative measurements. Continuous out-
comes were displayed as median (range) and compared using Wilcox-
on’s Rank Sum test, whereas binary outcomes were displayed as count
(percentage) and compared using the chi-squared test. Statistical anal-
ysis was performed using Stata Version 18.0 (StataCorp LLC, Texas,
USA). The threshold for statistical significance was set at p < 0.05.

Results

One hundred and twenty patients were included in the final analysis,
with 60 patients in each group. Adequate age and sex matching was
observed between the two groups, with no significant statistical differ-
ences in these parameters. In both groups, most CT scans were requested
to investigate abdominal pain. Baseline demographics are displayed in
Table 1.

Primary outcome

There was no statistically significant difference in the prevalence of
each qualitative feature of sacral dysmorphism (Table 2). All patients
displayed at least one feature of sacral dysmorphism. Collinearity of the
upper sacrum with the iliac crest within the pelvis was evident in nearly
all patients from both the Indigenous and non-Indigenous groups (93.3
% vs 86.7 %, p = 0.224). Similarly, the presence of an irregularly shaped
sacral foramen (56.7 % vs 61.7 %, p = 0.577), residual disc between S1
and S2 (53.3 % vs 53.3 %, p = 1.000), and the “tongue-in-groove”
appearance of the sacroiliac articulation (53.3 % vs 50.0 %, p = 0.715)
was noted in at least half of the patients in each group. Approximately a
third of patients in both groups had mamillary bodies (38.3 % vs 36.7 %,
p = 0.850) and acute alar slope morphology (30.0 % vs 38.3 %, p =
0.336). There was fair to moderate interobserver agreement between
both reviewers.

Compared to non-Indigenous patients, Indigenous patients showed a

Table 1
Demographic data of Indigenous vs non-Indigenous Australian patients.
Indigenous Non- Indigenous p-Value
(n=60) (n=60)
Age, yrs 45.00 (20.00 - 75.00) 52.50 (20.00 - 94.00) 0.105
Sex, n (%) 1.000
Male 30 (50.0) 30 (50.0)
Female 30 (50.0) 30 (50.0)
Indication, n (%) 0.379
Abdominal 50 (83.3) 54 (90.0)
Pain
Malignancy 2(3.3) 1Q1.7)
Surveillance
Trauma Series 5(8.3) 1(1.7)
Septic Screen 11.7) 11.7)
Unknown 2(3.3) 3(5.0)
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statistically significant reduction in S1 transsacral corridor coronal
diameter (20.50 vs. 21.85, p = 0.005), S1 oblique corridor axial diam-
eter (17.90 vs. 19.60, p = 0.028), S1 coronal angulation (11.00° vs.
16.00 °, p = 0.005), and S1 pelvic width (144.85 mm vs. 158.70 mm, p <
0.001) (Table 3). A safe S1 transsacral osseous corridor for screw
insertion was present in 44 Indigenous and 38 non-Indigenous patients
(73.3 % vs. 63.3 % respectively). Where a safe S1 transsacral osseous
corridor was present, the median length of the S1 transsacral corridor
was shorter in Indigenous patients compared to their non-Indigenous
counterparts (142.95 mm vs. 158.70 mm, p < 0.001). Among the
remaining 16 Indigenous and 22 non-Indigenous patients where only an
oblique iliosacral corridor was present, the median corridor length was
shorter in Indigenous patients (85.50 mm vs. 92.70 mm, p = 0.020).

There was no significant difference in the S1 transsacral corridor
axial diameter (p = 0.346), S1 oblique corridor sagittal diameter (p =
0.482), S1 oblique corridor coronal diameter (p = 0.083), and S1 axial
angulation (p = 0.794) between the two groups. High to excellent
interobserver agreement was observed among reviewers for all quanti-
tative measurements, except for S1 axial diameter and S1 axial angu-
lation, which exhibited moderate interobserver agreement.

Secondary outcomes

The sacral dysmorphism score demonstrated poor model perfor-
mance in both our overall cohort (RMSE = 108.83) and among Indige-
nous (RMSE = 107.84) and non-Indigenous (RMSE = 109.78) patients in
detecting safe screw passage. Sixteen patients had a sacral dysmorphism
score greater than 70, all of whom lacked a safe S1 transsacral osseous
corridor and therefore were deemed unsuitable for S1 transsacral screw
fixation. Additionally, a safe S1 transsacral osseous corridor was absent
in another 22 patients. As a result, the sensitivity and specificity of the
predefined sacral dysmorphism score were 0.42 and 1.00, respectively.
When divided into cohorts, the sensitivity was 0.31 in Indigenous pa-
tients and 0.50 in non-Indigenous patients.

The LASSO technique indicated that age, Indigenous status, and
presence of mamillary bodies contributed to optimal model performance
in predicting S1 transsacral corridor length. Among these variables, the
S1 safe transsacral corridor length was significantly affected by both
Indigenous status and the presence of mamillary bodies. Regression
analysis determined that the S1 transsacral osseous corridor/pelvic
width was 11.26 mm shorter in Indigenous patients, which was statis-
tically significant (p = 0.001). Similarly, patients with mamillary bodies
also displayed a reduced S1 pelvic width. The training model achieved
an RMSE value of 9.61, whereas the validation dataset recorded an
RMSE of 10.72. Our selected regression model output for S1 transsacral
screw length is shown in Table 4.

Age, Indigenous status, and the presence of collinearity between the
upper sacrum and S1 coronal angulation contributed to optimal model
performance in predicting the length of the S1 oblique iliosacral
corridor, as determined using the LASSO technique. Among these
selected variables, the length of the S1 safe oblique iliosacral screw was
significantly influenced by age, Indigenous status, and S1 coronal
angulation. For each year of increase in age, the screw length decreased
by 0.15 mm (p = 0.030). Conversely, with every degree increase in S1
coronal angulation, the length of the S1 safe oblique iliosacral corridor
increased by 0.78 mm (p = 0.008). Notably, Indigenous patients had a
screw length that was 7.70 mm shorter compared to non-Indigenous
patients (p = 0.002). The training model achieved an RMSE value of
4.11, while the validation dataset recorded an RMSE of 11.34. Our
selected regression model output for S1 oblique iliosacral screw length is
presented in Table 5.

Safe S1 transsacral osseous corridor was not present in 38 patients —
16 Indigenous and 22 non-Indigenous patients (p = 0.265). In this
group, seven patients (18.4 %) also did not possess a safe S2 transsacral
osseous corridor — four of whom were Indigenous. In the absence of a
safe S1 corridor, the absence of both S1 and S2 corridor was greater in
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Table 2
Morphological features of sacral dysmorphism.
Morphological Feature Group p- Agreement
I\
Indigenous Non- Indigenous Value Interobserver ( %) Kappa Statistic
(n = 60) (n = 60)
Collinearity of the Upper Sacrum 56 (93.3) 52 (86.7) 0.224 90.0 0.40 (Fair)
Mamillary Bodies 23 (38.3) 22 (36.7) 0.850 76.7 0.52 (Moderate)
Irregularly Shaped Sacral Foramen 34 (56.7) 37 (61.7) 0.577 68.3 0.35 (Fair)
Residual Disc between S1 and S2 32(53.3) 32(53.3) 1.000 73.3 0.47 (Moderate)
Acute Alar Slope Morphology 18 (30.0) 23 (38.3) 0.336 74.2 0.37 (Fair)
Tongue in Groove Appearance of the Sacroiliac Articulation 32(53.3) 30 (50.0) 0.715 70.8 0.42 (Moderate)
Table 3 Table 5
Quantitative measurements of safe osseous corridor. Determinants of S1 oblique iliosacral screw length if transsacral screw is not

possible following LASSO variable selection. Root mean square error = 4.11

Measurement Group p-Value Pearson RN lidati
Correlation (Training); 11.34 (Validation).
Indigenous Non- Variable Coefficient  Standard p-
Australian Indigenous Error Value
(n = 60) Australian (n =
60) Age, years —-0.15 0.06 0.030
- Australian Indigenous -7.70 2.04 0.002
S1 Oblique 21.20 (17.00  21.55(14.00 -  0.482 0.55 Presence of Collinearity of the Upper -3.32 2.51 0.207
Corridor Sagittal - 27.10) 27.40) (Moderate) Sacrum
Diameter, mm S1 Coronal Angulation,” 0.78 0.25 0.008
S1 Oblique 18.50 (12.40 19.15 (12.60 — 0.083 0.73 (High) Constant 84.48 7.01
Corridor — 27.60) 24.00)
Coronal
sfgi‘?"ter’ mm 17.90 (1180 19.60 (12.80 0,028 051 the Indigenous population (25 % vs 13.6 %). Compared to those in
ique . . . .80 — X R . . .
Corridor Axial ~29.00) 25.80) (Moderate) which an S1 safe transsacral osseous corrld(?r was pr’es.ent, thc?se .w.ho did
Diameter, mm not have a safe S1 transsacral osseous corridor exhibited a significantly
S1 Coronal 11.00 (0 — 16.00 (1.00 — 0.005 0.69 (High) larger S2 coronal diameter (16.40 mm vs 13.75 mm, p < 0.001), S2 axial
Angulation,” 31.00) 31.00) diameter (13.70 mm vs 10.60 mm, p < 0.001), and S2 transsacral pelvic
S1 Axial 7.00 (1.00 — 7.00 (0 - 0.794 0.50 : e s
Angulation,” 32.00) 31.00) (Moderate) Yv1dth (138.00 mm vs 130.35 mm, p < 0.001). Our analysis is displayed
S1 Transsacral 20.50 (12.40  21.85(10.70-  0.005 0.65 (High) in Table 6.
Corridor —25.20) 28.00)
Coronal Discussion
Diameter, mm
S1 Transsacral 12.20 (0 - 11.55 (0 - 0.346 0.93
Corridor Axial 22.90) 23.40) (Excellent) The results of this study found no difference in the prevalence of
Diameter, mm qualitative features of sacral dysmorphism between Indigenous and non-
S1 Pelvic Width, 144.85 158.70 (13310 <0.001  0.88 ” Indigenous Australian patients. All patients included in the study
125.10 - -191. E . . . . .
mm g o 650 0(; 91.00) (Excellent) possessed at least one qualitative feature, with one-third displaying
S1 Safe Transacral — 142.95 158.20 (13310  <0.001  0.87 three out of the six characteristics. Although the prevalence of sacral
Screw Length, (125.10 - ~175.00) (Excellent) dysmorphism in Indigenous patients was not significantly different from
mm* 166.00) that of their non-Indigenous counterparts, nearly all quantitative mea-
Slssafe IEOSai;al 8%;02((;0'00 ?3'7780()79'00 - 0020 0.63 (High) surements indicated that Indigenous patients exhibited more severe
crew Len, , - . . . . .
- g forms of dysmorphism. Indigenous patients showed a smaller S1 trans-
S2 Transsacral 13.70 (8.70 -  14.95 (7.50 — 0.013 0.75 (High) sacral corridor diameter, S1 oblique corridor axial diameter, S1 pelvic
Corridor 20.70) 22.80) width, and S2 transsacral coronal and axial diameters.

Coronal The prevalence of sacral dysmorphism varies considerably in the
Diameter, mm . . . . o
$2 Transsacral 1060 670~  11.55 (6.00 - 0.036 0.70 (High) hterature.[l.(),ZQ 22], with one study reporting rates.as h.1gh as 85 %
Corridor Axial 15.40) 17.90) [21]. Variation in the prevalence of sacral dysmorphism is not novel;
Diameter, mm several studies have suggested that East Asian and South Asian Indian
S2 Pelvic Width 128.60 (106~  136.00(97.00-  <0.001  0.65 (High) patients have a higher rate compared to their European counterparts [9,

153.50) 183.00) 2.3,24]. Notably one study demonstrated that 23 % of European patients
and 30 % of Japanese patients exhibited clinically significant
Table 4

Table 6
Characteristics of the S2 osseous corridor in patients where an S1 transsacral
screw is not possible.

Determinants of S1 transsacral screw length following LASSO variable selection.
Root mean square error = 9.61 (Training); 10.72 (Validation).

Variable Coefficient Standard Error p-Value Measurement Possibility of an S1 Transsacral Screw p-Value
Age, years 0.16 0.11 0.151 Not Possible (n = 31)  Possible (n = 82)
Australian Indigenous -11.26 3.21 0.001
Presence of Mamillary Bodies —7.38 3.23 0.028 S2 Coronal Diameter, 16.40 (10.10 - 13.75(7.50-20.70) <
Constant 150.49 7.01 mm 22.80) 0.001
S2 Axial Diameter, mm 13.70 (10.10 - 10.60 (6.00 — 15.40) <
17.90) 0.001
S2 Safe Screw Length, 138.00 (119.50 — 130.35 (97.00 — <
mm 183.00) 164.00) 0.001




J. Virgin et al.

dysmorphism as described by having a S1 corridor <8 mm in either axial
or coronal diameter [9]. Despite the utilisation of the more widely
accepted 10 mm S1 safe corridor, the rates of clinically significant sacral
dysmorphism in our study are relatively comparable to those reported
by Wagner et al. (i.e. 26.6 % and 36.6 % in the Indigenous and
non-Indigenous populations, respectively). Previous studies have
hypothesised that differences in the prevalence of sacral dysmorphism
may partly result from variations in early upright locomotion, with
higher rates of dysmorphism observed in paraplegic children [25].

A dysmorphic upper sacral segment presents significant technical
challenges for iliosacral screw placement. The increased obliquity of this
segment necessitates a more posterior and caudal starting point [26]. In
these patients, oblique S1 or S2/S3 iliosacral/transsacral fixation should
be considered [27,28]. Additionally, guidewire placement using intra-
operative CT or navigation systems could also be considered [29,30].
When considering previous literature and the sacral dysmorphism score
proposed by Kaiser et al. [10] utilising a cut-off of 70 had perfect
specificity but poor sensitivity in our cohort, which was worse in
Indigenous patients. Although a score above 70 accurately predicted the
inability to insert an S1 transsacral screw, clinicians need to be mindful
that in a significant proportion of patients with a score of <70, the
insertion of an S1 transsacral screw was still not possible with absence of
a safe osseous corridor.

In our study, the lengths of S1 and S2 safe transsacral corridors were
shorter in Indigenous patients, even after adjusting for covariates.
Research indicates that shorter screw lengths are biomechanically
inferior, potentially leading to early construct failure [31-33]. We also
demonstrated that when S1 transsacral fixation is not possible, S2
transsacral fixation appears to be more favourable. Several previous
studies have indicated that in patients with sacral dysmorphism, S2
transsacral screws tend to be a safer option, consistent with our findings
[15,20,34]. However, there is currently limited literature on the safety
and efficacy of S2 transsacral screw fixation, indicating a need for
further research [8,35,36].

This study is the first to quantify the prevalence and severity of sacral
dysmorphism in Indigenous and non-Indigenous Australian populations.
However, several limitations need to be addressed. Firstly, we could
only determine the sample size after the commencement of this study
due to a lack of published data in the literature. A post hoc sample size
calculation indicated that although this study is not powered to
conclude the qualitative measurement of sacral dysmorphism, most
quantitative outcomes were sufficiently powered. Importantly, all three
regression analyses had a power greater than 95 %. Furthermore,
although each quantitative and qualitative measure was assessed by two
authors and verified by the senior authors, there was only fair to mod-
erate interobserver agreement regarding the quantitative measures.
These agreement statistics are similar to those reported in previous
literature(10). Notably there was significantly better agreement in
qualitative measures. Finally, the non-Indigenous group was heteroge-
neous, as more specific ethnicity information could not be acquired.

Conclusion

Despite similar prevalence, this study suggests that Indigenous
Australians exhibit more severe forms of sacral dysmorphism compared
to their non-Indigenous counterparts. Additionally the overall preva-
lence of sacral dysmorphism across this Australian population was
amongst the highest reported in the literature. The sacral dysmorphism
score was highly specific but not sensitive in predicting the absence of a
safe S1 transsacral osseous corridor and, thus, the safe insertion of S1
transsacral screws. When managing Indigenous Australian patients with
transsacral screw fixation, surgeons should be mindful of the shorter and
narrower safe osseous corridors. Even when adjusted for confounding
factors, the lengths of S1 transsacral, S1 oblique iliosacral, and S2
transsacral fixation were all shorter in Indigenous patients. The findings
of this paper support S1 oblique iliosacral and S2 transsacral fixation
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configurations in patients with clinically significant sacral dysmorphism
due to the relatively favourable anatomy; Additionally consideration
should be given to the emerging role of novel patient-specific curved
iliosacral implants in surgically complex cases [37].
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