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Abstract

Objectives: A majority of older adult acetabular fracture patients have a fracture of the anterior component, and
repair of the acetabular anterior component with infra-acetabular screw (IAS) fixation is crucial. The aim of this study
was to clarify the sex-specific differences in the secure infra-acetabular corridor for safe IAS placement.

Methods: Three-dimensional pelvic computed tomography (CT) images of 50 males and 50 females with an
average age of 77.5 years were analyzed. The secure insertion path of IAS was simulated on the ZedHip system
(Lexi Co., Ltd., Japan), and length, angle, and diameters of the infra-acetabular corridor were measured.

Results: The lengths of the corridors were 99.0+4.6 mm in males and 91.5+5.3 mm in females (p<0.01). The angle
of the corridor to Y axis in the axial plane on the functional pelvic plane (FPP) was 5.1+4.9° in males and 8.6+5.3° in
females (p<0.01). However, in 32% of the cases it was deemed that a IAS could not be inserted because the
diameters of the corridor were too narrow to insert the screw.

Conclusions: On simulation, the corridor length was shorter and corridor angle was larger in females. In one third of
cases the infra-acetabular corridor simulation showed it was impossible to insert the IAS, so it is crucial to scrutinize

the infra-acetabular corridor on CT images during preoperative planning for IAS insertion in acetabular fractures.
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Introduction

Pelvic fractures are some of the most challenging fractures for
orthopedic trauma surgeons.!? Anatomic reduction and rigid
fracture fixation enable early joint movement and decrease the
incidence of postoperative complications, such as posttraumatic
osteoarthritis, thrombosis, muscle atrophy, and pneumonia.*®

Pelvic insufficiency fractures have been increasing over the
past few decades with the aging population, and 64% of
acetabular fractures include a fracture of the anterior wall and/or
the anterior column.$

The infra-acetabular corridor is a narrow bony path from the
acetabulum to the ischial tubercle, and inserting a screw in this
path (called an infra-acetabular screw (IAS)) (Figure 1) requires
skill.”® The IAS, in addition to the posterior column screw,
doubles the static fixation strength by constructing the
“periacetabular fixation frame”, rather than the posterior column
alone, in the fixation of acetabular fractures.!’

However, there are individual differences in infra-acetabular
corridor size and the axis of the IAS path.! Such considerations
have not been made so far in Japanese pelvises, which might
have racial differences from those of overseas reports. We
conducted a study targeting Japanese pelvic bone morphology by
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analyzing the data of 100 pelvis computed tomography (CT)
scans. The aim of this study was to clarify the Japanese sex-
specific differences in the secure corridor size and angle in older
adult pelvises to determine IAS placement in acetabular
fractures.

Methods

This study was conducted with permission of the ethics
committee of Nagoya Daini Red Cross Hospital.

CT DICOM data of 100 pelvises were obtained from 50 males
and 50 females over the age of 60 years old who had obtained a
pelvic CT for hip disorders between 2016 and 2018. The cases
included 63 patients with hip fracture (HF), 28 with hip
osteoarthritis (OA), and 9 with osteonecrosis (ON). The average
age was 77.5 years old, and there was no significant difference in
age distribution between males and females (Table 1).

(1) Acetabular size, (2) corridor length, (3) corridor angle, and
(4) minimum corridor diameter were measured on the unaffected
side by simulating a secure insertion path of the IAS in the
ZedHip system (Lexi Co., Ltd., Japan). All measurements were
performed based on the functional pelvic plane!? using the origin,
X axis, Y axis, and Z axis (Figure 2).

(1) Acetabular size was defined as the maximum distance from
the acetabular anterior wall to the acetabular posterior wall
(Figure 3a).

(2) Corridor length was measured by simulating the maximum
length of the IAS inserting from the “tear drop”, as
described by Culemann’ (Figure 3b).

(3) Corridor angle was measured by simulating the most
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Figure 1 X-ray of the infra-acetabular screw. (a) AP view, (b) obturator-oblique view and (c) 3D-CT of the postoperative X-ray of the infra-acetabular
screw (IAS) used in the case of an acetabular fracture. Arrowheads: IAS

Table 1 Characteristics of pelvis specimens

Total (n=100) Male (n=50) Female (n=50) Significance
Age (years) 77.5+9.6 (60-93) 77.0+10.7 (61-92) 77.8+8.4 (60-93) NS
Diagnosis of affected side
HF 63 33 30 NS
OA 28 11 17
ON 9 6 3

NS=not significant, HF =hip fracture, OA=osteoarthritis, ON=osteonecrosis

Figure 2 Axis of functional pelvic plane.

Red circle: Origin point=midpoint of the anterior superior iliac spine (ASIS).
Red arrow: X axis=ASIS digitize point line.

Blue arrow: Z axis=parallel to bed and perpendicular to X axis.

Green arrow: Y axis=perpendicular to X and Z axis

suitable angle in inserting the IAS, and the angle with the Y (99.0+4.6 mm) compared with females (91.5+5.3 mm) (p<0.01).
axis was measured in the axial plane and sagittal planes The corridor angle in the axial plane was 5.1+4.9° in males and

(Figures 3c, d). 8.6+5.3° in females, which was significantly larger in females

(4) Corridor diameter was the minimum diameter of the IAS (p<0.01). The corridor angle in the sagittal plane was not
path in the infra-acetabular corridor (Figure 3e). significantly different between males (34.8+8.4°) and females
(33.2+9.3°). The minimum corridor diameter was 3.7+1.3 mm in

Statistical analysis: males and 3.4+1.1 mm in females (n.s.). The corridor minimum
For statistical analysis, Microsoft Excel (Microsoft Inc. diameter of 26 males (52%) and 29 females (58%) was less than

Redmond, WA, USA) and the software program EZR!® were used. 3.5 mm, and in 15 males and 17 females (32% of all cases) the
Data are presented as mean=SD. The continuous variable was TAS was unable to be inserted because the straight trajectory for
analyzed using Student’s t-test, and the factor variable was the IAS in the corridor was unable to be placed on simulation due
analyzed using Fisher’s exact test. P values smaller than 0.05 to a thin and curved corridor (Table 2).
were considered statistically significant.
Discussion
Results
The incidence of acetabular fractures in older adults has

Acetabular size was 52.3+2.5 mm in males and 48.3+2.8 mm increased worldwide, and acetabular fracture cases in older adults
in females, and the value in males was significantly larger are more likely to involve the anterior column than those in
(p<0.01). Corridor length was also significantly longer in males younger individuals.™ To achieve a successful functional outcome
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Figure 3 Parameters measured using the ZedHip system. (a) acetabular size. (b) corridor length. Angle between the arrow and Y axis (green line) is
the corridor angle in the axial plane (c) and in the sagittal plane (d). Corridor diameter is the distance between the white arrow heads (e).

Table 2 Parameters of infraacetublum corridor

Total (n=100) Male (n=50) Female (n=50) Significance

Acetabular size (mm) 50.3+3.3 52.3+2.5 48.3+2.8 p<0.01
Corridor length (mm) 95.3+6.2 99.0+4.6 91.5+5.3 p<0.01
Corridor angle (°)

— axial plane 6.8+5.4 5.1+4.9 8.6%5.3 p<0.01

— sagittal plane 34.0+8.9 34.8+8.4 33.2+9.3 NS
Minimum corridor diameter (mm) 3.5+1.2 3.7x1.3 34=+1.1 NS

— Cases under 3.5 mm 55 26 29 NS

— Cases unable to place IAS 32 15 17 NS

in acetabular fractures, the IAS provides rigid fracture
fixation.”151% Arlt et al. evaluated the data from 124 pelvic CTs
and reported that corridor volume was significantly larger in
males compared with females, and 97% of males and 91% of
females have enough corridor size for IAS placement.!® They also
mentioned that hip dysplasia has no correlation with parameters
of the infra-acetabular corridor.’® Our data include OA and ON
cases, but the parameters of the unaffected side had the same
trend compared with HF cases. Gras et al. analyzed the data of
523 pelvic CT scans and reported that corridor diameter was
5 mm or more in 93% of cases, and average corridor length was
significantly longer in males (106.4 mm on average) than in
females (96.2 mm on average).!! They also indicated that the
corridor angle in the axial plane was significantly larger in
females: —0.3° in males and 4.3° in females.! As shown by our
results, the corridor angle in the axial plane was also significantly
larger in females (Table 2).

Considering these facts, the trajectory of the IAS in females
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was more in the lateral direction. However, the IAS should be
placed nearly parallel to the Y axis in males (Figure 4). In
addition, seven cases (14%) in males required a slight medial tilt
in the axial plane.

Furthermore, although reports from abroad have revealed that
more than 90% of cases have enough corridor area for IAS
placement, 16 in 32% of our cases it was judged that the IAS was
unable to be inserted on simulation. Corridor length was also
shorter in our cases than in reports from abroad,'>'® so racial
difference may contribute to the difference in pelvic bone
morphology.

Although the sex differences in pelvic size are known from
previous reports,!”® we have not corrected the length
parameters by physical sizes such as height or weight between
the sexes in this study. However, the angle of the corridor is not
be influenced by the size of pelvis. IAS length is easily measured
by fluoroscopy or depth gauge during the operation, but the
insertion angle depends mostly on the skill of the surgeon, and it
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Figure 4 Appropriate IAS direction in the axial plane for female (red
arrow) and for male (blue arrow). Green arrow: Y axis.

is important to recognize the approximate angle before the
operation.

To our knowledge, no reports have investigated the sex-
specific differences in the infra-acetabular corridor angle in the
pelvic CT scans of Japanese patients. Because acetabular
fractures in older adults are also increasing in this country,!
orthopedic trauma surgeons are increasingly encountering cases
that require surgery. Considering the narrow corridor and its
angle, preoperative CT scan analysis for each individual is
necessary, and the visualization of the corridor area supports the
surgeon when assessing the optimal IAS path in treating
acetabular fractures.

Conflict of Interest
The authors declare that they have no conflict of interest.
Acknowledgements

The authors would like to thank the all staff in the radiological
department for supporting the measurement of parameters on
ZedHip.

Reference

1. Bastian JD, Savic M, Cullmann JL, Zech WD, Djonov V, Keel MJ.
Surgical exposures and options for instrumentation in acetabular
fracture fixation: Pararectus approach versus the modified Stoppa.
Injury 2016; 47: 695-701.

2. Letournel E. The treatment of acetabular fractures through the
ilioinguinal approach. Clin Orthop Relat Res 1993; 292: 62-76.

30

3. Baumann F, Schmitz P, Mahr D, Kerschbaum M, Ginsslen A, Nerlich
M, Worlicek M. A guideline for placement of an infra-acetabular
screw based on anatomic landmarks via an intra-pelvic approach. ]
Orthop Surg Res 2018; 13: 77.

4. Judet R, Judet ], Letournel E. Fracture of the acetabulum:
classification and surgical approaches for open reduction. Preliminary
report. ] Bone Joint Surg Am 1964; 46: 1615-46.

5. Matta JM, Anderson LM, Epstein HC, Hendricks P. Fractures of the
acetabulum. A retrospective analysis. Clin Orthop Relat Res 1986;
205: 230-40.

6. Ferguson TA, Patel R, Bhandari M, Matta JM. Fractures of the
acetabulum in patients aged 60 years and older. ] Bone Joint Surg Br
2010; 92: 250-7.

7. Culemann U, Marintschev I, Gras F, Pohlemann T. Infra-acetabular
corridor—technical tip for an additional screw placement to increase
the fixation strength of acetabular fractures. J Trauma 2011; 70: 244—
6.

8. Egli R], Keel MJB, Cullmann JL, Bastian JD. Secure screw placement
in management of acetabular fractures using the suprapectineal
quadrilateral buttress plate. Biomed Res Int 2017; 2017: 8231301.

9. Guy P, Al-Otaibi M, Harvey EJ, Helmy N. The ‘safe zone’ for extra-

articular screw placement during intra-pelvic acetabular surgery. ]

Orthop Trauma 2010; 24: 279-83.

Marintschev I, Gras F, Schwarz CE, Pohlemann T, Hofmann GO,

Culemann U. Biomechanical comparison of different acetabular plate

systems and constructs-the role of an infra-acetabular screw

placement and use of locking plates. Injury 2012; 43: 470-4.

Gras F, Gottschling H, Schroder M, Marintschev I, Reimers N,

Burgkart R. Sex-specific differences of the infraacetabular corridor: a

biomorphometric CT-based analysis on a database of 523 pelves. Clin

Orthop Relat Res 2015; 473: 361-9.

Sugano N. Computer-assisted orthopaedic surgery and robotic

surgery in total hip arthroplasty. Clin Orthop Surg 2013; 5: 1-9.

Kanda Y. Investigation of the freely available easy-to-use software

‘EZR’ for medical statistics. Bone Marrow Transplant 2013; 48: 452—

8.

Pagenkopf E, Grose A, Partal G, Helfet DL. Acetabular fractures in

the elderly: treatment recommendations. HSS J 2006; 2: 161-71.

Gras F, Marintschev I, Schwarz CE, Hofmann GO, Pohlemann T,

Culemann U. Screw- versus plate-fixation strength of acetabular

anterior column fractures: a biomechanical study. ] Trauma Acute

Care Surg 2012; 72: 1664-70.

Arlt S, Noser H, Wienke A, Radetzki F, Hofmann GO, Mendel T.

Secure corridor for infraacetabular screws in acetabular fracture

fixation—a 3-D radiomorphometric analysis of 124 pelvic CT

datasets. ] Orthop Surg Res 2018; 13: 119.

Krukierek S. The sexual differences of the human pelvis.

Gynaecologia 1951; 132: 92-110.

Kimura K. Sex differenc of the hip bone among several populations.

Okajimas Folia Anat Jpn 1982; 58: 265-76.

Ueda Y, Inui T, Kurata Y, Tsuji H, Saito J, Shitan Y. Prolonged pain in

patients with fragility fractures of the pelvis may be due to fracture

progression. Eur ] Trauma Emerg Surg 2019 (Epub ahead of print).

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

Copyright©2020 Masahiro Yoshida, MD et al.

This is an Open access article distributed under the Terms of Creative
Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original
author(s) and source are credited.



