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Accuracy and safety of percutaneous
periacetabular screw insertion using screw
view model of navigation in acetabular fracture

A case report
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Abstract N\
Rationale: The purpose of this study was to estimate the efficacy and safety of percutaneous periacetabular screw (PPS) insertion |
assisted by screw view model of navigation (SVMN) to treat fracture of acetabulum.

Patient concerns: A 61-year-old male patient was injured in a motorcycle accident, which caused pain, swelling, deformity and
limited mobility on his right hip.

Diagnoses: He was diagnosed with fracture of acetabulum.

Interventions: We used PPS insertion assisted by SVMN to treat fracture of acetabulum in this patient.

Outcomes: The follow up lasted 24 months. Totally 2 screws were inserted into anterior and posterior column of acetabulum
respectively and both of them displayed grade 0. Compared with the preoperative gap and step of fracture displacement, the
postoperative ones were significantly reduced. It took 11.7 minutes for designing the screws, 6.7 minutes for implanting the guide

wire, and 45.5 minutes for placing the screws. Intraoperative blood loss was 29 mL and total fluoroscopic time was 4.1 minutes. No
clinical complications such as nerve vascular injury, infection and screw loosening were found after the operation.

Lessons: The study indicated that SVMN is favorable to the PPS insertion for acetabular fracture. Our lesson is that the relative
position between the acetabular and the patient tracker must be static to ensure the accuracy of the entire system throughout the
operation.

Abbreviations: 3D = 3 dimensional, CT = computed tomography, ORIF = open reduction and internal fixation, PPS =

percutaneous periacetabular screw, SVMN = screw view model of navigation.
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1. Introduction

Acetabular fractures often result in damage to hip joint. To
achieve anatomical reduction and rigid internal fixation, open
reduction and internal fixation (ORIF) are often used. However,
they are accompanied by many complications such as neuro-
vascular injury,!'™! infection,'®”! bleeding,[g] and heterotopic
ossification.””"1%! According to literature reports, the complica-

Editor: N/A.
J-WZ and TY contributed equally to this work
There is no conflict of interest in this studly.

2 Department of Orthopaedics, © Department of Radiology,  Department of
Gynecology, The Second Hospital of Jilin University, Changchun, Jilin Province,
China.

’ Correspondence: Dong-Sheng Wang, Department of orthopaedics, The Second
Hospital of Jilin University, Changchun, Jilin Province, China

(e-mail: jianwu@jlu.edu.cn).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

Medicine (2018) 97:49(e13316)
Received: 18 July 2018 / Accepted: 25 October 2018
http://dx.doi.org/10.1097/MD.0000000000013316

tions of ORIF are as high as 70%./"" In order to reduce the
incidence of complications, Caviglia H et al'*?! used minimally
invasive percutaneous cannulated screw fixation, but this
technique has disadvantages of long operation time and large
radiation exposure to patients and doctors. These problems could
be solved, as reported in the research, by performing the
percutaneous minimally invasive internal fixation for the
treatment of acetabular fractures under computer-aided naviga-
tion, which can significantly reduce the radiation exposure and
shorten the operation time.?!

The purpose of this study is to explore the accuracy and safety of
screw view model of navigation (SVMN) applied in the operation
of acetabular fracture that performed by inexperienced surgeons.
In this screw view model, the navigation monitor displays the static
axial, sagittal, and coronal 3 dimensional (3D) computed
tomography (CT) of acetabular fracture with designed screws,
which makes the manipulation simple and accurate. As far as we
know, the application of this novel technology with percutaneous
periacetabular screw (PPS) placement has been rarely reported.

2. Patients and methods

2.1. Ethical approval

The Second Hospital of Jilin University, Changchun, China,
approved the study and the institutional guidelines for the care
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The basic information of the patient.

Parameter Case
Age, year 61
Gender, male/female Male

Screw position, grade 0/1/2/3
Screw designing time, min
Screw insertion time, min

Guide needle insertion time, min

grade 0 (100%)
6.3 (anterior column); 5.4 (posterior column)
21.4 (anterior column); 24.1 (posterior column)
2.9 (anterior column); 3.8 (posterior column)

Blood loss, mL 29
Fluoroscopic time, min 4.1
Infection None
Screw loosening None
Follow up, month 24

and treatment of patients were rigorously followed. Informed
written consent was obtained from the patient for publication of
this case report and accompanying images.
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2.2. Case report

A 61-year-old male patient was injured in a motorcycle accident
(Table 1), which caused pain, swelling, deformity and limited
mobility on his right hip. Examination revealed that the lateral side
of right leg and the right dorsum were hyposensitive, and the skin in
the perineum saddle and the inside of both thighs were normal. The
muscle strength of both the right anterior tibialis and the right
extensor pollicis longus were indicated as 0, the pulse of dorsal
artery and the posterior tibial artery were good, and positive results
of pelvic distraction and compression test were obtained.

In accordance with the x-ray image as shown in Figure 1, the
left acetabular bone was discontinuous and irregular, while the
right acetabular bone was also discontinuous, the right femoral
head was displaced upward, the cortex of the superior branch
and the inferior branch of the right pubic ramus were
discontinuous, and the space between right sacroiliac joints
was increased. X-ray examination was performed preoperatively
and postoperatively.

The patient was primarily diagnosed as bilateral acetabular
fracture, right suprapubic symphysis, and inferior branch

Figure 1. X-ray of pelvis. A 61-year-old male patient was injured in a motorcycle accident. (A) According to the preoperative x-ray image, both the left and right
acetabulum were fractured, the right femoral head was displaced upward, the right pubic ramus was fractured, and the space between the right sacroiliac joints
was widened. Postoperative x-ray images (B-D) show that the 2 screws around acetabulum are in good positions.
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Figure 2. Preoperative 3D CT examination of pelvis. (A) The axial plane of anterior acetabular column displayed that the displacement gap of fracture was 9.8 mm,
(B) The coronal plane of anterior acetabular column displayed that the displacement gap of facture was 8.0mm and the step was 0.2mm, (C) The axial plane of
posterior acetabular column displayed that the displacement gap of fracture was 7.8 mm, (D) The coronal plane of posterior acetabular column displayed that the
displacement gap of fracture was 7.3mm and the step was 2.9mm, (E) The sagittal plane of acetabular fracture, (F) The 3D reconstruction image of pelvis. 3D=3

dimensional, CT =computed tomography.

fracture, displacement of right sacroiliac joint, dislocation of the
right hip joint, and right sciatic nerve injury.

The whole pelvis was scanned by CT preoperatively, and the
result was as shown in Figure 2. The image data was recorded in
the disc that could be recognized by a computer navigation
system. The diameter, length and the best trajectory of the PPS
were designed at the navigation workstation preoperatively
(Fig. 3). In addition, intraoperative neurophysiologic monitoring
was used.["*!

2.3. Surgical procedures

The operation was performed under general anesthesia (intuba-
tion: propofol, 200 pg/kg, Fresenius Kabi Deutschland GmbH,
Bad Homburg v.d.H. Germany; fentanyl, 250 g, RenFu LLC,
YiChang, China; midazolam, 2 mg; maintenance: propofol, 0.2
to 0.5mg/kg/h, Enhua Pharmaceutical Limited by Share Ltd.,
JiangSu, China). Short-acting muscle relaxants were provided
only during the intubation. When the anesthesia came into
effective, the patient was placed in the supine position.

First, a patient tracker (Stryker Leibinger GmbH & Co.,
Freiburg, Germany), which operated with the Navigation System
II-CART II with SpineMap 3D 2.0 software (Stryker Navigation,
Kalamazoo, MI, USA), was fixed on the iliac crest or the pelvic
frame at the beginning of the operation. The system’s C-arm
tracker, patient tracker, and guide wire sleeve tracker were all
activated. After 190° scanning was performed at the center of the
lumbosacral articular surface, 3D images of the lesion were
obtained. After that, preoperative and intraoperative CT images
were matched to provide clear guidance for the screws. The
position of the ipsilateral pubic tubercle was selected as the

insertion region, which is one of so-called safe-zones (anterior
column), and the posterior 1/3 of the sciatic tubercle was selected
as an alternative, which is another one of so-called safe-zones
(posterior column). About 1.5 cm of the incision had been made
around the insertion region of guide wire, blunt separation
between subcutaneous tissue and the bone surface and insertion
of a guide needle sleeve.

Second, the screw view mode was selected in the navigation
workstation (Fig. 4) and the position of the guide wire sleeve
device was adjusted until the direction of guide wire sleeve was
completely consistent with the planning PPS trajectory and the
guide wire was placed once the right lower corner image showed
green (Fig. 4). At the end of the operation, partially threaded
cannulated titanium screws that designed preoperative with
washers were inserted and tightened sequentially through the
implanted guide wire.

Finally, the patient underwent the postoperative 3D CT
scanning and the results were as demonstrated in Figure 5. On the
second day after surgery, the patient had been advised to do some
exercises such as static muscle contraction and passive joint
exercises within limited range of activity. Partly weight-bearing
exercise can be done 4 weeks after surgery.

2.4. Evaluation and result

Evaluation of screws position was classified as 4 grades: grade 0
(no perforation), grade 1 (perforation <2mm), grade 2
(perforation 2-4mm), and grade 3 (perforation >4mm).[*%]
The gap and the step displacement of the fractures were
calculated in 3 standardized planes (anterior-posterior, coronal,
and sagittal),’"®! the reduction of acetabular was classified as
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Figure 3. The length, diameter (blue arrow) and the best trajectory of screws were determined before the operation.

following 3 grade according to the distance of gaps and steps,
unsatisfactory (>3 mm), imperfect (1-2mm), and perfect (<1
mm)."”! Also, the time for designing the screws, implanting the
guide wire, and inserting the screws, amount of bleeding, and
fluoroscopic time were evaluated.

The postoperative 3D CT shows that the 2 implanted screws
were both in position of grade 0. The preoperative fracture
displacement of gap and step was improved to perfect and
imperfect postoperative, there was no unsatisfactory reduction
and details are listed in Table 2. It took 11.7 minutes for
designing those 2 screws, 6.7 minutes for implanting the guide
wires, and 45.5 minutes for inserting the screws. The amount of
bleeding was 290 mL including 261 ml of open reduction of right
acetabular fracture and 29mL of periacetabular screws, and
fluoroscopic time was 4.1 minutes. No complications were found
during 24 months of follow up, such as neurological injury,
vascular injury, infection on the inside of articular surface, and
screw loosening or breakage.

3. Discussion

The most important discovery of this study is that surgeon can
safely and accurately put screws on the bone corridors around the

acetabulum with the assistance of the SVMN system. The case
report demonstrates a new navigation method that assists
difficult screws insertion in acetabulum during surgery. Acetab-
ular anatomy is complex, and the surgical exposure is small,
therefore, it is necessary to accurately design the screw trajectory
in the preoperative screw view mode, and then implant the guide
wire according to the safely designed trajectory. SVMN displays a
perfect screw position on the static axial, sagittal, and coronal
image of CT, and the fracture morphology and the navigation of
the guide wire’s direction in the small bony periacetabular
corridors can be clearly seen through the image. The relative
position of the patient’s tracker and surgical tools must be
maintained during surgery,!'”! otherwise the operation will fail.
As a result, perfect preoperative surgical design and steady
intraoperative navigational image are the key points of the whole
operation.

ORIF for the treatment of acetabular anterior column fractures
are usually done by ilioinguinal approach and the posterior
approach usually uses the classic K-L approach.'® The
advantages of ilioinguinal approach™®! are small interference
in muscle, less injury, concealed incision, faster recovery after
internal fixation, and low incidence of heterotopic ossification.
However, since the ilioinguinal approach passes through many
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Figure 4. The screw view mode (blue arrow) of navigation was selected at workstation. When the right lower corner of the image shows green (red arrow), and it

would the best time to implant a guide wire.

important tissues, and the anatomic level is complex, ORIF still
leads to various complications, such as the injury of spermatic
cord? or the circular ligament of the uterus, and the injury of the
femoral nervel?'! and the lateral femoral cutaneous nerve,??!
which consequently may cause the dysfunction of the lower
extremities, and the hypesthesia of the anterolateral thigh skin.
What’s more, vascular damage to the femur can lead to severe
intraoperative bleeding,'®! even shock and death, so particular
attention should be paid to the communicating branches between
the external iliac artery!?*** and inferior epigastric artery, which
is called “death crown”, and its injury may cause fatal bleeding.
The posterior approach of the acetabulum is restricted by the
superior gluteal vessels and nerves, and the scope of exposure is
limited as well. The sciatic nerve, the medial circumflex artery and
the superior gluteal vessels may be damaged during the
operation.*! In addition, ORIF may cause another problem that
is the infection of the incision.!®”! Although the incidence of deep
incision infection is low, superficial infection is very common,
especially in obese or diabetic patients, and is one of the main
causes of incisional hernia.*®>”! The purpose of the treatment of
acetabular fractures is to reconstruct the integrity of the articular
surface, but itis also important to avoid or reduce the incidence of

complications, and this would be a challenge to the less
experienced surgeons. We solved this problem perfectly using
the navigation screw view mode.

PPS implantation is particularly challenging due to its complex
3D anatomy. A clinical study reported the malposition rate of PPS
implantation under fluoroscopy guidance was as high as
16.7%.181 In our study, the accuracy rate of screw position as
grade 0 was 100%. We attribute this positive result to the
application of the navigation system for preoperative planning
and the guidance of pedicle screw insertion with SVMN.

In our study, the implanting time of 2 screws was 45.5 minutes
including image acquisition, surgical design, guide wire insertion,
and screw implantation, and it took 6.7 minutes for the 2 guide
wires to be implanted. Under screw view mode of navigation, the
numbers of guide wire attempts were reduced, and each screw
was successfully inserted at its first attempt. Research suggests
that navigation systems did not require additional operation time
for setup of the navigation devices.””! Besides that, study
illuminated that using navigation guidance result in significantly
shorter fluoroscopic time than fluoroscopic guidance does for
checking the position of the guide wire.*®! We consider these
positive results are related to the application of SVMN.
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Figure 5. Postoperative 3D CT examination of pelvis. (A) The axial plane of anterior acetabular column indicated that the displacement gap of fracture was
improved to 0.5mm, (B) The coronal plane of anterior acetabular column indicated that the displacement gap of fracture and step were significantly improved to 0.6
and 0mm, (C) The axial plane of posterior acetabular column showed that the displacement gap of fracture and step were significantly improved to 1.3 and 0.3mm,
(D) The coronal plane of posterior acetabular column showed that the displacement gap of fracture and step were significantly improved to 1.4 and Omm, (E) The
sagittal plane of acetabular fracture showed that the screws were on the outside of the articular surface and fracture fixation was good, (F) The 3D reconstruction

image of pelvis. 3D=3 dimensional, CT=computed tomography.

Regarding fracture dislocations, the fracture dislocation of
anterior/posterior column on axial image was 9.8/7.8 mm
preoperatively and 0.5/1.3 mm postoperatively, that on sagittal
image was 6.4/3.7 mm before surgery and 1.3/1.4 mm postoper-
atively, and that on coronal image was 8.0/7.3 mm before surgery
and 0.6/1.4mm postoperative. Schwabe P et al!*®! reported that
the mean fracture displacement of gap reduced from 4.1 + 1.8 mm
to 0.4+0.7mm, and the mean fracture displacement of step
reduced from 1.4 +0.6 mm to 0.2 + 0.4 mm. Our reduction results
were similar to those of the literature reported.!*®! In our study,
there were small steps postoperative, however, fractures achieved
bony union and the hip joint functioned normally at the end of
the follow-up. We attribute these positive results to the precise
screw implantation with SVMN thus the fracture region achieved
stable fixation and facilitated bony union.

Many authors reported excellent results of PPS fixation for
stabilizing the acetabulum fracture. However, screw loosening is
a typical complication of the acetabulum fracture, which may be
related to osteoporosis.>®!! Its prevention is crucial, as it has
been associated with the occurrence of several complications,
including screw breakage and insufficient strength of biome-
chanics. In our case, no periacetabular screw loosening was
observed, either because of the short time of follow-up or because
SVMN was used to complete the correct screw implantation.
Furthermore, implanting all PPS in 1 time avoided multiple drill
holes that may lead to screw loosening.

Several drawbacks of this review are summarized as follow.
First, the surgeon needs to be quite familiar with the state of
navigation, and constantly judge whether the image is drifted in
the navigation during the operation, thus to avoid the operation

The fracture displacement of gap and step on axial, coronal, and sagittal plane of CT image.

Axial Coronal Sagittal
FD Pre- Post- Pre- Post- Pre- Post-
GAC, mm 9.8 05 8.0 0.6 6.4 1.3
SAC, mm — — 0.2 0 19 0.9
GPC, mm 7.8 1.3 7.3 14 3.7 14
SPC, mm 0.2 0.3 2.9 0 1.8 15

CT=computed tomography, FD =fracture dislocation, GAC = gap of anterior column, GPC = gap of posterior column, mm = millimeter, Post- = postoperative, Pre- = preoperative, SAC = step of anterior column,

SPC=step of posterior column.
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failure of the operation due to the deviation of navigation
accuracy. Secondly, the range of indications is narrower, and it is
only suitable for minimal dislocation of acetabular fractures.
In conclusion, the PPS insertion assisted by SVMN system is a
simple and highly feasible procedure for less-experienced
surgeons. Our lesson is that the relative position between the
acetabular and the patient tracker must be static to ensure the
accuracy of the entire system throughout the operation.
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