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ABSTRACT

Osteoporotic vertebral compression fracture (OVCF) is a common disease among the elderly individuals. With the aging of the
population development, the incidence of OVCF is increasing. Cementation of vertebral body like percutaneous vertebroplasty
(PVP) is @ minimally invasive and effective treatment. However, the application in upper and mid-thoracic vertebrae is rare for
poor fluoroscopy view caused by osteopenia vertebral body itself and scapula, sternum block. Inaccurate puncture and high radi-
ation exposure of PVP in upper and mid-thoracic vertebrae still challenge surgeons. Owing to the ability of musculoskeletal ultra-
sound in revealing the clear real-time view of soft tissues and skeleton, the authors use intraoperative ultrasound-guided PVP to
treat eight patients with upper or mid-thoracic vertebra body OVCFs, which has been tested to be a safe, feasible and satisfied

technique after the operation and follow-up. To the authors’ knowledge, this technique has not been reported elsewhere.
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INTRODUCTION

The aging structure of social population is prominent, and the
prevalence of osteoporosis is gradually increasing.’ The main
complication of osteoporosisis osteoporotic vertebral compres-
sion fracture (OVCF), which can effect spinal curvature, sagittal
balance and cardiopulmonary function.’Cementation of verte-
bralbody, including the percutaneous vertebroplasty (PVP),isa
wide-used minimally invasive way for OVCF. Due to high risk
and difficulty of operation, the application of PVP in upper and
mid-thoracic vertebrae is rare, and the accurate puncture is a
crucial procedure.’ In recent years, with the development of
ultrasound technology, it has been gradually applied in spinal
operationstudy.*’

Ultrasound can clearly and real-time reveal soft tissues and
bony parts, such as muscle, spinous and transverse process,
which could assist to guide the position and direction of needle
inorder toimprove the accuracy and safety of PVP in upperand
mid-thoracicvertebrae.
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TECHNIQUE

Inclusion criteria were: age 60-75 years, vertebral fracture
located in T3-T8 segment, bone density T <-2.5 (DAX method),
severe back pain from fresh single segment thoracic vertebral
body fracture confirmed by MRI, compression less than 1/3 of
vertebral body height without lesion in posterior wall of verte-
bral body, and informed consent for surgery and cooperationin
postoperative follow-up. Exclusion criteria were: multiple verte-
bral compression fractures, fracture duration more than three
weeks, pathological fractures caused by malignant tumors,
severeburstvertebralfractures, vertebral fractures with neuro-
logical symptoms, and severe blood coagulationdisorders.

Manipulation-reduction for the thoracic osteoporotic fracture
was performed with hyperextension position of spine. CT scan-
ning was essential forthe design of various preoperative param-
eters including abduction angle (<a), inclination angle (£B),
entry point of skin (A) and optimal puncture path (AD) (Figure A
and B). Point F marked on the skin was the spinous process of
fractured vertebra; and point A, as entry point of skin, was
decided by AF distance lateral to midline. Point B was the trans-
verse process tip with point C as the base of the pedicle and
point D as the front of the vertebra on this puncture path.
Distance of BC could enable surgeon to control the puncture
depth of bony part, and beyond the limited depth of CD was of
highdanger.

Patientwasplacedin prone position with abdominal suspension
by soft pillows under chest and ilium. Both arms were put up to
head. The angle of C-arm fluoroscopy machine was adjusted to
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projecttoward theinjured vertebral body, ratherthanthe whole
thoracic column for standard AP and lateral view. In this stan-
dard AP view, both pedicle shadows of injured vertebral were
symmetrical to midline. In this standard lateral view, the end
plate of the injured vertebral body presented "single line
shadow". The upperand lower margins of the two pedicles were
fully overlapped. Ultrasonic probe was prepared after surgical
disinfection. Anesthesia needle entered the skin by point A,
which has already been made during the preoperative
management. Local anesthesia was carried out with the ultra-
sound guidance by low frequency convex array ultrasound
probe from skin layer, subcutaneous, fascia to periosteum of
transverse process.

Figure 1: @. Entry point of skin (A), the tip of the transverse process (B),
the base of the pedicle (C), the front of the vertebra on this puncture path
(D), markontheskin of spinous process, abductionangle(<a). Inclination
angle(<p).

Figure 2: Typical case for T3 fracture, (1,2) Preoperative parame-
ters planning, (3) Ultrasound assistance procedure, (4,5) Ultra-
sound identification of anatomy and guidance puncture needle,
(6,7) Distributionof bone cement.

Skin was cut for 0.5 mm, and the thin thoracic puncture needle
was guided by ultrasound from skin point A through subcuta-
neous, fascial, muscular layer to precisely reach point B, which
was the tip of transverse process. Subsequently, the PVP punc-
ture needle was properly hit into the bony part of this injured
thoracic vertebra gradually with the planned head inclination
and abduction angle before operation. Entrance depth of PVP
puncture needle from point B was continuously observed,
according to the measured date from surgery planning proce-

dure. Reasonably, the safe bony advance distance was limited
in 10 mm beyond BC, and no more than BD. Ultrasound-guided
puncture position was detected by fluoroscopy. Quantities of
bone cement were controlled and injected into the vertebral
body slowly. The distribution of bone cement was confirmed by
fluoroscopy. After the injection, the working sleeve and push
rod were rotated together to avoid adhesion with bone cement
and pulled out until cement became solid. Incision was locally
compressed by hand to stop bleeding for 5 mins and sealed by a
smallelasticband-aid (Figure 2).

Postoperatively, patients kept to bed for 2-6 hours and wore a
brace to get off the bed. Pain, induced by fracture, improved
obviously, so the patient was encouraged to walk, breath exer-
cise and left hospital in three days after taking X-ray and CT.
Besidestheinstructiontofall prevention, thesystematicanti-os-
teoporosis treatment should be given to each patient. There
were eight patients (6 females, 2 males) with upper or mid-tho-
racic vertebral body OVCFs (1 eachT3andT6, 2 forT7,and 4 for
T8) underwent ultrasound-assisted PVP and finished the follow-
up for more than 12 (14.63 = 0.80) months. The duration of
surgery was 23.88 £ 1.67 minutes. There was one case of bone
cementleakage, but without neurological symptom. There was
no re-fracture of operative and adjacent vertebral body during
thefollow-up.

DISCUSSION

A common and serious complication of osteoporosis (OP), the
OVCF, always induces pain and other complications which may
influence patients' life quality or even threaten their lives.®
Although thoracolumbar spine are affected OVCF with high
frequency, theincidence rate and risk of thoracic fractures in the
upper and middle parts should also not be underestimated.’
Patients with OVCF, who have underwent surgery, reveal 22%
lower mortality rate in the next decade as compared with the
patients who have beentreated by conservative way.’lthasbeen
widely accepted that cementation of vertebral body of PVP is a
classical method in treating OVCF due to its less invasiveness
and effective pain control. However, owing to particularity of
anatomical factors which obviously block the AP and lateral
fluoroscopy view, precise puncture of PVP in treating the upper
and mid-thoracic OVCFisstilla challenge forsurgeons.

Scholars have defined T1-T4 as the upper thoracic vertebra, T5-
T8 as mid-thoracic vertebra, and T9-T12 as the lower thoracic
vertebra.” Research had shown that unilateral approach was
characterised by short operation time, low hospital cost, less
number of X-ray views, and less risk of bone cement leakage.” In
this study, unilateral parapedicularapproach was adopted. Para-
pedicular pathway may improve the bone cement distribution in
theinjured vertebral body, which could reduce the risk of re-frac-
ture of operative and adjacent vertebral body, according to the
resultofthisstudy.

Puncture has a vital role in the whole PVP procedure. There are
many challenges in the process of puncture in treating an upper
or mid-thoracic vertebral body injury. The anatomical factors
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mentioned above are of the first concern. Shapes vary among
different segmentsinthoracic vertebra, and the pedicle of upper
and mid-thoracic vertebrae are thinner as compared with lower
parts of spine. In addition, the wall of thoracic pedicle is close to
spinal cord medially and pleura laterally. There are vital blood
vessels, pleura and other important organs in front of vertebral
body. In the standard lateral fluoroscopy, the occlusion of
scapulaand shoulderjoint affect the precision of puncture. In the
AP view, the overlaping shadow of the sternum, and calcification
of aortic arch, which is a common disorder among the elderly,
also significantly interferes with the image recognition degree of
the injured vertebra. At the same time, osteoporotic vertebral
body itself decreases the degree of identification of anatomical
structure. Therefore, anatomicalfactorsinterfere with identifica-
tionunderthefluoroscopy.Secondly, PVPunder fluoroscopy only
involves radiation exposure. In addition, fluoroscopy machine
moving in and out adds to operation time. Thirdly, fluoroscopy
can only produce two-dimensional images, so routine PVP is
performed depending on the subjective experience of the
surgeon to a large extent. Fourth, there is a posterior medial
branch of the spinal nerve at the tip of the transverse process of
the thoracic vertebrae. Inaccurate repeated puncture may
increase the risk of injury of this nerve and cause postoperative
shoulder and back pain. Therefore, it is difficult and risky to treat
upperandmid-thoracic vertebral fracture with PVPunderfluoros-
copyguidanceonly.

Based on the anatomical and pathological factors, PVP with
fluoroscopy alone is still accompanied with several risks in
treating upper and mid-thoracic fracture. However, intraopera-
tive ultrasound guidance can make up formany ofthese deficien-
cies. Nerve, tendon, ligament, and bone are particularly suitable
for evaluation by this technique.'* Portable ultrasonic probe is
small in size and can be moved on the operating table easily,
which could avoid frequent moving in and out of the large C-arm
machine. Meanwhile, conventional softtissue, overlapping bone
(scapulaofsternum)andlungtexture have always affect fluoros-
copy view and also induce the high radiation exposure at the
same time. Images generated by ultrasound can avoid these
interference factors and provide more intuitive pictures to
enable surgeon to identify the bone puncture point. In addition,
without large equipment like intraoperative CT or MRI scanning
assistance, ultrasound can achievereal-timeimaging todynami-
cally guide accurate anesthesia and PVP puncture, which
decreases iatrogenic injury risk and save operation time." It has
been reported that ultrasound could even check the integrity of
the pedicle screw canal.” Theoretically, it may also detect the
bone cement leakage in time. Application of ultrasound assis-
tance in PVP can obviously reduce the frequency of fluoroscopy
during the puncture procedure, which can both save the duration
of surgery with (23.88+1.67) mins in this study, and radiation
exposure. The most important advantage is that the real-time
visualisation operation can ensure safety, and avoid iatrogenic
injury. Therefore, It is a convenient and safe operation, and it is
also conduciveto shorten the technique learning curve of PVP for
beginners.

This technical operation has the following notices: Patients are

under the local anesthesia. In order to obtain well cooperation
and guarantee the safety during this procedure, itis essential to
perform preoperative introduction and intraoperative commu-
nication with patients. Wide shape of ultrasonic probe should be
avoided for patients who are very thin, otherwise the ultrasonic
probe cannot closely contact the skin on the operation area,
which would influence the inaccuracy of imaging. The fracture
time and the compressed degree of vertebral body should be
limited inthistechnique, orthe effect of the reduction by manip-
ulation would be unsatisfied and add the cement leakagerisk as
well. The diameter of the puncture needle should be controlled,
usage of larger diameter may enhance iatrogenic injury in
thoracic vertebra body. One segment upper and lower the frac-
turevertebra’s pedicles shapein AP view, is helpful inidentifica-
tion of puncture needle position on injury thoracic vertebral
body when fluoroscopy, in some serious osteoporosis cases, is
used to check the puncture position after ultrasound assis-
tance. Cement leakage is a common complication of PVP, a
proper amount of gelatin sponge placed by working sleeve
before theinjection could reduce the leakage rate. Control bone
cement status is vital element in leakage precaution. After the
injection, rotate the push rod and the working sleeve and leave
them for a while to avoid the leakage of the bone cement from
the track. Emphasis on cough control and fall prevention are
reasonable precaution measures for avoiding recurrence of
thoracic OVCF. Furthermore, systematic effective anti-osteo-
porosistreatmentforthese patientsisessentialaswell.

To sum up, intraoperative ultrasound-assisted unilateral para-
pedicular approach PVP is a feasible method and of obvious
advantages in upper and mid-thoracic OVCF. With the assis-
tance of ultrasound, the preoperative design, including skin
entry point, abduction angle (£a), inclination angle (£B), and
depth of puncture, can not only reduce the operational risk, but
also shorten the operation duration and dosage of radiation
exposure. Additionally, the price of ultrasound equipment is
affordable. With the optimisation of ultrasound equipment, this
technology notonly can guide PVP puncture by dynamic visuali-
sation, butalsohasacertain prospectin monitoring the leakage
of bone cement in time. Therefore, this technique is worthy of
clinical promotion for upper and mid-thoracic vertebra body
osteoporoticfracture.
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