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Percutaneous lordoplasty for the
treatment of severe osteoporotic
vertebral compression fractures
with kyphosis

Tengfei Song1†, Fan Sun1,2†, Shu Liu1† and Tianwen Ye1*

1Department of Orthopedics, Changzheng Hospital, Naval Medical University, Shanghai, China,
2Department of Orthopedics, The Fourth A�liated Hospital of Nangjing Medical University, Nanjing,
Jiangsu, China

Objective: The study aimed to explore the safety and e�ectiveness of
percutaneous lordoplasty (PLP) in the treatment of severe osteoporotic vertebral
compression fracture (OVCF).

Methods: Included in this prospective study were patients with single-segment
acute severe OVCF who were treated with PLP in our institution from July 2016
to October 2019. Patients’ back pain and quality of life were assessed using the
visual analog scale (VAS) and SF-36 scores. Lateral X-ray radiography of the spine
was performed to measure the vertebral height, vertebral kyphotic angle, and
segmental kyphotic angle, and to evaluate the outcome of fracture reduction and
kyphotic correction. Intra-and postoperative complications were recorded.

Results: Of the 51 included patients, 47 patients were followed up for 12 months.
The VAS score decreased from preoperative 7.33 ± 1.92 to postoperative 1.76 ±

0.85 at the 12thmonth (p< 0.05), and the SF-36 score increased frompreoperative
79.50 ± 9.22 to postoperative 136.94 ± 6.39 at the 12th month (p < 0.05). During
the 1-year follow-up period, the anterior height of the vertebral body increased
significantly frompreoperative 10.49± 1.93mm to 19.33± 1.86mm (p< 0.05); the
posterior height of the vertebral body increased insignificantly from preoperative
22.23 ± 2.36mm to 23.05 ± 1.86mm (p > 0.05); the vertebral kyphotic angle
decreased significantly from preoperative 18.33◦ ± 11.49◦ to 8.73◦ ± 1.21◦ (p <

0.05); and the segmental kyphotic angle decreased significantly from preoperative
24.48◦ ± 4.64◦ to 11.70◦ ± 1.34◦ (p < 0.05). During the 1-year follow-up period,
there was no significant di�erence in the radiologic parameters, VAS scores,
and SF-36 scores, between the 1st day and the 12th month of post-operation
(P > 0.05). No nerve damage occurred in any of the cases. Intraoperative cement
leakage occurred in six cases, and the fracture of the adjacent vertebral body
occurred in one case.

Conclusion: PLP can well reduce the risk of fracture and achieve good kyphotic
correction and may prove to be a safe, cost-e�ective and minimally invasive
alternative option for the treatment of severe OVCF with kyphotic deformity.
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Introduction

Osteoporotic vertebral compression fracture (OVCF) is the

most common complication of osteoporosis in the elderly.

Approximately 20% of women older than 50 years suffer at least

one segment of OVCF (1). Severe OVCF (compression >40%)

often leads to kyphosis, persistent low back pain, and consequently

pulmonary dysfunction, gastrointestinal dysfunction and increased

mortality (2).

Surgical treatment should be considered for patients with

severe OVCF with kyphotic deformity because conservative

treatment is usually ineffective to relieve pain in these patients.

However, the surgical management of severe OVCF with kyphosis

remains a clinical challenge. Although open reduction and internal

fixation can gain better fracture reduction and kyphotic correction,

there aremore blood loss, implant failure, and surgical site infection

than that in percutaneous vertebroplasty (PVP) or percutaneous

kyphoplasty (PKP) (3, 4). PVP and PKP are the most common

minimally invasive surgery for OVCF (5). However, either PVP

or PKP can only address a limited reduction of the fractured

vertebra body and correction of the kyphotic deformity (6). A

sufficient reduction of the fractured vertebral body and correction

of kyphotic deformity can reduce the risk of adjacent vertebral

fracture (7). The correction of kyphotic deformity also helps to

reduce the occurrence of chronic low back pain. To better restore

the vertebral body height and correct kyphosis, Hein et al. (8)

proposed a percutaneous lordoplasty (PLP) technique for the

treatment of OVCF in 2004. Some subsequent studies (9–11)

have demonstrated that PLP can reduce the risk of fracture and

correct the kyphotic angle of OVCF satisfactorily. However, the

role of PLP in the treatment of severe OVCF with kyphosis

remains undefined.

Materials and methods

Patients

This prospective non-randomized study included 51

consecutive patients with severe OVCF who received PLP in

our institution from July 2016 to October 2019. The inclusion

criteria were patients with acute grade 3 OVCF (compression

>40%) according to Genant’s classification (12) (Figures 1A, B)

who failed to respond to conservative treatment for at least 2 weeks.

The exclusion criteria were patients with fractures with neurologic

deficits, posterior ligamentous complex injury and pathological

fracture. The T scores in the bone mineral densities were <-2.5 in

all patients. The local ethics committee authorized this study. All

patients signed an informed consent form before being included in

the study.

The 51 patients included 47 women and 4 men who belonged

to the age group 62–79 years with a mean of 71.2 years. The

locations and numbers of the fractured vertebral bodies are as

follows: T10 (n = 3), T11 (n = 9), T12 (n = 13), L1 (n = 21),

and L2 (n = 5). All patients received regular anti-osteoporosis

treatments postoperatively.

Surgical procedures

All surgical procedures were performed by the same surgeon

(Dr. Ye) having a good experience in spine surgery. The principle

of the PLP technique is based on indirect fracture reduction in

combination with internal fixation and ligamentotaxis (9). The

patient was placed in a prone position in hyperextension on a

radiolucent operation table with the abdomen hung freely with a

pad supporting the sternum and the pelvis. PLP was performed

under general anesthesia or local anesthesia. The whole procedure

was performed using a C-arm fluoroscope.

PLP was performed as follows (Figure 2). After the stab

incision, six guide K-wires of 2mm in diameter were placed

into the bilateral pedicles of the fractured and adjacent vertebrae

(above and below the fractured vertebrae). The tip of the K-wires

should be in front of the posterior wall of the vertebral body.

The filling cannulas were placed over the wires. The tip of the

cannulas should be over the ventral half of the vertebral body.

After removing the guide wires, vertebroplasty of the adjacent

vertebrae above and below the fractured vertebrae was performed

using 1–2ml cement at an adapted viscosity (13). When the cement

had cured, a lordosing force was applied via the cannulas in

the adjacent vertebrae. The fracture of the vertebral body was

reduced by ligamentotaxis using the adjacent cemented vertebrae

as levers and the facet joints as fulcrums. The reduction force of

the cannulas was held with a cross blunt trocar. The fractured

vertebra body was maintained in a reduced state using a cross

trocar and then augmented by another injection of activated

cement. The lordosing force was not loosened until the cement

hardened. When the cement had hardened, the cannulas were

released and removed.

Clinical and radiographic evaluation

The visual analog scale (VAS) was used to quantify the

patient’s back pain intensity. The 36-item short-form (SF-36)

was used to evaluate the quality of life of patients. Preoperative

spinal X-ray radiography in the anterior–posterior and lateral

view, MRI, and CT scan were performed to determine the

level and severity of the fracture. Operation time, intraoperative

blood loss, and the volume of bone cement were recorded. Each

patient underwent standardized examinations on the day before

surgery and the 1st day and the 12th month after surgery. The

radiograms were obtained and analyzed to quantify the height

of the vertebral body, vertebral kyphotic angle, and segmental

kyphotic angle. The height of the vertebral body at the fractured

and adjacent levels was measured in both the anterior and

posterior portions. The vertebral kyphotic angle was ascertained by

measuring the angle between the superior and inferior endplates

of the fractured vertebral body on the lateral X-ray images.

The segmental kyphotic angle was measured at the cephalad

and caudal endplates of the vertebra as well as above and

below the fractural level (Figure 1C). The extravasation of cement

and adjacent vertebral fracture were also assessed on the plain

X-ray films.
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FIGURE 1

(A) A case of acute grade 3 OVCF (compression>40%). (B) Genant’s classification grade 3 and severe deformity > 40% reduction of any vertebral
height. (C) Segmental kyphotic angle.

FIGURE 2

Key procedures of percutaneous lordcoplasty. (A) Preoperative lateral X-ray. (B) Preoperative sagittal MRI. (C) Reinforce adjacent vertebral bodies
with cement. (D) Relevant reduction of the fractured vertebra is performed by a lordosing force. The reduction force of the cannulas is held with a
cross blunt trocar. (E) Fractured vertebra body is augmented with cement. (F–H) Fluoroscopy image and appearance after the cannulas are removed.

Statistical analysis

Preoperative and postoperative VAS and SF-36 scores

and radiological changes were compared using the Wilcoxon

signed-rank test. All data are presented as the mean ±

standard deviation (SD). A computerized statistical analysis

was performed using SPSS software (version 20.0; SPSS Inc.,

Chicago, IL). The level of significance was set at a p-value of

< 0.05.

Results

Four patients were lost to follow-up, and the remaining forty-

seven patients were followed up for a year. The mean surgical time

was 87 ± 26min. The material price of PLP was about $1,700

for every patient. Cement leakage outside the vertebral body was

found in six patients. No cement leakage into the spinal canal

or pulmonary cement embolism was observed in any patient.

There was no intraoperative nerve damage. Anti-osteoporosis
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TABLE 1 VAS and SF-36 scores before and after percutaneous lordoplasty.

Pre-
operation

1st day
post-

operation

12th
month
post-

operation

VAS 7.33± 1.92 2.11± 1.33# 1.76± 0.85∗※

SF-36 79.50± 9.22 141.50± 8.01# 136.94±

6.39∗※

#P < 0. 05, ∗P < 0.05;※P > 0.05.
#Post-operation 1st day comparison with pre-operation.
∗Post-operation 12th month comparison with pre-operation.
※Post-operation 12th month comparison with 1st day.

medications were applied for at least 1 year in all patients.

During the 1-year follow-up period, an adjacent vertebral fracture

was observed in one patient, which was managed with non-

surgical measures.

The VAS and SF-36 scores were obtained before the operation

and on the 1st day and 12th months of post-operation for all

patients (Table 1). The VAS score of back pain decreased from

preoperative 7.33 ± 1.92 to 2.11 ± 1.33 on the 1st day of post-

operation and 1.76 ± 0.85 on the 12th month of post-operation.

The SF-36 score increased from preoperative 79.50± 9.22 to 141.50

± 8.01 on the 1st day of post-operation and 136.94 ± 6.39 on the

12th month of post-operation. Compared with the preoperative

values, both VAS and SF-36 scores improved significantly on the 1st

day of post-operation and the 12th month of post-operation (both

P < 0.05), but there was no significant difference in VAS and SF-36

scores between the 1st day and the 12th month of post-operation (P

> 0.05).

The preoperative anterior vertebral height, posterior vertebral

height, vertebral kyphotic angle, and segmental kyphotic angle were

10.49 ± 1.93mm, 22.23 ± 2.36mm, 18.33◦ ± 11.49◦, and 24.48◦

± 4.64◦; 19.78 ± 2.65mm, 23.26 ± 2.25mm, 8.11◦ ± 1.77◦, and

11.62◦ ± 2.17◦ on the 1st day of post-operation; and 19.33 ±

1.86mm, 23.05 ± 1.86mm, 8.73◦ ± 1.21◦, and 11.70◦ ± 1.34◦ at

the 12th-month post-operation, respectively (Table 2). The anterior

height of OVCF level increased both on the 1st day and 12th

month of post-operation as compared with the preoperative values

(P < 0.05). However, the posterior height of the OVCF level did

not increase significantly as compared with the preoperative value

(P > 0.05). On the 1st day and 12th month of post-operation,

the vertebral kyphotic angle and segmental kyphotic angle were

decreased as compared with those before the operation (P < 0.05).

During the 1-year follow-up period, no significant difference in the

radiologic parameters was observed between the 1st day and 12th

month of post-operation (P > 0.05).

Discussion

OVCF is the most common type of osteoporotic fracture.

OVCF is classified into three types using Genant’s semiquantitative

method (12). Grade 3 is a severe form of OVCF causing more

than 40% reduction in the anterior, mid, or posterior aspect

relative to the same or adjacent vertebra on the lateral X-ray

view. Severe OVCF is usually accompanied by kyphotic deformity.

TABLE 2 Lateral view of X-ray radiography before and after percutaneous

lordoplasty.

Pre-
operation

1st day
post-
operation

12th month
post-
operation

Anterior height

(mm)

10.49± 1.93 19.78± 2.65# 19.33± 1.86∗※

Posterior height

(mm)

22.23± 2.36 23.26± 2.25 23.05± 1.86∗※

Vertebral kyphotic

angle (◦)

18.33± 11.49 8.11± 1.77# 8.73± 1.21∗※

Segmental kyphotic

angle (◦)

24.48± 4.64 11.62± 2.17# 11.70± 1.34∗※

#P < 0. 05, ∗P < 0. 05,※P > 0. 05.
#Post-operation 1st day comparison with pre-operation.
∗Post-operation 12th month comparison with pre-operation.
※Post-operation 12th month comparison with 1st day.

Addressing the kyphotic deformity, restoring the vertebral height,

and correcting the kyphosis will help realign the spine. Kyphotic

correction reduces the risk of adjacent vertebral fracture and

chronic low back pain (7). Through spinal hyperextension in

the prone position, PVP can address a limited reduction of the

fractured vertebra body and correction of the kyphotic deformity.

However, the poor correction of kyphosis or limited restoration of

the vertebral body may lead to overloaded stress on the anterior

column of the vertebral body and increase the risk of adjacent

vertebral fracture after PVP (14). Theoretically, PKP can correct

the kyphotic angle and restore the vertebral body height with the

aid of the balloon (15), but the restoration of the kyphotic angle

is limited to 6–9◦ due to a loss of reduction after deflating the

kyphoplastic balloon and before injecting the cement during the

PKP procedure (16).

In 2004, Hein et al. (8) first reported PLP for the treatment

of OVCF with kyphosis. In their report, 30 OVCFs were treated

by PLP, and the kyphotic angle was corrected on average by 14◦

or 68%. Therefore, PLP is suggested as an alternative option for

restoring lordosis in OVCF cases. There are also some studies

reporting that PLP could correct the vertebral kyphotic angle

from 13◦ to 15.2◦ and segmental kyphotic angle from 10.0◦ to

11◦ (7, 8). In 2010, Kim et al. (11) conducted a retrospective

comparative study of the clinical and radiographic outcomes of

PLP and PKP for the treatment of OVCF. Their results showed

that the anterior height of the vertebral body increased by 24.2%

and 17.5%, the wedge angle of the vertebral body was corrected

by 8.0◦and 5.8◦, and the kyphotic angle was corrected by 11.4◦

and 7.0◦, respectively 3 months after the operation. Their study

showed that PLP could effectively restore the anatomy of the

fractured vertebral body and lower the rate of re-collapse after the

procedures. In a 2-year retrospective study, PLP appeared effective

in relieving pain and restoring kyphotic deformity in OVCF (10).

The mean correction of the vertebral kyphotic angle was 13◦, and

the segmental kyphotic angle was 11◦ during at least a 24-month

follow-up period. Jeon et al. (17) presented three cases of OVCF

with kyphotic deformity treated by PLP. The wedge and kyphotic

angles of the fractured vertebrae were significantly restored. Our

prospective study demonstrated a remarkable vertebral reduction

and kyphotic correction of PLP comparable to the previous studies.
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New compression fractures in the adjacent vertebral bodies

were found frequently after PVP and PKP, and the incidence ranged

from 6.2 to 51.9% after PVP (14, 15, 18) and from 9.9 to 25%

after PKP (19–21). Sagittal imbalance and degree of vertebral height

restoration are two main risk factors of new adjacent vertebral

fracture after percutaneous vertebral augmentation (14, 18). The

restoration of the normal spinal sagittal alignment in the elderly

with OVCF and kyphotic deformity has potential benefits.

Restoring the initial vertebral body height will decrease the risk of

adjacent vertebral fractures (7). Recently, Li et al. (22) had reported

that aggravation of regional BMD differences induces a higher risk

of adjacent vertebral fracture (AVF) after PVP surgery due to the

deterioration of the local biomechanical environment. However,

PLP technology reduces regional BMDdifferences by strengthening

adjacent vertebral bodies, which may decrease AVF risks. We only

found one case of new adjacent segment vertebral fracture for the

good restoration of spinal sagittal alignment and vertebral height

after PLP.

Cement leakage is themajor concern during PLP. In PLP,multi-

level vertebral bodies need to be reinforced, including the fractured

vertebra and the adjacent vertebra. Theoretically, the increased

number of vertebrae augmented by cement will increase the risk

of cement leakage (23). However, no higher incidence of cement

leakage was observed in both our and other studies (9–11). Kim

et al. (11) reported no significant difference in cement leakage

between PLP and PKP. Hoppe et al. (10) reported a 10% rate of

cement leakage into the segmental vein or paraspinous tissue but

no leakage into the spinal canal or pulmonary cement embolism in

69 cases of PLP. Orler et al. (9) observed individual cases of minor

leakage during the LP procedure without leading to any significant

postoperative clinical signs. In this study, the rate of cement leakage

was 7.8%, and no leakage into the spinal canal or pulmonary cement

embolism was observed, indicating that PLP is a safe augmentation

technique according to the present studies.

The cost associated with each technique is an important factor

to be considered before surgery. The excessive cost of PKP depends

on the price of the implant balloon. PLP is more cost-effective

compared with PKP (9–11, 17, 24). In Sweden, the material price

of PKP is six times that of PLP (3,600 vs. 600 Euros) (24). In

South Korea, the cost of treatment for PKP is $3,644 vs. $1,525

for PLP (11). The price of the material for PLP is approximately

one-third of that of PKP (9). In our hospital, the material price

of PKP and PLP is about $3,800 and $1,700, respectively. PLP is

a lower-cost minimally invasive surgery and is more easily accepted

by low-income patients with OVCF. Therefore, PLPmay be applied

excessively in developing countries in future.

Both the clinical and radiographic outcomes of PLP in the

treatment of severe OVCF are satisfactory. Nevertheless, there

are several limitations in the present study. First, the number of

cases treated with the LP technique is relatively small, which may

decrease the generalizability of the results presented here. Second,

the follow-up period is not long enough. we only conducted a 1-

year follow-up data analysis of the radiographic measures, which

may bring a statistical bias in the evaluation of the correction of

kyphotic deformity after the PLP procedure. Third, no analysis

of osteoporosis drugs was conducted in this study. The types of

drugs are not clear for each patient, which may cause limitations

in the analyses. In fact, we have noted that no significant difference

in the radiologic parameters was observed between the 1st day

and the 12th month of post-operation in the 1-year follow-up.

However, the radiologic parameters tend to get worse after 1

year. Insufficient anti-osteoporosis treatment in some patients may

be one of the reasons. Finally, this study is a prospective case

study without a control group, which is considered a level IV of

evidence. Therefore, it is prudent to make a conclusion that PLP

possesses more advantages such as vertebral height restoration and

kyphotic correction than PVP and PKP. Larger cohort prospective

randomized controlled studies with longer follow-up periods are

required to verify the results and conclusion of this technique

reported in our study.

In conclusion, PLP is a safe, cost-effective, and minimally

invasive alternative option to relieve pain, restore vertebral

body height, and correct kyphotic deformity in patients with

severe OVCF.
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