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Abstract
Background: Percutaneous vertebroplasty (PVP) via various puncture approaches was an effective
minimally invasive treatment for osteoporotic vertebral compression fractures (OVCFs). In recent years,
unilateral puncture techniques had been increasingly used with advantages of shorter operation time,
lower X-ray exposure. The aim of this study was to explore the safety and e�cacy of the unilateral
transforaminal approach (UTFA) in PVP for the treatment of OVCFs.

Methods: A retrospective study was designed to review 155 cases of single-level OVCFs from July 2018
to December 2019. We treated 77 patients with PVP via the UTFA and 78 via the bilateral transpedicular
approach (BTPA). Operation time, number of intraoperative �uoroscopic X-rays, volume of bone cement
injection and distribution of bone cement were recorded. We used Visual Analog Scale (VAS) score and
Oswestry disability index (ODI) presurgery and at 1 day, 3 months and last follow-up after surgery to
assess clinical outcomes.

Results: The operation was successfully completed in both groups, with no complications of
neurovascular injuries or bone cement embolism. UTFA group had signi�cantly shorter operation time
and less-frequent �uoroscopy than BTPA group (P < 0.05). There were no signi�cant differences between
the two groups in volume or distribution of injected bone cement (P > 0.05). Postoperative VAS scores
and ODI of the two groups were signi�cantly improved over their presurgical values (P < 0.05), but there
were no signi�cant differences in VAS or ODI at each time point between the two groups (P > 0.05).

Conclusions: Both unilateral transforaminal PVP and bilateral transpedicular PVP were safe and effective
treatments for OVCFs, but the former approach had the advantages of shorter operation time and less X-
ray radiation exposure and therefore is worthy of greater clinical application.

1 Background
Osteoporosis is a systemic metabolic bone disease characterized by low bone content and
microarchitectural deterioration of bone tissue, which increases the risk of fracture [1, 2]. With the aging
of society, the incidence rate of osteoporotic vertebral-compression fractures (OVCFs) tends to increase
year by year [3]. OVCFs are characterized by back pain, spinal deformity and pulmonary dysfunction,
which often reduce the patient’s quality of life (QoL) and increase the �nancial burden on patients, the
healthcare system and society [4].

Traditional conservative treatments for OVCFs, such as bed rest, analgesic drugs, antiosteoporotic drugs,
bracing and physical rehabilitation, can cause respiratory infection, bedsores, acceleration of osteopenia,
urinary-tract stones or deep-vein thrombosis [5, 6]. The alternative of percutaneous vertebroplasty (PVP),
which can provide better pain relief, functional recovery and QoL, has become a routine surgical
procedure for the treatment of OVCFs [7, 8].
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A fractured vertebral body (VB) can be accessed by various puncture methods, including the unilateral
and bilateral transpedicular approaches and the unilateral extrapedicular approach [9, 10]. At this writing,
there is still no consensus on the optimal approach, but the unilateral approaches, which have the
advantages of shorter operation time, lower radiation dose and less cement leakage, have gradually
come to be accepted [11, 12]. However, the unilateral transpedicular approach has the complications of
facet joint damage, pedicle disruption and spinal-canal intrusion [13], and the unilateral extrapedicular
approach can injure the lumbar artery [14–16]. To avoid the above-mentioned disadvantages, we used
the unilateral transforaminal approach (UTFA) to PVP for the treatment of OVCFs. In this study, we
retrospectively analyzed the safety and e�cacy of unilateral transforaminal PVP versus bilateral
transpedicular PVP for OVCFs.

2 Methods

2.1 Patients
Patients with painful OVCFs, treated by PVP at our hospital between July 2018 and December 2019, were
included in our study. Inclusion criteria for the study were as follows: (1) age >60 years; (2) osteoporosis
diagnosed by measuring bone mineral density (BMD) using dual-energy X-ray absorptiometry (DEXA),
with BMD T-score ≤ − 2.5 [17]; (3) magnetic resonance imaging (MRI) showing low T1- and high T2-
weighted signals [18]; (4) single-level OVCFs; and (5) <50% collapse of the VB. Exclusion criteria were as
follows: (1) pathological fractures caused by metastatic tumors or hemangiomas; (2) OVCFs with ≥2
levels; (3) spinal-cord compression with neurological impairment; (4) spinal infections; (5) incurable
bleeding disorders; (6) severe cardiopulmonary dysfunction; or (7) intolerance of surgery.

A total of 155 patients (27 males, 128 females) with a mean age of 77.2 ± 8.9 years (range, 60–97 years)
were enrolled in the study. We divided them into two groups according to the puncture approach. Those
who underwent PVP via the UTFA were included in the intervention group, and those who underwent PVP
via the bilateral transpedicular approach (BTPA) were included in the control group. The details of the two
groups are shown in Table 1. There were no signi�cant between-group differences in patient age, sex,
BMD, distribution of fractured vertebrae or duration of follow-up (all P > 0.05).

2.2 Surgical procedure
The patient was placed in the prone position. Two C-arm X-ray machines were positioned to display
anteroposterior (AP) and lateral projections of the fractured vertebra. Senior spine surgeons performed all
procedures with patients under local anesthetic with 1% lidocaine.

UTFA group: The skin entry point was chosen to be 5–7 cm lateral to the midline at the inferior endplate
of the superior vertebra. A trajectory line was drawn between the skin entry point and superolateral area
of the fractured vertebra. Under the guidance of the C-arm X-ray machine, a needle gently delivered bone
cement via Kambin’s triangle to the posterosuperior corner of the vertebra, higher than the sagittal
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superior notch of the pedicle on the lateral image. The needle was placed at the superolateral area of the
fractured vertebra, not beyond the medial margin of the ipsilateral pedicle on the AP image. The patient
was asked whether radiating pain was felt. Then, the needle’s angle and direction were adjusted to
penetrate the cortex until the needle tip was positioned at one-third of the anterior part of the VB on the
lateral view, and closed to or crossing the midline in AP view. Polymethyl methacrylate (PMMA) cement
was prepared at the appropriate viscosity and injected every 0.5–1 ml in both the AP and lateral views.
The injection was stopped if the cement reached the posterior quarter of the VB or if cement leakage was
noticed. The bone cement needle was not removed until the cement had hardened. Typical case was
shown in Fig 1.

BTPA group: Bilateral pedicle projections on the skin were drawn under the AP view. The skin entry point
was 0.5–1 cm lateral to the pedicle projection. Needles were inserted at the 10 o’clock position relative to
the left pedicle and at the 2 o’clock position relative to the right pedicle at the craniolateral border of each
pedicle. The puncture angle was adjusted under C-arm X-ray �uoroscopy. When the puncture needle tip
reached the posterior edge of the VB, care was taken that it did not cross the medial margin of the pedicle
in the AP view. Then, the needle was advanced at one-third of the anterior part of the VB in the lateral
view. Cement injection procedures were identical to those described for UTFA group.

2.3 Postoperative treatment
All patients in both groups were bedridden for 2  h after surgery. Vital signs, bleeding, sensation and
movement of lower extremities were observed. The next day, all patients could rise from bed wearing
waist braces; antiosteoporotic drugs were administered, and postoperative spine and chest X-rays were
performed. Patients were discharged on the second day after surgery and continued to receive anti-
osteoporosis treatment.

2.4 Outcome measures
Asymmetric distribution of bone cement in a VB can lead to biomechanical imbalance of stress on the VB
[2, 19]. Therefore, we divided the distribution of bone cement in the VB into symmetrical and
asymmetrical, per postoperative X-ray results.

We recorded incidences of nerve and blood vessel injury and of bone cement embolism, operation time,
number of intraoperative �uoroscopic X-rays, volume of bone cement injected and distribution of bone
cement. We used Visual Analog Scale (VAS) score and Oswestry disability index (ODI) presurgery and 1
day, 3 months and last follow-up after surgery to assess clinical outcomes.

2.5 Statistical analysis

We used SPSS software version 19.0 (IBM Corp., Armonk, New York, US) for statistical analysis.
Measurement data are presented as the mean ± standard deviation (SD). Intergroup differences were
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evaluated using an independent-sample t test, and intragroup differences using a paired-sample t test.
We assessed enumeration data using a χ2 test. A P-value of < 0.05 was considered statistically
signi�cant.

3 Results
The operation was successfully completed in both groups. There were no spinal-cord or nerve root
injuries, no hematomata and no bone cement embolisms.

Differences between the two groups in operation time, number of intraoperative �uoroscopic X-rays,
volume of bone cement injected and distribution of bone cement are summarized in Table 2. Operation
time and number of intraoperative �uoroscopic X-rays in UTFA group were, respectively, 27.4  ±  3.0 min
and 16.7 ± 1.3 times, which were both lower than those in BTPA group (32.3 ±  2.3 min and 18.2 ± 1.6
times, respectively; both P < 0.05). There were no statistically signi�cant differences in volume of bone
cement injected or distribution of bone cement between the groups (both P > 0.05).

VAS score and ODI were signi�cantly improved after surgery compared with their presurgical values in
both groups (both P > 0.05), but there were no statistically signi�cant between-group differences at the
same measured time points (both P > 0.05; see Table 2).

4 Discussion
Since PVP was �rst reported by Galibert in 1987 [20], it has been recommended as an effective minimally
invasive treatment for painful OVCFs [21–23]. The standard approach to PVP is the bilateral
transpedicular one. However, in recent years, unilateral puncture techniques such as the unipedicular or
extrapedicular approach have been increasingly used, as they have the advantages of shorter operation
time, lower X-ray exposure and better cost-effectiveness [24–26]. The optimal target location for
unilateral PVP is one-third anterior and midline of the VB so that bone cement can diffuse to the
unpunctured side, which balances the stress on the VB [19, 27]. Therefore, the unipedicular approach
requires a more aggressive medial-inclination angle, which can lead to complications of facet joint
damage, pedicle disruption and spinal-canal intrusion [13, 28]; meanwhile, the extrapedicular approach
carries the risk of lumbar-artery injury [14–16]. In this study, we used the unilateral transforaminal
approach to PVP for the treatment of OVCFs. We saw none of the above-mentioned complications, and
operation time and X-ray radiation exposure were signi�cantly lower than those in bilateral transpedicular
PVP.

The intervertebral foramen is located between the deep arch of the inferior vertebral notch of the superior
vertebra and the shallow arch of the superior vertebral notch of the inferior vertebra [29, 30]. The spinal
root and vascular plexus course through the anterosuperior midportion of the foramen, immediately
inferior to the upper pedicle [29, 31]. The skin entry point for the unilateral transforaminal approach is at
the inferior endplate of the superior vertebra, at the inferior midportion of the foramen. Therefore, the
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unilateral transforaminal approach can anatomically avoid injuring the nerve root and vessel. The
operation is performed under local anesthesia so that the patient can be asked about sensations of
radiating pain, to avoid the risk of nerve root damage. In the process of puncturing the vertebral surface,
the bone needle is placed above the superior notch of the pedicle to avoid injuring segmental vessels
[14–16], and not beyond the medial margin of the ipsilateral pedicle, to avoid damaging the spinal cord
and dura. In our study, we saw no complications of spinal-cord or nerve root injuries, hematomata or bone
cement embolism, which further a�rmed the safety of this method.

PVP involves the injection of bone cement into the VB to restore the rigidity and strength of the fractured
vertebra, which on average, respectively, require cement �lls of 16.2% and 29.8% [32]. Röder et al.
recommend that at least 4.5 ml bone cement be injected to alleviate pain to a signi�cant degree [33].
Besides cement volume, cement distribution is important to surgical effectiveness. When cement
augmentation is limited to the punctured side of the VB only, the rigidity of the unpunctured side remains
much weaker, which in turn leads to stress imbalance on the VB and subsequently induces compression
and collapse of the weaker side. If cement augmentation crosses the midline, the rigidity of both sides
increases to achieve biomechanical balance [2, 19]. Tan et al. and Zhang et al. both found that when
bone cement can fully contact the upper and lower endplates, it can better reduce the risk of vertebral
recompression and maintain the height of the VB [34, 35]. In our study, the volume of bone cement was
5.70 ± 0.86 ml in UTFA group and 5.82 ± 0.72 ml in BTPA group, with no statistically signi�cant
difference between the groups (P > 0.05); between-group distribution of bone cement did not differ
signi�cantly, either. Although cement was limited to the punctured side only in four cases of UTFA group,
we were able to inject it during surgery via the contralateral transpedicular or transforaminal approach to
obtain symmetrical distribution. VAS score and ODI in both groups were signi�cantly decreased
postsurgery versus presurgery (P < 0.05), with no signi�cant differences in VAS score or ODI between the
groups (P > 0.05). This meant that both unilateral transforaminal and bilateral transpedicular PVP, with
similar clinical e�cacies, could effectively relieve back pain and improve QoL.

In our study, the UTFA in PVP had the following advantages. First, as a unilateral puncture method, it
could simplify the procedure while reducing operation time and X-ray radiation exposure. Second, as the
puncture path was made in soft tissue, local anesthesia could reduce intraoperative pain more effectively
than in the transpedicular approach. Third, the puncture direction and angle could be adjusted more
widely to deliver the bone needle to one-third of the anterior middle region of the VB, which is not
restricted by pedicles and is especially suitable for patients with abnormal or small pedicles.

The major limitation of our study was its retrospective design. Therefore, a randomized, controlled
prospective study with long-term follow-up is required to con�rm these results.

5 Conclusions
Both unilateral transforaminal PVP and bilateral transpedicular PVP were safe and effective treatments
for OVCFs, but the unilateral transforaminal approach, with the advantages of shorter operation time and
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less X-ray radiation exposure, proved worthy of greater clinical application.
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Tables
Due to technical limitations, table 1 & 2 is only available as a download in the Supplemental Files section.
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Figures

Figure 1

A 81 years old female patient was treated with PVP via unilateral transforaminal approach. a, b:
Preopreaive x-ray (a) and MRI (b) showed acute L1 OVCF. c, d, e: The process of unilateral transforaminal
PVP for L1 OVCF: c The needle tip was located at the superolateral area of the VB on the AP image and at
the posterosuperior side of the vertebra on the lateral image. d The needle tip crossed the midline on the
AP image to one-third of the VB on lateral view. e Cement augmentation crossed the midline and �lled the
unpunctured side. f: X-ray on 1 day after operation showed symmetrical cement distribution.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Table.pdf

https://assets.researchsquare.com/files/rs-154379/v1/96fbb1078c4c5647e8e1aaef.pdf

