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Objective: To investigate the clinical efficacy of percutaneous kyphoplasty (PKP) with a unilateral versus bilateral approach in the 
treatment of osteoporotic vertebral compression fractures (OVCFs).
Methods: We retrospectively analyzed a total of 147 patients (unilateral group: 79, bilateral group: 68) with OVCFs treated with PKP 
at the Department of Spine Surgery, Wuhan Fourth Hospital between August 2020 and January 2022. Patients’ personal information, 
operation time, bone cement injection volume, as well as pre- and post-operative visual analogue scale (VAS), Oswestry disability 
index (ODI), anterior vertebral body height and Cobb angle were recorded.
Results: All 147 patients were successfully treated with PKP and were followed up for at least 6 months. Our results showed that the 
operative time was significantly shorter in the unilateral group (41.60±5.64) minutes than in the bilateral group (66.53±9.40) minutes, 
and the volume of bone cement injected was also significantly less in the unilateral group (5.27±0.73) mL than in the bilateral group 
(6.87±0.93) mL (P<0.01). The VAS score, ODI index, vertebral height and Cobb angle at postoperative follow-up were significantly 
improved in both groups compared to the preoperative period (P<0.01); However, the difference between the two groups was not 
statistically significant (P>0.05). Repeat thoracic and lumbar radiographs showed cement leakage in seven cases (8.86%) in the 
unilateral group and five cases (7.35%) in the bilateral group, but all were asymptomatic and required no further management. During 
our entire follow-up period, there were five adjacent vertebral fractures in the unilateral group (6.33%) and four in the bilateral group 
(5.88%).
Conclusion: There was no significant difference between the two groups in terms of improvement in VAS score, ODI index, 
restoration of vertebral body height, and posterior convexity deformity, but unilateral puncture had the advantage of shorter operative 
time and less cement injection.
Keywords: osteoporotic vertebral compression fracture, percutaneous vertebroplasty, unilateral arch root approach, bilateral arch root 
approach, clinical outcome

Introduction
Osteoporosis is a metabolic bone disease characterized by bone loss and changes in bone microarchitecture. The 
prevalence of postmenopausal osteoporosis ranges from 40–60% in women aged 70 years and 60–75% in women 
aged 80 years and older.1 It was found that the prevalence of OP in Chinese elderly people aged 60–69 years was 32.2%, 
41.9% in those aged 70–79 years and 51.8% in those aged ≥80 years; the prevalence of OP in Chinese elderly people was 
37.7%, and it gradually increased with age.2 Osteoporotic vertebral compression fractures (OVCFs) due to osteoporosis 
are the most common type of osteoporotic fracture,3 with fractures of the thoracolumbar segment being the most 
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common.4 OVCFs commonly occur in women over the age of 60 and can lead to debilitating pain and spinal deformities, 
as well as a significant reduction in quality and quantity of life and a significant financial burden.5 OVCFs are also 
emerging as a growing public health problem with significant socio-economic implications due to the ageing population 
and the severe morbidity associated with these fractures. According to The National Osteoporosis Foundation (USA), 
approximately 10 million people in the USA have osteoporosis and approximately 750,000 OVCFs occur each year, and 
the incidence of osteoporosis in China is not very different from that in Western countries.6,7 Although 2/3 of patients 
will gradually improve with conservative treatment,3 1/3 of fracture patients will develop chronic pain. In addition, 
vertebral compression fractures can also lead to height loss, kyphosis, reduced lung function, mobility, and balance 
impairment. Treatment of patients with OVCFs should address pain, restore vertebral height and improve kyphosis, 
which is of paramount importance.6

Traditional incisional repositioning internal fixation surgery is invasive with high intraoperative bleeding. However, 
due to osteoporosis, the grip of the pedicle screw is insufficient, which can easily cause instability of fixation and 
ultimately lead to treatment failure.1 Therefore, internal fixation is generally not recommended for elderly patients 
without symptoms of neurological compression. Rapid and effective treatment of OVCFs has therefore become clinically 
critical. After the first vertebroplasty was performed by Lapras et al8 in the 1980s, this opened up the minimally invasive 
era of the spine, developing into the first successful balloon-expandable vertebroplasty performed by Lieberman et al9 in 
2001. Since then, vertebroplasty (PVP) and PKP have become by far the more commonly used minimally invasive 
procedures, offering improved quality of life in addition to rapid and lasting pain relief.3 In addition to the obvious 
advantages of PKP, such as good safety, definitive treatment results, minimal invasiveness and rapid and effective pain 
relief, it can also promote early mobility, reduce complications such as venous thrombosis, crushing pneumonia and 
pressure sores caused by bed rest, and can correct kyphosis.10

A variety of puncture approaches exist for PKP, the most common of which is the bilateral arch root approach. 
Previous studies have found that after artificial machine compression of the spine (T3-L5) in fresh human cadavers, 
vertebral body kyphoplasty was performed using a unilateral or bilateral arch root approach. The final results showed that 
the unilateral arch root approach to vertebral kyphoplasty was comparable to the bilateral arch root approach in terms of 
strength, stiffness and height restoration with similar biomechanical results.11,12 Currently, there is still clinical con-
troversy as to whether these two surgical access methods have the same surgical outcome. This retrospective study aimed 
to analyze the clinical outcomes of 147 patients with OVCFs treated with PKP in our department between August 2020 
and January 2022, about unilateral versus bilateral punctures.

Materials and Methods
This study was conducted in compliance with the Declaration of Helsinki and approved by the Wuhan Ethics Committee 
(KY2022-081-01). As the study was retrospective in design, informed consent from patients was not required. All data 
were collected and analyzed anonymously. The flow of this study is shown in Figure 1.

Patient Population
In this retrospective study, 147 patients with single-segment OVCFs treated with PKP at the Department of Spine 
Surgery, Wuhan Fourth Hospital, Wuhan, China, between August 2020 and January 2022 were analyzed. Among them, 
116 (78.91%) were female and 31 (21.09%) were male, with a mean age of 72 years (range 61–89 years). Unilateral PKP 
in 79 cases, 61 women and 18 men, mean 70.73 years (61–87 years). There were 68 cases of bilateral PKP, 55 women 
and 13 men, with a mean of 73.2 years (64–89 years).Fracture sites: T1014, T1119, T1225, L131, L228, L319, and L411. 
There was no statistically significant difference between the two groups in terms of gender, age, and fracture site 
(P > 0.05).

Inclusion and Exclusion Criteria
Inclusion criteria: (1) patients aged ≥ 60 years; (2) confirmed diagnosis of vertebral compression fracture of < 2 weeks 
duration; (3) T < −2.5 on BMD; (4) MRI shows compression fractures of the thoracic and lumbar spine with bone 
marrow oedema (injured vertebra with low signal on T1-weighted images and high signal on T2-weighted images).
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Exclusion criteria: (1) secondary osteoporosis (corticosteroid, endocrine disorders, and inflammatory processes); (2) 
patients who cannot give informed consent or have difficulty with postoperative follow-up; (3) uncorrected coagulation 
disorders; (4) cachexia; (5) painless OVCFs; (6) secondary malignancy of the spine; (7) fracture resulting in neurological 
symptoms.

Surgical Techniques
Both groups were performed by two senior surgeons (Zhi-gang Zhao and Xin Wang) from the same treatment group in 
our department. All PKP operations were performed in the operating room with the ability to perform immediate 
decompression surgery. (1) Unilateral PKP group: The patient is placed in a prone position with 2 lateral support pads 
placed under the chest and pelvis to reduce pressure on the abdomen. The C-arm was adjusted so that there was no 
bilateral shadowing of the fractured vertebrae and the shape of the vertebral arch was symmetrical and at the same 
distance from the spinous process. The puncture needle is inserted on the side of the patient where the compression is 
more severe or where the patient’s pain is more pronounced. If there is no significant difference in pain between the two 
sides of the patient and the degree of compression is similar on both sides, the side that is easier for the surgeon to 
operate on is chosen. The puncture point is chosen to be lateral to the arch on the injured side of the vertebra (10 o’clock 
on the left and 2 o’clock on the right) and orthogonal to the superior border of the “cat’s eye sign” of the arch projection. 
The puncture needle is inserted through the puncture point at an angle of 10°-20° of decubitus. When the tip of the needle 
is located in the anterior and middle 1/3 of the vertebral body in the lateral image and close to or slightly above the 
midline of the injured vertebra in the orthodromic image, the inner core is withdrawn and the guide needle is placed. The 

Figure 1 Flow chart table for this study.
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working cannula is placed in sequence, step by step, to establish the working channel and balloon expansion system. The 
injection is stopped when the vertebral body is satisfactorily repositioned and/or the balloon is expanded to the upper and 
lower endplates of the vertebral body, and the balloon is removed. The cement is injected under fluoroscopy along the 
working channel with the front end of the cement injector located in the anterior 1/3 of the vertebral body at the start of 
the injection, with a fluoroscopic front and side view for every 0.5–0.75 mL of cement injected. If the bone cement leaks, 
adjust the anterior and posterior position of the cement injector in the vertebral body, generally backing off the cement 
injector by 1 cm and then continuing the injection. The injection is stopped when the bone cement reaches the posterior 
third of the vertebral body. After the bone cement has been adequately filled, the puncture needle is slowly withdrawn 
and the wound is sutured. (Figure 2A) (2) Bilateral PKP group: Bilateral arch puncture is performed at the same time, 
and the rest of the procedure remains the same as unilateral (Figure 2B).

Postoperative Management
Routine bed rest for 4–8h after surgery. All were taken out of bed on the second day after surgery with a lumbar back 
brace. Salmon calcitonin and vitamin D were used postoperatively to treat osteoporosis. X-ray films were routinely 
performed after surgery. And Follow-up were carried out 1 day, 1 month, and 6 months after surgery (Record the 
patient’s VAS score, ODI score and perform a spinal X-ray).

Outcome Measurements
The duration of surgery and the amount of bone cement injected were routinely recorded for both groups. Two 
questionnaires, the visual analogue scale (VAS score) and the Oswestry Disability Index (ODI) were used to assess 
pain and function at different times before and after surgery. The patients’ VAS and ODI were recorded preoperatively, 
1 day postoperatively, and 6 months postoperatively, respectively. For reasons such as the age and lifestyle of the 
patients, the options related to sexuality in the ODI score were excluded from this study. The ODI questionnaire, 
therefore, consists of a total of 9 items out of 45. ODI score is calculated as follows: Total score = (score/45) x 100%.

Patients were also routinely X-rayed preoperatively, 1d postoperatively and at each follow-up visit to record changes 
in anterior vertebral body height (AH) and changes in Cobb’s angle. All data were measured independently by two senior 
spine surgeons (Jun Hu and Yi Liu) who were not involved in the surgery, and the mean of the two surgeons’ 
measurements was ultimately included in the analysis.

Statistical Analysis
SPSS 26.0 software was used for statistical processing. The measurement data conforming to normal distribution were 
expressed as (�� s). The t-test of two independent samples was used for comparison between two groups, repeated 
measures ANOVA was used for comparison between different time points within groups, and LSD-t-test was used for 

Figure 2 Schematic diagram of two surgical punctures. (A) unilateral puncture; (B) bilateral puncture.
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multiple comparisons. Comparisons of the count data between the two groups were made using the x2 test. P < 0.05 was 
considered a statistically significant difference.

Results
All 147 patients underwent successful surgery with good postoperative outcomes and all were given clinical follow-up. 
No deaths were reported in this study, and all patients had a one-stage preoperative incision with no complications such 
as venous thrombosis, pressure sores, or crushing pneumonia. Patients in both groups were followed up for at least 6 
months (mean follow-up 6.8 months, range 6–8 months). There were no significant differences between the two groups in 
terms of age, gender, and fracture site (P>0.05), indicating that the two groups were comparable (Table 1).

Intraoperative Measurements
As shown in Table 2, the operative time in the unilateral puncture group was (41.60 ± 5.64 min) significantly lower than 
that in the bilateral group (66.53 ± 9.40 min), which was statistically significant (P<0.01); the volume of bone cement 
injected was (5.27 ± 0.73 mL) and (6.87 ± 0.93 mL) in the unilateral and bilateral puncture groups respectively, with 
significant differences between the two groups (P<0.01).

Clinical Results
As shown in Figure 3, patients’ postoperative pain and ODI indices were significantly reduced in both groups after 
surgical treatment with PKP. After unilateral puncture PKP treatment, patients’ VAS scores decreased from 7.13 ± 1.06 
preoperatively to 3.27 ± 0.80 postoperatively and to 1.27 ± 0.46 at 6 months postoperatively (P<0.01). Similarly, VAS 
scores for patients in the bilateral puncture group decreased from 7.07 ± 0.88 preoperatively to 3.67 ± 0.82 post-
operatively and eventually became 1.13 ± 0.52 at 6-month postoperative follow-up (P<0.01). No statistical difference 
was found between the two groups of patients for VAS scores at all follow-ups from preoperative to postoperative 
(P>0.05). Similar results were found in the ODI index, which decreased from 76.87 ± 4.02 preoperatively to 21.07±1.58 
at 6 months postoperatively in the unilateral puncture group (P<0.01) and from 77.47 ± 5.08 to 20.27 ± 1.87 in the 

Table 1 Characteristics of the Study Population

Unilateral Puncture Group Bilateral Puncture Group P value

No. of patients 79 68

Age 61–87 (70.73±6.61) 64–89 (73.27±6.94) 0.314
Gender 0.587

Male 18 13

Female 61 55
Fracture site

T10 6 (7.59%) 8 (11.76%)

T11 9 (11.39%) 10 (14.71%)
T12 15 (19.00%) 10 (14.71%)

L1 18 (22.78%) 13 (19.12%)

L2 12 (15.19%) 16 (23.53%)
L3 13 (16.46%) 6 (8.82%)

L4 6 (7.59%) 5 (7.35%)

Table 2 Intraoperative Comparison of Unilateral and Bilateral Punctures

Unilateral Puncture Group Bilateral Puncture Group P value

Operation time (min) 41.60±5.64 66.53±9.40 <0.01
Dosage of cement injected (mL) 5.27±0.73 6.87±0.93 <0.01
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double puncture group (P<0.01). However, the ODI indices between the two groups were not statistically significant at 
1 day postoperatively, 1 month postoperatively, and 6 months postoperatively (P>0.05) (Table 3).

Radiological Results
All patients underwent precise unilateral and bilateral PKP under intraoperative C-arm guidance. Good surgical results 
were obtained with both surgical puncture routes and the bone cement was homogeneous in each case, a typical case of 
the procedure is shown in Figure 4. In the unilateral puncture group, the height of the anterior border of the injured 
vertebrae recovered from (16.45± 2.34) mm preoperatively to (20.59±2.25) mm at 6 months postoperatively, as measured 
by imaging indices (P<0.01). Similarly, in the bilateral puncture group, there was a recovery from (16.87±1.60) mm 
preoperatively to (20.89±1.60) mm postoperatively (P<0.01). The Cobb Angle was significantly improved in both 
groups. The preoperative Cobb Angle was (23.73±2.57) ° in the unilateral group and (24.11±1.81) ° in the bilateral 
group. At the end of the final follow-up, the Cobb Angle was (12.61±1.72) ° and (12.90±1.37) °, with statistical 
significance (P<0.01). However, there was no statistically significant comparison between the two groups (P>0.05), 
Table 4.

Complications
No adverse intraoperative time such as cardiovascular or cerebrovascular occurred in any of the 147 patients. Post- 
operative X-ray showed that 12 cases of bone cement leakage occurred, including a total of 7 cases (8.86%) in the 
unilateral group and 5 cases (7.35%) in the bilateral group, none of which showed clinical symptoms. There was no 
statistically significant difference between the two groups in terms of bone cement leakage (P>0.05). In the unilateral 
group, there was leakage to the anterior border of the vertebral body in 3 cases and to the intervertebral disc in 4 cases. In 
the bilateral group, there were 2 cases of leakage to the anterior border of the vertebral body, 1 case of leakage to the 

Figure 3 Mean preoperative and postoperative VAS scores, ODI for unilateral and bilateral groups.

Table 3 Comparison of VAS Scores and ODI in Both Groups Before and After Surgery

Unilateral Puncture Group Bilateral Puncture Group P value

VAS

Preoperative 7.13±1.06 7.07±0.88 0.853

Postoperative 1 day 3.27±0.80* 3.67±0.82* 0.186
Postoperative 1 month 2.07±0.70* 2.27±0.70* 0.443

Postoperative 6 mouths 1.27±0.46* 1.13±0.52* 0.461

ODI
Preoperative 76.87±4.02 77.47±5.08 0.722

Postoperative 1 day 61.07±4.10* 63.67±3.31* 0.066

Postoperative 1 month 24.47±1.85* 23.67±4.34* 0.516
Postoperative 6 mouths 21.07±1.58* 20.27±1.87* 0.216

Note: *Represents P<0.01 compared to preoperative.
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intervertebral disc and 2 cases of leakage to the extra vertebral vein. A total of 18 cases (12.24%) experienced post- 
operative pain due to puncture, including 3 cases in the unilateral group and 15 cases in the bilateral group (P<0.05), all 
of which disappeared after 1 week of heat and ultrashort wave therapy. Throughout the follow-up period, a total of nine 
cases of adjacent vertebral fractures occurred, five in the unilateral group (6.33%) and four in the bilateral group (5.88%), 
with no statistical significance in terms of recurrent fractures in either group (P>0.05). All nine patients were readmitted 
for PKP (readmitted patients were not included in this study).

Discussion
PKP can provide rapid pain relief and restore stability to the vertebral body.13 PKP can achieve fracture repositioning 
through balloon expansion, and the injection of bone cement can reduce the sensitivity of nerve endings in the vertebral 
body, and the heat released can also cause necrosis of nociceptive nerve endings, thus achieving pain relief, etc.14 At the 
same time, the stagnant blood in the injured vertebrae can be drained through the working channel, reducing the pressure 
in the injured vertebrae and thus reducing pain.15

Figure 4 Intraoperative schematic diagram of a typical case of unilateral and bilateral. (a–d) are unilateral punctures; (e–h) are bilateral punctures.

Table 4 Comparison of Unilateral and Bilateral Puncture Radiographic Data

Unilateral Puncture Group Bilateral Puncture Group P value

AH (cm)
Preoperative 16.45±2.34 16.87±1.60 0.571

Postoperative 1 day 21.93±2.38* 22.39±1.97* 0.569

Postoperative 1 month 21.65±2.41* 21.93±2.01* 0.732
Postoperative 6 mouths 20.59±2.25* 20.89±1.60* 0.677

Cobb angle (°)

Preoperative 23.73±2.57 24.11±1.81 0.649
Postoperative 1 day 11.61±1.72* 11.96±1.57* 0.568

Postoperative 1 month 11.94±1.65* 12.25±1.61* 0.603

Postoperative 6 mouths 12.61±1.72* 12.90±1.37* 0.611

Note: *Represents P<0.01 compared to preoperative. 
Abbreviation: AH, anterior height.
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There are two types of PKP: unilateral puncture and bilateral puncture. The choice of unilateral or bilateral puncture 
is still controversial as to how to more effectively achieve clinical outcomes, restore vertebral height, improve pain, and 
correct kyphotic deformity. This study aimed to retrospectively analyze the clinical outcomes of unilateral and bilateral 
approaches performed in our department for the treatment of OVCFs and to find that unilateral puncture and bilateral 
puncture resulted in the same clinical outcomes. When John et al studied the biomechanics of human cadavers, The 
average strength (1.40±0.38 kN) and average stiffness (0.4387±0.2095 kN/mm) of the body in the bilateral approach 
group showed no statistical difference from that in the unilateral approach group (1.57±0.55 kN) and average stiffness 
(0.6880±0.3179 kN/mm) (P>0.05). At the same time, there was no significant difference in vertebral height recovery 
(P>0.05).12

The Advantages of Unilateral PKP
In this study, whether unilateral PKP was used to treat OVCFs or bilateral punctures, good clinical results were achieved 
at 1 day and 1 month postoperatively, with significant improvements in postoperative VAS scores, ODI indices, anterior 
vertebral body margin height recovery and Cobb angle compared to preoperative; However, postoperative follow-up of 
all data revealed no statistical difference between the two groups (P>0.05), indicating that unilateral The unilateral 
puncture approach could achieve the same clinical results as a bilateral puncture. However, unilateral PKP has a slight 
advantage in terms of operative time, and reducing operative time is important in older patients with more underlying 
diseases. The same study by Zhang et al also confirmed that unilateral PKP can achieve the same results bilaterally and 
that unilateral puncture has the advantage of shorter operative time and less radiation dose.16 Our study found that the 
unilateral group had essentially only 2/3 of the operative time of the bilateral group, significantly reducing the time spent 
in the prone position and the length of intraoperative pain stimulation, which may help to reduce the probability of 
intraoperative cardiovascular risk in patients.17

At the same time, the amount of bone cement injected was significantly lower in the unilateral group than in the 
bilateral group (P <0.05). However, the two groups were identical in terms of postoperative vertebral height restoration, 
pain relief and correction of the kyphosis, indicating that there was no correlation between the clinical outcome of PKP 
for OVCFs and the amount of bone cement used, which is consistent with the findings of Berlemann et al.18 This also 
suggests that better clinical outcomes can be achieved as long as the bone cement possesses better dispersion in the 
injured spine. There is some controversy regarding the amount of bone cement injected; it has been suggested that the 
more adequate the dispersion of the bone cement, the better the pain relief; however, a higher amount of bone cement 
injected is more likely to trigger the risk of adjacent vertebral fracture and the probability of bone cement leakage.19–21 

Furthermore, bone cement leakage is a common postoperative complication of PKP, which may lead to nerve compres-
sion, and stimuli such as bone cement toxicity or allergy can cause symptoms such as decreased blood pressure and 
dyspnoea.20,22 And, without compromising clinical outcomes, unilateral puncture requires only one set of puncture 
equipment, which can save patients’ hospitalization costs.23

Indications for Unilateral PKP versus Bilateral PKP
Unilateral PKP for OVCFs has the advantages of short operative time and low economic cost. Unilateral PKP is therefore 
recommended for older patients, those with more underlying disease, those who cannot tolerate prolonged prone 
positioning and those whose families are financially disadvantaged; if preoperative CT reveals a high probability of 
cement leakage on one side of the vertebral body, unilateral PKP from the other side is recommended; or if the fracture is 
asymmetrically compressed, unilateral PKP from the more severely compressed side is recommended.

Bilateral PKP is expected to be gradually replaced by unilateral PKP in the future. We believe that for the less 
experienced spine surgeon, unilateral PKP can be performed bilaterally if satisfactory cement dispersion is not achieved.

Points to Note During the Unilateral PKP Procedure
(1) Pre-operative CT measurement of the puncture angle and the design of the needle route can provide the best guidance 
for intraoperative manipulation. (2) Unilateral puncture requires a greater angle of abduction compared to bilateral 
puncture to get closer to the vertebral body midline. (3) Avoid damage to the joint capsule.
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Surgical Complications and Their Countermeasures
The main complications of PKP surgery are bone cement leakage and fracture of the adjacent vertebral body. In this 
study, there were 12 cases of bone cement leakage (unilateral group: 7 cases; bilateral group: 5 cases, P>0.05), with no 
clinical symptoms in either group. Our experience suggests that the following measures can be taken to prevent bone 
cement leakage: (1) Preoperative assessment of the site and extent of rupture of the posterior wall of the injured vertebral 
body by CT and 3D reconstruction techniques; (2) Initially, it is recommended to inject bone cement during the extraction 
phase and continue to push bone cement after the initial injection has set; (3) The bone cement injection site should not 
be close to the posterior 1/3 of the vertebral body as far as possible to avoid the intravertebral venous system; (4) 
Intraoperative C-arm close monitoring of the injected bone cement. (5) Filling with a gelatin sponge before the bone 
cement injection can seal part of the cortical bone defect of the vertebral body and reduce the leakage of bone cement.24

Previous literature has reported vertebral re-fracture rates of 2.9–27.6% after vertebroplasty.25,26 Low bone mineral 
density is often considered to be the most important risk factor for recurrent fractures. Therefore, in recent years, 
orthopaedic surgeons have placed increasing emphasis on anti-osteoporosis treatment after OVCFs.27 Bawa et al28 

conducted a clinical trial with a large sample and showed that anti-osteoporosis treatment after fracture reduced the risk 
of re-fracture by 40% compared to patients who did not receive this treatment. In this study, only nine patients in both 
groups had a re-fracture at the 6-month follow-up (unilateral group: 5; bilateral group: 4, P> 0.05). This may be related to 
our increased emphasis on postoperative anti-osteoporotic treatment and may also be related to the shorter follow-up 
period.

Limitations
There are still limitations in this study, as we only analyzed PKP treatment for single-segment OVCFs and the 
postoperative follow-up was only 6 months, with limitations such as insufficient follow-up time, insufficient sample 
size, single clinical characteristics and non-multicenter randomized controls. In the future, we will attempt to investigate 
the effect of multi-segmental OVCFs, the amount of cement injected into the adjacent vertebrae, and the statistical 
analysis in combination with multicenter randomized controls.

Conclusion
In summary, we retrospectively analyzed that unilateral and bilateral PKP for OVCFs are equally efficacious and safe. 
The 6-month follow-up also showed that unilateral puncture did not increase post-operative complications in patients. At 
the same time, unilateral PKP has the advantage of shorter operative time, less cement injection and lower financial cost 
than a bilateral puncture. In elderly patients with more underlying disease and who cannot tolerate prolonged prone 
surgery, the shorter procedure time and less painful stimulation can help to reduce intraoperative cardiovascular risk. 
Also, injecting less bone cement may reduce the risk of leakage to a certain extent. Unilateral PKP has proven to be 
clinically useful and has good economics, and these advantages will be further validated in future multi-centre clinical 
studies. In the future, unilateral PKP puncture is expected to become a mainstream procedure for the treatment of 
OVCFs.
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