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Multi-slice spiral computed tomography in diagnosing unstable pelvic fractures in

elderly and effect of less invasive stabilization
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Abstract

BACKGROUND

Older people are more likely to experience pelvic fractures than younger people. Multi-
slice spiral computed tomography (CT) uses three-dimensional (3D) reconstruction
technology to generate 3D images that can clearly demonstrate the 3D space of fractures

and detect fractures at a higher rate.

AIM
To investigate the clinical value of multi-slice spiral CT 3D reconstruction in the diagnosis

of unstable pelvic fractures in the elderly as well as the effect of less invasive stabilization.

METHODS

A total of 86 patients with unstable pelvic fractures treated between March 2016 and
March 2019 underwent femoral supracondylar bone traction before surgery. Pelvic
radiography and multi-row spiral CT were performed successively once the patient’s
vital signs and hemodynamic indices were stable. Secondary processing of the original
data was performed to obtain 3D reconstruction images and determine the vertical

displacement of the pelvis. After basic or complete reduction, minimally invasive internal
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fixation using hollow lag screws was performed. The detection rates of fracture location
and classification by X-ray and CT reconstruction were compared. Patients were divided
into two groups according to the presence or absence of preoperative 3D reconstruction
to compare postoperative reduction, wound healing time, fracture healing time,
hospitalization time, visual analog scale (VAS) score, poor internal fixation, and

functional recov ery.

RESULTS

The diagnostic coincidence rates of X-rays for pubic symphysis, ilium wing, sacroiliac
periarticular, and sacral fractures were lower than those of CT reconstruction. The
coincidence rate of CT reconstruction in the clinical classification of pelvic fractures was
100%, whereas 11 cases were misdiagnosed by X-ray; the total coincidence rate was
87.21%. The total excellent and good rates of postoperative reduction were significantly
higher in the study group than in the control group (P < 0.05). The wound healing,
fracture healing, and hospitalization times were significantly shorter in the study group
than in the control group (P < 0.05). The VAS scores decreased in both groups
postoperatively and were lower in the study group than in the control group (P < 0.05).
The total incidence of poor postoperative internal fixation was significantly lower in the
study group than in the control group (P < 0.05). The overall rate of postoperative
functional recovery was significantly higher in the study group than in the control group
(P <0.05).

CONCLUSION

Multi-slice spiral CT has high guiding significance for the diagnosis, classification, and
treatment of unstable pelvic fractures in the elderly. Preoperative 3D reconstruction can
effectively shorten the operation time and promote fracture healing, while minimally
invasive internal fixation can effectively reduce pain and promote functional recovery of

fracture sites, making it worthy of clinical application.
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INTRODUCTION

The pelvis is an important structure that connects the upper and lower parts of the body
and is rich in large blood vessels, nerves, and other important organs. The pelvis of a
normal adult comprises the left and right hip bones, sacrum, coccyx, and other bones.
Ligaments between bones form joints with a small range of activity. With age, bone loss
can lead to changes in the mechanics of bones, which are more fragile than those of
younger peoplel'). Pelvic fractures often occur during high-energy traumas. In elderly
individuals, the ability of the bone to resist rotation and compression is insufficient owing
to osteopenia, and minor violent stimulation can cause fracturesll. Pimelosis of the
yellow marrow in the sacral wing of the elderly leads to greater bone loss in this area,
whereas the sacrum has a relatively large bone mass(®l. In elderly patients with pelvic
fractures, fracture lines are often found on the sacral wing, mainly in cases of lateral
compression of incomplete fractureslll. The absorption of X-rays differs for different
tissue structures, forming chiaroscuro images. Studies have shown that X-ray
examinations are prone to misdiagnosis owing to the complex structure of the pelvis and
affected by various factorsl. The pelvic ring consists of the ilium, pubis, ischium, and
sacrum. When the sacrum is fractured, bone continuity is interrupted, which can cause
separation and dislocation of the cortical bone. Since the pelvic ring is an overlapping
structure, radiographic examinations are prone to misdiagnosis. Studies have shown that
16-slice computed tomography (CT) can be used to observe the internal structure of the
bone, which can increase the detection rate of occult sacral fractures(él. Multi-slice spiral
CT can produce three-dimensional (3D) images using 3D reconstruction technology,
leading to a clear observation of the 3D space of the bone fracture. Raniga et all’) reported
that multi-slice spiral CT had a higher detection rate of bone fractures than thin-slice CT
and could directly observe the fracture degree and shape. Unstable pelvic fractures in the
elderly are mainly treated with open surgery. Simple incomplete sacral wing fractures
are commonly treated with sacroplasty. Non-displaced sacral fractures are often treated

using percutaneous sacroiliac screws. Anterior ring fractures of the pelvis are often
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fixated with retrograde screws from the pubic tubercle to the iliac crest through the
symphysis pubisl®?]. This study aimed to investigate the application value of multi-slice
spiral CT in the diagnosis of unstable pelvic fractures in the elderly and the efficacy of
minimally invasive internal fixation with hollow tension screws to provide a valuable

reference for clinical practice.

MATERIALS AND METHODS
Clinical data

A total of 86 patients with unstable pelvic fractures between March 2016 and March 2019
were errolled in this study. The inclusion criteria were as follows: (1) age 65-85 years; (2)
within 2 wk after the injury; and (3) meeting the diagnostic criteria for unstable pelvic
fractures in “Practical Bone Science” (39 edition). The exclusion criteria were as follows:
(1) severe cardiovascular or hepatorenal dysfunction; (2) unsuitable for surgery; and (3)
mental health condition A total of 86 subjects (50 men, 36 women) were studied.
According to the Tile classification, 11 cases were type Bl, 66 were type B2, four were
type B3, and five were type C1. The mean patient age was 75.86 + 3.42 years (range, 68—
82 years). The average injury time was 5.24 + 1.23 days prior. There were 39 cases of traffic
accidents, 30 cases of high fall injuries, 13 cases of heavy object bruise injuries, and

four cases of crush injuries. Written informed consent was obtained from all patients.

Methods

All patients were first subjected to supracondylar femoral traction. Once the vital signs
and hemodynamic indicators were stable, pelvic radiography and multi-slice spiral CT
were performed to observe the fracture and perform 3D surgical simulation. Pain was

assessed using a visual analog scale (VAS).

Pelvic radiography examination: A digital X-ray imaging system (Siemens Company,
Germany) was used. The patient was placed in the supine position in which the median

sagittal plane was perpendicular to the bed’s surface and coincided with the midline. The
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upper aperture was 2 cm beyond the iliac crest and 3 cm beyond the lower edge of the
symphysis pubis, while the bulb was 100 cm away from the plate detector with a tube
current of 200 mA, tube voltage of 80 kV, and exposure time of 160 ms. The diagnosis

was recorded (Figure 1).

Multi-slice spiral CT scan: A 64 x 128-slice LightSpeed spiral CT (Siemens) was used.
The patient was placed in the supine position, and cross-sectional thin-slice scanning was
performed. The scanning conditions were 0.625-mm thickness, 0.625-mum layer spacing,
500 mA tube current, and 120 kV tube voltage (Figure 2). Multi-plane reconstruction,
volume rendering, and maximum intensity projection were performed on the original
image data to create the multi-plane 3D reconstruction images. The diagnoses were
recorded.

Two radiologists and orthopedists with more than 5 years of clinical experience
analyzed the obtained X-ray and CT 3D reconstruction images. After basic or complete
reduction of the pelvic vertical displacement, which was determined using 3D
reconstruction images, minimally invasive internal fixation with a hollow tension screw
was performed. The inner fixing apparatus was provided by the Xiamen Dabo Company.
Patients were divided into two groups [study group (7 = 58) and control group (12 = 28)]
according to whether the 3D surgical simulation was performed before surgery (Figure
3).

Minimally invasive fixation with a hollow tension screw was performed as follows: (1)
anterior ring fixation: internal fixation of the percutaneous hollow tension screw was
performed. The patient was placed in a supine position with lower limb traction. A guide
needle was inserted into the iliac crest. Under C-arm fluoroscopy, with the obturator in
the oblique position, the pelvic inlet and outlet were used to determine needle direction
and position. Subsequently, the skin was cut longitudinally, with the anterior superior
iliac spine as the midpoint, and the muscles were bluntly separated to the anterior
superior iliac spine. The internal and external iliac plates were separated with a

periosteum stripper, and the curvature of the subcutaneous rod was adjusted according
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to the patient’s abdominal type and subcutaneous fat thickness. The adjusted
subcutaneous rod was placed from the incision on one side of the anterior superior iliac
spine to the contralateral screw through the bikini area formed between the lower
abdomen and groin Bilateral screws were connected to complete the traction reduction,
and the nut was tightened. The reduction was observed under C-arm fluoroscopy, and
the excess rod was cut after its confirmation; and (2) Posterior ring fixation: Percutaneous
sacroiliac tension screw internal fixation was performed. The patient was placed in the
prone position with lower limb traction. The guide needle was inserted into two
transverse fingers outside the posterior superior iliac spine and two transverse fingers
above the greater sciatic notch. C-arm fluoroscopy of the pelvis in the anteroposterior,
inlet, outlet, and lateral positions was used to determine the direction and position of the
needle, which was inserted into the anterior 1/3 of the S1 vertebra at a 20° ventral incline
and 20° cephalic incline. C-arm fluoroscopy was used to reconfirm the angle and position,
followed by placement of the hollow nail with a washer along the guide needle and
tightening after confirmation under C-arm fluoroscopy. All patients received routine
anti-infection treatment after surgery and were instructed by a physical therapist to start

improving the lower limb muscle strength upon awakening (Figure 4).

Observation

The VAS score was again determined at 24 h postoperative. Radiography and multi-slice
spiral CT scans of the pelvis were performed again 3 mo after surgery to observe the
reduction of the pelvis (Figure 5), and the postoperative reduction was evaluated using
the Matta scoring criteria. Functional recovery was evaluated using the Majeed score at 1

year postoperative.

Determination criteria
Type A was a stable but slightly displaced fracture; type Al was a fracture with an intact
pelvic ring; type A2 was a stable and less displaced fracture; type A3 was a transverse

fracture of the sacrococcyx not affecting the pelvic ring; type B was a rotationally unstable
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and vertically stable fracture; type Bl involved anteroposterior compression or external
rotation force on the pelvis, resulting in the separation of the pubic symphysis fracture;
type B2 was a pelvic lateral extrusion injury or hip bone rotation injury; type B3 was a
bilateral rotatory instability fracture; type C was an unstable pelvic fracture in both
rotation and vertical directions; type C1 was unilateral posterior ring injury; type C2 was
bilateral posterior ring injury; and type C3 was a bilateral C type fracture. The VAS score
was 0-10, and the pain was aggravated from lower to higher scores (0, none; 1-3, mild; 4-
6, moderate; 7-10, severe). The Matta score was used to examine the postoperative
reduction effect; the total score was 18 points (18, excellent; 15-17, good; and < 15, poor),
and the total effective points were the sum of excellent and good. The Majeed score was
used to assess postoperative functional recovery, with a total possible score of 100 (85-

100, excellent; 70-84, good; and < 69, poor).

Statistical analysis

Statistical analyses were performed using SPSS 20.0. Measurement data are expressed as
mean 1 5D. A paired t-test was used to examine normally distributed data, while the U
test was used to examine non-normally distributed data. Enumeration data are expressed
as frequency (%) and were examined by the y? test. Statistical significance was set at P <

0.05.

RESULTS

Detection of fracture site by different methods

All patients were surgically diagnosed with pelvic instability fractures, including 10 with
pubic symphysis, 19 with iliac wing, 36 with sacroiliac periarticular, and 21 with sacral
fractures. The diagnostic coincidence rates of the X-rays were 40.00%, 36.84%, 30.56%,
and 33.33% for them, respectively, whereas the rates of CT reconstruction were 100.00%,

100.00%, 97.22%, and 90.48%, respectively (Table 1).

Tile classification
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The coincidence rate of CT reconstruction for all types of pelvic fractures in the clinical
classification was 100%, whereas there were 11 cases of misdiagnosis by X-ray for a

coincidence rate of 87.21% (Table 2).

Postoperative condition
The wound healing, fracture healing, and hospitalization times were significantly shorter

in the study group than in the control group (P < 0.05) (Table 3).

VAS scores
The mean postoperative VAS scores in both groups were lower than the preoperative
scores, and the mean VAS score in the study group was lower than that in the control

group (P <0.05) (Table 4).

Postoperative fracture reduction
The total postoperative reduction rate was significantly higher in the study group than
in the control group (P < 0.05) (Table 5).

Postoperative poor intemalﬁxation
The total incidence of poor interal fixation was significantly lower in the study group

than that in the control group (P < 0.05) (Table 6).

Postoperative functional recovery

All patients were followed up until March 2019. The total excellent and good rates of
postoperative functional recovery were significantly higher in the study group than those
in the control group (P <0.05) (Table 7).

DISCUSSION
Bone can be divided into dense and cancellous. Dense bone gradually thins with age,

while the number of bone trabeculae in the cancellous bone decreases and it thins, leading
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to osteoporosis characterized by decreased bone mass per unit volume or changes in bone
microstructure(!9). The decrease in estrogen levels during menopause accelerates calcium
loss from the bones. Osteoporotic fractures are common complications of osteoporosisfitl.
Under normal circumstances, pelvic fractures are caused by high-energy trauma, but
when the bone is loose in the pelvis, low-energy impact can also cause pelvic fractures(*2.
Elderly patients are less sensitive to pain than young people; thus, they may easily ignore
low-energy trauma. When a fracture occurs, the symptoms are not obvious and clinical
misdiagnosis is possible[*?l. At the same time, because of low bone density, X-ray image
resolution can be affected, which can also lead to misdiagnosis and delayed treatment of
patients with concealed fractures, such as posterior ring fractures of the sacral wing*.
Multi-slice spiral CT can construct 3D images, allowing physicians to observe the fracture
site from multiple angles and providing more information for treatment through
simulated surgical reduction("3].

This study demonstrated that the diagnostic coincidence rates of CT reconstruction
were 100.00%, 100.00%, 97.22%, and 90.48% for the pubic symphysis, iliac wing, sacroiliac
periarticular, and sacral fractures, respectively, significantly higher than those of the X-
rays. The 3D image constructed by multi-slice spiral CT can compensate for the poor
image affected by bone density on the X-ray, remove excess muscle tissue, and present
the 3D whole pelvic structure. Diagnostic accuracy can be significantly improved through
clear observation of the fracture site, reducing the occurrence of misdiagnosis. The 3D
reconstruction images were used to classify fractures, and the coincidence rate of CT
reconstruction for all types of clinical pelvic fractures was 100%. In contrast, there were
11 cases of misdiagnosis by radiography for a total coincidence rate of 87.21%, indicating
that multi-slice spiral CT is clinically significant for the preoperative classification of
pelvic fractures. Simultaneously, surgical reduction of fractures was simulated using 3D
reconstruction technology, and the length, size, position, and direction of the internal
fixation were determined preoperatively.

The study showed that the operative, fracture healing, and hospitalization times were

significantly shortened by the preoperative simulation Meanwhile, patients with
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minimally invasive hollow tension screw internal fixation had fewer wounds and pain,
good postoperative reduction and functional recovery, and a lower incidence of poor
internal fixation. The clinical outcomes were remarkable. Due to the small sample size
and the fact that the included types were mainly pubic symphysis, iliac wing, sacroiliac
joint, and sacral fractures, it is necessary to further expand the sample size and conduct
research that includes patients with other pelvic bones.

Above all, multi-slice spiral CT has high guiding significance for the diagnosis,
classification, and treatment of unstable pelvic fractures in elderly individuals.
Preoperative 3D reconstruction can effectively shorten the operation time of patients and
promote post-injury and fracture healing. Minimally invasive internal fixation can
effectively reduce pain and promote functional recovery of fracture sites, making it

worthy of clinical application.

CONCLUSION

Multi-slice spiral CT has a high guiding significance for the diagnosis, classification, and
treatment of unstable pelvic fractures in the elderly. Preoperative 3D reconstruction can
effectively shorten the operation time and promote postinjury and fracture healing.
Minimally invasive internal fixation is effective in reducing pain and promoting

functional recovery of fracture sites, and is worthy of clinical application.
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Figure Legends
Figure 1 Preoperative pelvic radiography. A, B: Pelvic X-ray (A) and multi-slice

computed tomography scan (B) used to observe the fracture.

Figure 2 Preoperative pelvic computed tomography. A, B: Multi-planar reconstruction,
volume rendering, and maximum intensity projection were performed of the original
image data of multi-slice spiral computed tomography scan to create each multi-planar

three-dimensional reconstructed image.

Figure 3 Preoperative three-dimensional reconstruction image. The three-dimensional
(3D) surgical simulation was performed by constructing 3D reconstructed images from

X-ray and multi-slice spiral computed tomography.

Figure 4 Intraoperative fluoroscopy image. The image showing minimally invasive

fixation with hollow lag screws.
Figure 5 Postoperative pelvic X-ray images. A, B: Pelvic X-ray (A) and multi-slice spiral

computed tomography scan (B) were used to observe the pelvic reduction at 3 mo

postoperative.
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Table 1 Fracture site detection by X-ray versus computed tomography (cases, n)

Fracture site X-ray CcT
Pubic symphysis 4 10
Iliac wing 7 19
Sacroiliac periarticular 11 35
Sacral 7 19
CT: Computed tomography.

Table 2 Tile classification of different fractures (cases, n)

Type X-ray MPR VR MIP
B1 10 11 11 11
B2 60 66 66 66
B3 3 4 4 4
C1 2 5 5 5

MIP: Maximum intensity projection; MPR: Multiplanar reconstruction; VR: Volume

rendering.

Table 3 Postoperative conditions by study group (mean * SD)

Group Case

. . Operation time (h) Fracture healing time (wk) Hospitalization time (wk)
Study 58 1.23+0.68 12.21+257 1623+2.42

Control28 1581 0.72 14.86 £ 2.62 19.86 £ 2.47

t value 2.194 4.453 6.475

P value 0.031 <0.001 <0.001
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Table 4 Pre- versus postoperative visual analog scale scores (mean * SD)

Group Cases Preoperative Postoperative
Study 58 8.9510.98 231 £0.62
Control 28 8.71+1.08 422 +0.64

t value 1.029 13.248

P value 0.306 < 0.001

Table 5 Postoperative reduction by study group, n (%)

Groups Cases Excellent  Good Poor Excellent and good
Study 58 34 (58.62) 24 (41.38)  0(0.00) 58 (100.00)

Control 28 10 35.71) 14 (50.00) 4 (14.29) 24 (85.71)

¥ value 5767

P value 0.016

Table 6 Postoperative poor internal fixation by study group, n (%)

Group Cases Loose Cracked Total
Study 58 1(1.72) 0 (0.00) 1(1.72)
Control 28 3 (10.71) 2(7.14) 5 (17.86)
X2 value 5.291

P value 0.021
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Table 7 Postoperative functional recovery by study group, n (%)

Group Cases Excellent  Good Poor Excellent and good
Study 58 30 (51.72) 26 (44.83) 2 (3.45) 56 (96.55)

Control 28 15 (53.57) 7 (25.00) 6 (21.43) 22 (78.57)

¥ value 5.262

P value 0.022
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