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Abstract

Background: Misplaced screw during the internal fixation of acetabular fractures may penetrate the hip joint which
might cause chondrolysis and traumatic osteoarthritis in the future. This study aims to acquire the safe path for screw
insertion along inferior border of the arcuate line fixation route at acetabular area.

Methods: Computed tomography (CT) scans of 98 patients without pelvic trauma were rebuilt for three-dimensional
models of pelvis. After depicting the fixation route curve, five cross-sections perpendicularly to the curve were
established from the anterior of pelvis to the posterior along inferior border of the arcuate line. The safe
screw lengths for section 1 and 5 were measured from the computer models. In section 2, 3 and 4, a line
from the screw entry point tangent to the inferior edge of the acetabulum was depicted and the measurements of
minimum safe direction of screw insertion were performed then marked with angle 6.

Results: The safe screw lengths for section 1 and 5 were 22.29 + 441 mm and 32.64 +4.70 mm (n = 98). The minimum
safe angles of screw insertion for the middle three sections 2, 3, and 4 were 65.38 + 10.23°, 7420 + 10.20°, and 57.88 +
11.11°(n = 98), respectively. The results for the male group (n = 98) indicated smaller minimum safe angles in these

three sections compared with the female (n = 98).

Conclusions: Compared to male, the minimum safe angles of screw placement at acetabular area for female should
be more away from inferior edge of acetabulum and tilt to the bottom of pelvis along inferior border fixation route in

surgical management of acetabular fractures.
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Background

Rigid and accurate internal fixation is required for ace-
tabular fractures with displacement to achieve anatom-
ical reduction and good prognosis [1, 2]. However,
because of its complicated anatomical structures, surgi-
cal management of acetabular fractures still faces chal-
lenges. Due to the difficulty of viewing the articular
surface during the internal fixation of surgical proce-
dures, there might be a possibility of screw penetration
into the acetabulum which frequently results in
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traumatic osteoarthritis in the future [3], and it would
seriously affect the life quality of these patients. Hence,
understanding the sophisticated anatomical structures of
acetabular area plays a significant role in providing the
guidance for orthopedic surgeons to avoid intra-articular
screw insertion.

The Stoppa and the illoinguinal approaches, classical
anterior approaches, are both commonly employed for
treating acetabular fractures [4]. Previous study has pro-
vided the reference for the effective screw insertion
along the superior border fixation route at acetabular
area [5]. This area can be exposed via the illoinguinal
approach. However, it just provides limited access to the
quadrilateral surface and the posterior column. Meanwhile,
the high risk of injures to major blood vessels,particularly
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the Corona Mortis, via this approach, was the main limita-
tion of this procedure [6, 7]. In contrast, the Stoppa ap-
proach allows a widely and directly view of quadrilateral
area, anterior column as well as the arcuate line [8].
Through superior border approach, clearly exposure of the
anterior wall and anterior column could be obtained while
through inferior border approach not only the aforemen-
tioned structures and whole quadrilateral surface can be
better exposed, but also avoiding the dangerous Corona
Mortis to be damaged. Compared with the superior border
area, the area of inferior border is more suitable for placing
the plate for fixation of acetabular fractures especially with
quadrilateral surface and posterior column damaged [9].
Although some previous researches with cadaveric bone
provided parameters on safe screw insertion, there in-
evitable had some level of errors with these artificial
measurements [10-12]. Meanwhile, with relative small
sample sizes, the whole conditions of individuals can-
not be efficiently estimated. Digital three-dimensional
(3D) reconstruction and measurement, as a high effi-
cient method for orthopedic anatomic studies, has
outstanding advantages in accurate measuring com-
pared with those traditional measurements [13].

Based on 3D reconstructions and measurements of
pelvic CT scans, a retrospective observational study was
performed. The objective of the present study is to ac-
quire safe path for screw insertion along the inferior
border fixation route at acetabular area.

Methods
Patients and models reconstruction
Ninety-eight patients including 60 males and 38 females
without pelvic trauma or deformity, diagnosed with vari-
cose veins in lower extremity, were recruited in Shang-
hai General Hospital from December 2009 to November
2010. The mean age of these available samples was
60.1 years (range: 22-91 vyears, Table 1). Shanghai
General Hospital’s Review Board approved this study.
All these samples underwent a 64-channel computed
tomography (CT) scan. To obtain clearly pelvic images,
the needed thickness and scanning time for each slice
was 0.75 mm and 0.2 s, respectively. Stored with
DICOM format, all raw imaging data of each patient
were then processed by Mimics 13.0 where three-
dimensional (3-D) pelvic model was reconstructed. After
that, thresholding segmentation, region growing and sur-
face smoothing were performed to the 3-D pelvic model

Table 1 Age distribution of all 98 patients
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and saved with Stereo Lithography (STL) format. Then,
the Geomagics 10.0 software was used for further
smoothing and noise reduction.

Essential parameters’ measurements

In the beginning, via Geomagics 10.0 software, three
fundamental planes defined as the sagittal, coronal and
horizontal plane were set up, respectively. The sagittal
plane was recognized as the plane through from the
pubic symphysis to the midpoints of the whole sacrum
and the coccygeal tip. In coronal plane, the anterior su-
perior iliac spine and pubic tubercle were positioned at
the same level to comply with anatomical position dur-
ing the process of the study. Perpendicular to both
above-mentioned planes, the horizontal plane was estab-
lished. A curve was delineated by collecting some points,
5 mm lateral and inferior to the pelvic rim, along the in-
ferior border fixation route from pubic tubercle, pubic
ramus inner side, arcuate line, to sacroiliac joint. The
site with distance of 5 mm at this area is frequently used
as the entry point of screw. Saved with STL format, all
these objects were imported to the Imageware 23.0
where an optimal ball fitting the acetabular fossa was
established. And after being saved with IMW format, the
whole model was imported to the Unigraphic NX 7.0.

Passing through the center of the ball, a section per-
pendicular to the space curve was built as the reference
plane. Parallel to this section, two planes with interval of
the quarter of diameter forwardly and backwardly along
the space curve were built, respectively. These five
planes segmented the space curve at acetabular area into
four equal parts. Thus, five intersection points between
each plane and the curve were acquired as the screw
entry points (Fig. 1). Through these five intersection
points, five acetabular area sections perpendicular to the
space curve from pubic tubercle to sacroiliac joint were
acquired then marked as section 1, 2, 3, 4, and 5, re-
spectively (Fig. 2).

Through the screw entry point of each section and
perpendicular to the cortical surface, another reference
plane was built. The section and reference plane inter-
sected at one point which was recorded as the intersec-
tion point. In section 1 and 5, located in the outermost
of acetabular area, screws can be placed perpendicularly
to the bone surface directly and there is no need to
worry about screw penetration into the hip joint. In sec-
tion 2, 3, and 4 with the shape similarity, the same

21-30 years 31-40 years 41-50 years 51-60 years 61-70 years 71-80 years 281 years
Male 3 10 2 17 12 1" 5
Female 1 1 7 M 7 7 4
Total 4 1 9 28 19 18 9
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Fig. 1 Perpendicular to the space curve, five acetabular area sections from pubic tubercle to sacroiliac joint were acquired
.

measurement methods were performed. With several
points selected along the edge of acetabulum then
expended by 5.0 mm, an arc was delineated to repre-
sent the subchondral bone thickness. A line through
the screw entry point and tangent to the inferior edge
of the arc was defined as the screw-placement direc-
tion. Formed by the tangent line and the normal
plane, the angle was marked as 0. The distance, de-
fined as the screw length d from the screw entry
point to the intersection point, was measured in
section 1 and 5. Due to the similar shaping, the
measurements for section 2 and section 3 were repre-
sented with the same model (Figs. 3 and 4).

Statistical analysis

Data were reported as mean + standard deviation. Nor-
mality tests were used for analysis of data distribution
and t-test was used for analyzing the mean values of dif-
ferent groups. Significance was set at a level of p <0.05.
All statistical analyses were performed using the SPSS
software (version 19.0).

Results

The experimental results showed the differences on
minimum safe angles and safe screw lengths between
the male and female in different sections. In section 2, 3,
and 4, the minimum safe angles were 67.40 £ 7.11° (n =
98), 72.66 + 9.35° (1 =98), and 57.88 + 11.11° (1 = 98), re-
spectively. The results for the male group (n =98) indi-
cated smaller minimum safe angles in these three
sections compared with the female (n = 98). Significance
of differences between male and female groups for 6 in
section 2, 3 and 4 were indicated (P=0.012, P=0.032
and P=0.025, respectively). The safe screw lengths for
section 1 and 5 were 21.94+3.07 mm (z=98) and
33.01 +4.47 mm (n=98). The differences of screw
lengths between male and female groups in section 1
and 5 were not statistically significant (P =0.08 and
P =0.076, respectively) (Table 2).

Discussion
The special anatomical morphology of acetabular area is
more complex and irregular compared with the long

Section 1 Section 2

.

Section 3

Fig. 2 Marked as section 1, 2, 3, 4, and 5, these five sections were listed respectively

Section 5

Section 4
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and the intersection point was recorded as the screw length, d

Fig. 3 For section 1 and 5, screws can be placed perpendicularly to the bone surface directly. The measured distance between the screw entry point
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the entrance point

Lateral

Inferior Section 5

bone which increases the difficulties for surgical treat-
ment. Although considerable achievements have been
obtained for management of acetabular fractures in re-
cent years, such fractures remain challenging to ortho-
pedic surgeons [14]. During the surgery of acetabular
fractures, impossible viewing the joint surface is fre-
quently at risk for screw penetration, which will ultim-
ately bring chondrolysis and osteoarthritis and lead to
the complete destruction of the hip joint cartilage
[15, 16]. Realizing these, surgeons have debated for a
long time to determine the safe methods for screw
insertion at this area in order to prevent the occur-
rence of these complications at the greatest extent.
As two main approaches, the Stoppa approach and the
ilioinguinal approach are widely employed in the fixation
of acetabular fractures [4]. Our previous study provided

the parameters for safe screw insertion of acetabular
fractures along the superior border fixation route, and
this area can be exposed via ilioinguinal approach [5].
Compared with ilioinguinal approach, Stoppa approach
has an evident superiority of allowing widely view of the
anterior column, the arcuate line and the quadrilateral
surface [8]. With Stoppa approach, it can also avoid the
dangerous Corona Mortis to be damaged [6, 7]. Our
present study concentrates on safe screw insertion along
the inferior border fixation route at the area of acetabu-
lum. Meanwhile, this area is an ideal place for screw in-
sertion when treating acetabular fracture especially with
the damaged quadrilateral surface and posterior column.

The safe screw insertion angles can be found from the
comparisons between male and female. The male group
showed smaller minimum safe angles obviously in the

Superior

o—|/ The reference plane
perpendicular to
the bone surface of
the entrance point
—\ 5.0mm
Medial screw Lateral
. Section 2, 3
Inferior

Fig. 4 For section 2, 3 and 4, a line through the screw entry point and tangent to the lower margin of the arc was defined as the screw-placement
direction. The angle between this tangent line and the normal plane was marked as 6. Due to the similar shaping, the measurement for section 2 and

section 3 was represented with the same model
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Table 2 Comparison of gender differences
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Section 1 Section 2 Section 3 Section 4 Section 5

d (mm) 60 00 00 d (mm)
Total 21.94+3.07 6740+ 7.11 7266 +£9.35 5788+ 11.11 33.01+447
Male 22384297 65.95+6.50 71.08+£9.74 55.92+10.23 33.64+£4.92
Female 2127 £3.15 69.75+£751 7525+817 61.07£11.87 31.99+343
P value 0.08 0.012 0.032 0.025 0.076

middle three sections. Compared with male, angles for
the female should be more away from inferior edge of
acetabulum. Thus, it can be interpreted that during the
operation, more tilt to the bottom of pelvis should be re-
quired for the female to avoid intra-articular screw inser-
tion. And proper length screws used in middle three
sections should be selected in accordance with the actual
depth detecting during the surgery procedure. Unlike
other human bones, the pelvic shape appears markedly
different between the male and female. For the general
pelvis, there are four different shapes termed gynecoid,
android, platypelloid and anthropoid. That means al-
though these samples were divided into two main
groups, male and female, because of the overlap of pelvic
shapes in these two groups, the results inevitable appear
overlapped to some extent. The finding concluded by us
provides a general guidance for the surgeons. However,
before the surgery, a 3D geometrical reconstruction
should also be performed to the patient so as to acquire
the accuracy. Thus, a combination of the results of the
current study and the preoperative 3-D geometrical re-
construction would provide a relatively accurate guid-
ance in the planning of the surgery.

Focusing on safe path of screw insertion, previous
researchers have reported several conclusions with
different methods. Xianquan Wang [17] sectioned
hemi-pelvises of cadaveric specimen and formed dif-
ferent sections from anterior to the posterior. The
maximum medial angulation to provide safe cortical
screw insertion at 0.5-, 1.0-, and 1.5-cm entry points
is 8.2+22°, 149 +3.4°, and 26.1 £4.5°, respectively.
However, it didn’t set up an operative reference plane,
thus the relative position between surgeon and entry
point might be changed. In our study, perpendicular
to the entry point of the cortical surface, the refer-
ence plane was built in each section which could be
convenient for the surgeons to get the accurate screw
insertion during the operation. Ebraheim et al. [11]
performed a cadaveric anatomical study and demon-
strated the danger area at posterior of acetabulum.
From perpendicular to the posterior wall to the pos-
terior acetabular margin at 1 cm interval, the medial
angulation for safe screw insertion was described.
Although providing quantification of the amount of
angulation required for safely screws placement at the

posterior of the acetabulum, it did not give the accur-
ate parameters for safely screw placement at anterior
of the acetabulum which is essential for treating the
complex acetabular fractures as well. Using data from
patients’ CT images, Guy et al. [18] reported the
safety zone for the internal fixation using screw at
the quadrilateral surface with Stoppa approaches.
Although testing a number of cadavers, it is quite dif-
ficult to perform accurate measurements of the pelvis
in a standardized body position only using a 2-D
methodology. Based on the 3-D reconstruction
models, with male and female of wide age ranges, our
current study had relatively large samples which
would be more representative compared with these
cadaveric studies. Additionally, the current study set
more practical reference plane for screw insertion that
would be easier for surgeons to operate and less in-
fluenced by the body position during the procedure
of the operation. Via making 3-D reconstruction
model precisely, dividing the cross-sections rationally
and measuring the parameters for easy-to-operate safe
path accurately, the data provided by this study could
be used as a theoretical basis for screw insertion of
acetabular fractures. Surgeons can take these safe in-
sertion angles and the screw length as reference
which could be beneficial for them to select the
proper length of screws and make proper direction
during the screw insertion process. Before surgery,
the surgeons should first consider the 3-D reconstruc-
tion image of the patient and then make preparation
according to our conclusion. If there have some
minor differences, it needs to be mini-adjusted during
the surgery since the general information has been
provided. Limitation needs to be acknowledged in this
study. All data were collected and analyzed from the
out-patients in authors’ hospital. Although our study
used a relatively large samples which could make the
results of measurements accurate, it only can reflect
the general situation of the local residents. And if
more samples can be collected and analyzed from dif-
ferent regions and hospitals, it would be beneficial to
analyze the regional differences of the measurements
and make the results much more accurately. Thus, a
multi-center investigation should be performed in the
future to make results more meaningful.



Bi et al. BMC Musculoskeletal Disorders (2017) 18:88

Conclusions

To conclude, results of the present study provided the
safe angles for screw insertion along the inferior border
fixation route at acetabular area. The minimum safe an-
gles for female should be more away from inferior edge
of acetabulum and tilt to the bottom of pelvis along in-
ferior border fixation route in surgical management of
acetabular fractures. The definition of safe angles for
screw insertion with Stoppa approach made it more
practical to guide the surgery. On the basis of accurate
3D reconstructions and digital measurements, a reliable
reference on safe path of screw insertion for acetabular
surgery was offered by this study.

Abbreviations

3D: Three-dimensional; CT: Computed tomography; DICOM: Digital Imaging
and Communications in Medicine; IMW format: Imageware format;

STL: Stereo Lithography

Acknowledgements
Not applicable

Funding

This research were supported by grants from the Major Project of Chinese
National Programs for Fundamental Research and Development (973 Program, No.
2011CB711000); the National Natural Science Foundation of China (No. 81272002);
the Research Fund of Shanghai Jiaotong University (No. ZHYXXM20110001); the
Research Fund of Shanghai General Hospital (No. 0601 N16007). The funders had
no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Availability of data and materials
The materials described in the manuscript are available upon request by
sending an e-mail to the corresponding author.

Authors’ contributions

Chun Bi designed the study, analyzed the data and drafted the manuscript.
Chun B, Jiandong Wang and Xiaoxi Ji participated in the measurements of
parameters. Zhijian Ma, Fang Wang and Xiangsen Zeng partly carried out the
study and helped to draft the manuscript. Dongmei Wang and Qiugen Wang
participated in the design and coordination of the study and reviewed the
manuscript. All authors have reviewed and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of Shanghai
General Hospital, 100 Haining Road, Shanghai, 201620, P.R. China. A written
informed consent was obtained from all participants in this study.

Author details

Trauma Center, Shanghai General Hospital, School of Medicine, Shanghai
Jiaotong University, 650 Xin Songjiang Road, Shanghai 201620, People’s
Republic of China. *Department of Orthopedic Surgery, the Second People’s
Hospital of Yunnan Province, Yunnan, China. *School of Mechanical
Engineering, Shanghai Jiaotong University, Shanghai, People’s Republic of
China.

Page 6 of 6

Received: 3 October 2016 Accepted: 15 February 2017
Published online: 20 February 2017

References

1. Deo SD, Tavares SP, Pandey RK, El-Saied G, Willett KM, Worlock PH. Operative
management of acetabular fractures in Oxford. Injury. 2001,32(7):581-6.

2. Keel MJ, Tomagra S, Bonel HM, Siebenrock KA, Bastian JD. Clinical results of
acetabular fracture management with the Pararectus approach. Injury. 2014;
45(12):1900-7.

3. Schopfer A, Willett K, Powell J, Tile M. Cerclage wiring in internal fixation of
acetabular fractures. J Orthop Trauma. 1993;7(3):236-41.

4. Hammad AS, El-Khadrawe TA. Accuracy of reduction and early clinical
outcome in acetabular fractures treated by the standard ilio-inguinal versus
the Stoppa/iliac approaches. Injury. 2015/46(2):320-6.

5. JiX, Bi C,Wang F, Jiang Y, Wang D, Wang Q. Digital anatomical
measurements of safe screw placement at superior border of the arcuate
line for acetabular fractures. BMC Musculoskelet Disord. 2015;16:55.

6. Helfet DL, Borrelli Jr J, DiPasquale T, Sanders R. Stabilization of acetabular
fractures in elderly patients. J Bone Joint Surg Am. 1992;74(5):753-65.

7. Matta JM. Operative treatment of acetabular fractures through the ilioinguinal
approach: a 10-year perspective. J Orthop Trauma. 2006;20(1 Suppl):520-29.

8. Cole JD, Bolhofner BR. Acetabular fracture fixation via a modified Stoppa
limited intrapelvic approach. Description of operative technique and
preliminary treatment results. Clin Orthop Relat Res. 1994;305:112-23.

9. Papakostidis C, Kanakaris NK, Kontakis G, Giannoudis PV. Pelvic ring
disruptions: treatment modalities and analysis of outcomes. Int Orthop.
2009;33(2):329-38.

10.  Ebraheim NA, Savolaine ER, Hoeflinger MJ, Jackson WT. Radiological
diagnosis of screw penetration of the hip joint in acetabular fracture
reconstruction. J Orthop Trauma. 1989;3(3):196-201.

11. Ebraheim NA, Waldrop J, Yeasting RA, Jackson WT. Danger zone of the
acetabulum. J Orthop Trauma. 1992,6(2):146-51.

12. Anglen JO, DiPasquale T. The reliability of detecting screw penetration of
the acetabulum by intraoperative auscultation. J Orthop Trauma. 1994,8(5):404-8.

13. Vlachopoulos L, Dunner C, Gass T, Graf M, Goksel O, Gerber C, Szekely G,
Furnstahl P. Computer algorithms for three-dimensional measurement of
humeral anatomy: analysis of 140 paired humeri. J Shoulder Elbow Surg.
2016;25(2):e38-48.

14.  Tosounidis Tl, Giannoudis PV. Pelvic fractures presenting with haemodynamic
instability: treatment options and outcomes. Surgeon. 2013;11(6):344-51.

15. Shiramizu K, Naito M, Yatsunami M. Quantitative anatomic characterisation
of the pelvic brim to facilitate internal fixation through an anterior
approach. J Orthop Surg. 2003;11(2):137-40.

16. Zhang S, Su W, Luo Q, Leung F, Chen B. Measurement of the “safe zone”
and the “dangerous zone” for the screw placement on the quadrilateral
surface in the treatment of pelvic and acetabular fractures with Stoppa
approach by computational 3D technology. Biomed Res Int. 2014;2014:386950.

17. Xian-quan W, Jin-fang C, Xue-cheng C, Wei-dong M, Wei Z, Shui S, Jin-lu Z,
Jian W, Wei L. A quantitative anatomic study of plate-screw fixation of the
acetabular anterior column through an anterior approach. Arch Orthop
Trauma Surg. 2010;130(2):257-62.

18. Guy P, Al-Otaibi M, Harvey EJ, Helmy N. The ‘safe zone' for extra-articular
screw placement during intra-pelvic acetabular surgery. J Orthop Trauma.
2010;24(5):279-83.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients and models reconstruction
	Essential parameters’ measurements
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

