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Efficacy of percutaneous cement
discoplasty combined with PVP
for the treatment of stage III
Kümmell disease with an adjacent
disc vacuum sign
Liehua Liu, Pei Li, Lei Luo, Chen Zhao, Huilin Zhang, Deqiang Liu
and Qiang Zhou*

Bone and Trauma Center, Third Affiliated Hospital of Chongqing Medical University, Chongqing, China
Objective: To observe the efficacy of percutaneous cement discoplasty (PCD)
combined with PVP for the treatment of stage III Kümmell disease (KD).
Methods: A total of 33 patients with stage III KD who underwent surgical
treatment were divided into the PCD+ PVP (PP) group (n= 20) and the
internal fixation and fusion (IFF) group (n= 13). The observation indices
included demographic characteristics, perioperative information, and clinical
and imaging indicators, including the visual analog score (VAS), Oswestry
disability index (ODI), Cobb angle, and height ratio of the injured vertebra and
its adjacent intervertebral disc (Hv+d, RHv+d).
Results: The operation time, blood loss, duration of bedrest, length of stay and
cost of hospitalization were significantly lower in the PP group than in the IFF
group (P < 0.001). There were no significant differences in the VAS score or
ODI between the two groups before the operation, after the operation or at
the last follow-up (P > 0.05). The RHv + d in the IFF group was significantly
higher than that in the PP group after surgery and at the last follow-up
(P < 0.05). The Cobb angle in the IFF group was significantly smaller after the
operation than before the operation (P= 0.007). The incidence of
complications in the PP group was lower than that in the IFF group (P= 0.018).
Conclusions: PCD combined with PVP for the treatment of stage III KD with an
adjacent disc vacuum sign is effective and may be the next best thing to IFF,
especially for elderly patients with complex underlying diseases and great
surgical risks.

KEYWORDS

percutaneous cement discoplasty, Kümmell disease, percutaneous vertebroplasty,
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Introduction

Kümmell’s disease (KD) is a specific type of osteoporotic vertebral compression

fracture (OVCF) (1, 2). KD, also known as posttraumatic vertebral osteonecrosis, is

caused by posttraumatic vertebral ischemia and vascular necrosis, resulting in vertebral

nonunion, vertebral vacuum, or vertebral pseudoarticulation (3). The main clinical

features of KD are intractable low back pain and kyphosis, and some patients have

neurological symptoms (4). Delayed vertebral collapse and characteristic intramural

vacuum can be found on imaging (5).
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Conservative treatment of KD has a poor effect, and most

doctors advocate surgical treatment (6, 7). Stage III KD is often

characterized by an incomplete posterior wall of the vertebral

body and may be associated with spinal stenosis, kyphosis or

even nerve injury (8). Most scholars recommend internal fixation

and fusion surgery (9, 10). For elderly patients with complex

underlying diseases and poor tolerance, the risk of internal

fixation and anesthesia is high (11). In 2015, Vargar et al. (12)

introduced a minimally invasive surgery called percutaneous

cement discoplasty (PCD), which involves the injection of bone

cement into the degenerated intervertebral disc to achieve

intervertebral stabilization and indirect nerve decompression.

Recent meta-analyses and biomechanical research have confirmed

that PCD is an alternative surgery for treating degenerative

lumbar diseases in elderly patients who cannot undergo open

surgery (13, 14).

The authors performed PCD and percutaneous vertebroplasty

(PVP) in elderly patients with stage III KD without neurological

symptoms and reported good short-term efficacy.
Materials and methods

A total of 33 patients with stage III KD who underwent surgical

treatment between January 2019 and September 2023 were

retrospectively studied. The patients were divided into the

PCD + PVP (PP) group (n = 20) and the internal fixation and

fusion (IFF) group (n = 13). This study was approved by the

Ethics Committee of the XX Medical University (2025–15). Each

participant provided written consent before starting the operation.

The inclusion criteria were as follows: (1) aged above 60 years;

(2) recurrent chronic low back pain for ≥3 weeks; (3) MRI showing

low vertebral signal intensity in T1 images and high signal intensity

in fat inhibition images and KD diagnosis; (4) vacuum

phenomenon in the adjacent intervertebral disc on CT; (5)

vertebral instability, kyphotic deformity, posterior wall fracture of
FIGURE 1

The puncture method in PP group. (a) The working channel of the injure
intervertebral space was punctured through the pedicle on the right sid
vertebral body was diffused through the endplate and was connected to th
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the vertebral body and spinal canal occupation, or upper or

lower endplate fracture; and (6) more than 6 months of follow-up.

The exclusion criteria were as follows: (1) pathological vertebral

fractures due to vertebral tumors, spinal tuberculosis, or spinal

infections; (2) neurological symptoms from nerve root or spinal

cord compression; (3) MRI showing that the bone fragment had

compressed the spinal cord and caused local depression; (4)

previous history of spinal fusion; and (5) history of abnormal

bleeding and coagulation dysfunction.

After the patient was admitted, the stage III KD and its

treatment methods (conservative or surgical) were described in

detail. In terms of the choice of surgical method, the patient was

informed that internal fixation and fusion were recommended

first, and PCD combined with PVP surgery was the secondary

surgical option. Patients were informed of the advantages and

disadvantages of the two surgical methods in detail. In particular,

PCD combined with PVP, which may be a temporary treatment

that provides limited spinal stability, may be followed by

secondary exacerbation of kyphosis, spinal canal occupation and

compression of the spinal cord or nerves and may require

further spinal canal decompression or deformity correction

surgery. The chief surgeons in the study were the same people,

and the surgical assistants were all members of the team.
Surgical methods

Group PP. Patients were positioned prone, with a pillow under

the chest and iliac ridge. The spinous process of the injured

vertebra was centered via x-ray fluoroscopy, and the resulting

pedicle projection was symmetric. Generally, local anesthesia was

selected. The working channel of the injured vertebra was

punctured through the pedicle on one side, and the intervertebral

space was punctured through the pedicle on the other side to

pierce the endplate (Figure 1), or over the transverse process,

outside the superior articular process, close to the outer part of
d vertebra was punctured through the pedicle on the left side; (b) the
e to pierce the endplate. In operative x-ray, the bone cement in the
e bone cement in the intervertebral disc.
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the pedicle and through the Kabin triangle. Bone cement was

injected under strict fluoroscopy. If the injection pressure was too

high or the cement was tended to diffuse into the spinal canal,

bone cement injection should be stopped. Preoperative CT

revealed a vacuum in the vertebral space connected to the

fractured endplate in some patients. The direction and angle of

the working channel used for puncture into the vertebral body

were adjusted during the operation, and bone cement was

injected into the vacuum of the vertebral space through the

broken endplate.

Group IFF. Under general anesthesia, the patient was positioned

prone, with the chest and iliac ridge raised, and a posterior median

incision was made to expose the bilateral laminae and the entry

point of the pedicle screw. Pedicle screws were inserted into the

injured vertebra as far as possible, and long segment fixation or

short segment fixation was selected. Long segment fixation refers

to the placement of pedicle screws in at least two normal vertebrae

above or below the injured vertebra, and short segment fixation

refers to the placement of pedicle screws in at least one normal

vertebra above or below the injured vertebra. A titanium rode with

an appropriate curvature is used to restore the height of the

injured vertebra and correct the kyphotic deformity. The

posterolateral laminae and facet joints were roughened and fused

with allogeneic bone. Symptomatic treatment as well as measures

to prevent postoperative infection were initiated. A thoracolumbar

brace was worn for three months. The internal fixation did not

need to be removed after surgery.

Postoperative anti-osteoporosis therapy should be emphasized,

and bisphosphonates plus calcium and active vitamin D are the

first choice. Bisphosphonates were administered after teriparatide

to some with financial means. Patients were followed up at 1, 3,

6, and 12 months after surgery and then once a year. When the

follow-up time was up, the nurse would call the patient back to

the hospital. In the outpatient department, the attending doctor

was the chief surgeon. He inquired about the patient’s symptoms,

performed VAS and ODI scores, ordered relevant imaging

examinations, and measured the Cobb angle, the heights of

vertebral body and disc, observed whether internal fixation failed

or screws loosen, etc.
Observation index

The demographic data, including patient age, sex, bone mineral

density (T score), and follow-up time, were collected. Perioperative

information: operation time, blood loss, amount of bone cement,

time to ambulate from bed, length of hospital stay and cost

of hospitalization.

Clinical and imaging indicators. The visual analog scale (VAS)

score, Oswestry disability index (ODI), Cobb angle, and ratio of the

height of the injured vertebra to that of the adjacent intervertebral

disc (Hv+d, RHv+d) were recorded before surgery, after surgery (PP

group: 1–2 days after surgery; IFF group: 1 month after surgery),

and at the last follow-up.

RHv+d = (anterior vertebral height + anterior height of

intervertebral disc)/(posterior vertebral height + posterior height
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of intervertebral disc). In the PP group, the extension of the

intervertebral space may be due to either the inclusion of the

upper or lower intervertebral space or the two adjacent

intervertebral spaces (PCDup + PVP, PVP + PCDdown,

PCDup + PVP + PCDdown). In the IFF group, if the injured

vertebra was implanted with pedicle screws, the Hv+d refers to

the height of the injured vertebra plus the upper intervertebral

space; if the injured vertebra was not implanted with pedicle

screws, the Hv+d refers to the height of the injured vertebra plus

the upper and lower intervertebral space. The Cobb angle was

formed by the upper endplate of the upper normal vertebra and

the lower endplate of the lower vertebra.

Intraoperative and postoperative complications included bone

cement leakage, bone cement allergy, massive bleeding of more

than 800 ml, lung infection, deep vein thrombosis of the lower

extremity, incision infection, internal fixation loosening, proximal

junctional failure (PJF), etc.
Statistical analysis

SPSS 23.0 statistical software (SPSS, Inc., Chicago, IL, USA)

was used for analysis. Quantitative data are expressed as the

mean ± standard deviation. An independent two-sample t-test

was used to identify significant differences between the two

groups. Counting data were tested by using the the chi-square

test. A P value < 0.05 was considered to indicate

statistical significance.
Results

1. The demographic data and perioperative information of the

patients in the two groups are shown in Table 1.

There were no significant differences in sex, age, bone mineral

density or follow-up time between the two groups. Two patients in

the PP group underwent general anesthesia induction, while all

patients in the IFF group underwent general anesthesia

induction. Fifteen PCD plus PVP (PCDup + PVP) procedures

were performed in the upper disc, 4 PCD plus PVP procedures

were performed in the upper and lower discs

(PCDup + PVP + PCDdown), and 1 PCD plus PVP procedure was

performed in the lower disc (PVP + PCDdown). In the IFF group,

9 patients underwent long segment fixation, and 4 patients

underwent short segment fixation. The operation time, blood

loss, duration of bedrest, length of stay and cost of

hospitalization in the PP group were significantly lower than

those in the IFF group (P≤ 0.001).

2. Clinical and imaging indicators in the two groups are shown

in Table 2.

There were no significant differences in the VAS score or ODI

between the two groups before the operation, after the operation or

at the last follow-up (P > 0.05). The postoperative VAS and ODI

scores of the two groups were significantly better than those
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TABLE 1 The demographic database, perioperative information in the two groups.

n (Group PP) = 20 n (Group IFF) = 13 t/2 P
Sex (male: femal) 4:16 3:10 0.045t 0.833

Age (years) 71.10 ± 6.79 65.46 ± 8.99 2.0512 0.051

Bone mineral density −2.93 ± 0.96 −2.40 ± 1.18 −1.403t 0.171

General anesthesia: local anesthesia 2:18 13:0 25.7402 0.000

Operation time (min) 40.00 ± 14.14 126.15 ± 47.18 −6.400t 0.000

Blood loss (ml) 2.90 ± 0.97 226.92 ± 192.15 −4.204t 0.001

Amount of bone cement (vertebra) (ml) 2.30 ± 0.50

Amount of bone cement (disc) (ml) 1.63 ± 0.52

PCDup + PVP 15

PVP + PCDdown 1

PCDup + PVP + PCDdown 4

Long segment fixation: short segment fixation 9:4

Time to ambulate from bed (day) 1.90 ± 0.55 5.23 ± 1.30 −8.734t 0.000

Length of hospital stay (day) 18.46 ± 6.53 5.20 ± 2.28 −8.389t 0.000

Cost of hospitalization (RMB) 18294.21 ± 7178.05 71550.31 ± 18797.10 −9.763t 0.000

Follow-up time (mon) 20.10 ± 12.79 23.30 ± 10.44 −0.754t 0.456

t: independent sample t-test statistic; 2: chi-square test statistic. The independent sample t-tests are all two-tailed tests.

PCDup + PVP, percutaneous cement discoplasty in the upper disc combined with percutaneous vertebroplasty; PVP + PCDdown, percutaneous cement discoplasty in the down disc combined
with percutaneous vertebroplasty; PCDup + PVP + PCDdown, percutaneous cement discoplasty in the upper and down discs combined with percutaneous vertebroplasty.

TABLE 2 Clinical and imaging indicators in the two groups.

n (Group
PP) = 20

n (Group
IFF) = 13

t P

VAS
pre-operation 6.10 ± 1.17 6.15 ± 1.21 −0.128 0.899

postoperation 2.45 ± 0.94 2.77 ± 0.83 −0.993 0.329

final follow-up 2.05 ± 0.60 1.69 ± 0.85 1.410 0.169

P1 0.000 0.000

P2 0.120 0.003

ODI
pre-operation 64.80 ± 10.93 63.38 ± 11.08 0.361 0.720

postoperation 25.95 ± 8.74 29.69 ± 8.40 −1.220 0.232

final follow-up 14.90 ± 4.06 15.69 ± 6.30 −0.440 0.663

P1 0.000 0.000

P2 0.000 0.000

RHv + d

pre-operation 59.55 ± 18.56 61.92 ± 15.66 −0.381 0.706

postoperation 73.85 ± 18.04 87.11 ± 9.93 −2.415 0.022

final follow-up 67.50 ± 15.87 82.92 ± 9.05 −3.173 0.003

Loss at final follow-up 6.39 ± 4.80 4.09 ± 4.71 1.350 0.187

P1 0.018 0.000

P2 0.000 0.282

Cobb
pre-operation (X) 22.04 ± 15.76 26.99 ± 15.84 −0.879 0.386

pre-operation (CT) 15.23 ± 12.91 20.65 ± 12.03 0.210 0.235

postoperation (X) 15.89 ± 14.46 12.05 ± 9.23 0.848 0.403

final follow-up (X) 18.36 ± 14.62 14.25 ± 10.38 0.878 0.387

Loss at final follow-up 2.48 ± 1.51 2.20 ± 1.29 0.540 0.593

P1 0.206 0.007

P2 0.593 0.573

P1, pre-operation vs. post-operation; P2, final follow-up vs. post-operation.

TABLE 3 Intraoperative and postoperative complications in the
two groups.

Complication n (Group
PP) = 20

n (Group
IFF) = 13

X2 P

Bone cement leakage 1

Lung infection 2

Incision infection 1

Deep vein thrombosis of lower
extremity

1 5.607 0.018

Adjacent vertebral fracture 1

Internal fixation loosening 1

Proximal junctional failure 1

Liu et al. 10.3389/fsurg.2025.1538964
before the operation (P = 0.000). The preoperative RHv+d was

similar between the two groups, but the RHv+d after surgery and

at the last follow-up was significantly greater in the IFF group

than in the PP group (P < 0.05). There was no significant

difference in RHv+d loss between the two groups.
Frontiers in Surgery 04
There were no significant differences in the Cobb angle before,

after, or at the last follow-up between the two groups. The

postoperative Cobb angle in the PP group was smaller than that

before the operation, but the difference was not significant

(P = 0.206). However, the Cobb angle in the IFF group was

significantly smaller after the operation than before the operation

(P = 0.007). The Cobb angle on preoperative CT was smaller than

that on preoperative x-ray in both groups, but there was no

significant difference (P > 0.05). In the PP group, the

postoperative Cobb angle on x-ray was similar to the

preoperative Cobb angle on CT, which was approximately 15°.

3. The incidence of complications in the PP group was

significantly lower than that in the IFF group (P = 0.018)

(Table 3). In the PP group, there was 1 case of bone cement

leakage and 1 case of adjacent vertebral fracture. In the IFF

group, there were 2 cases of pulmonary infection, 1 case of

incision infection, 1 case of deep vein thrombosis, 1 case of

internal fixation loosening, and 1 case of proximal junctional

failure. None of the patients required revision surgery during

the follow-up period.

Typical case (Figure 2).
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FIGURE 2

Typical case, a 79-year-old female presented with low back pain for half a year. She had been hospitalized in many hospitals and was afraid of open
surgery. Diagnosis: T12 KD, secondary thoracolumbar kyphosis, severe osteoporosis. Surgical methods: T12 PVP + T11/T12 PCD + T12/L1 PCD. VAS
was 6, 3, and 1 before surgery, after surgery, and 12 months after surgery, respectively. ODI was 63, 31, and 16 before surgery, after surgery, and
12 months after surgery, respectively. Cobb angle was 41.85°, 39.32°, and 40.23° before surgery, after surgery, and 12 months after surgery,
respectively. RHv + d was 0.46, 0.51, and 0.50 before surgery, after surgery, and 12 months after surgery, respectively. (a,b) Preoperative
anteroposterior and lateral x-rays, T12 severe compression fracture with kyphosis; (c) preoperative CT, disc vacuum sign in T11/T12 and T12/L1
intervertebral disc; (d,e) postoperative anteroposterior and lateral x-rays, the bone cement in vertebral body (T12) was connected to the bone
cement in adjacent T11/T12 and T12/L1 intervertebral discs; (f) 1 month after surgery, adjacent vertebral fracture (L1); (g,h) L1 PVP; (i–o) 12 months
after surgery. It was not observed that the bone cement injured the endplate, such as the inferior endplate of T11 and the superior endplate of L1.
There was no evidence of bone cement displacement. (i,j) Anteroposterior and lateral x-rays; (k,l) lumbar hyperextension and hyperflexion x-rays;
(m,n) CT showed no cement displacement or endplate rupture; (o) MRI showed no direct compression of the spinal cord.

Liu et al. 10.3389/fsurg.2025.1538964
Discussion

Some patients with KD have endplate-intervertebral disc

complex injury, which are characterized by the worsening of

adjacent intervertebral disc degeneration, increased local

kyphosis, decreased intervertebral space height and vacuum signs

in the intervertebral disc (15). Currently, there is some

controversy regarding the treatment of KD. Conservative

treatment is minimally effective for pain relief. After PVP, the

vertebral body is strengthened, and low back pain is alleviated;

however, intervertebral instability still occurs, intervertebral disc
Frontiers in Surgery 05
degeneration cannot be prevented, and local kyphosis aggravation

cannot be stopped (16). Although traditional osteotomy and

pedicle screw fixation and fusion surgery for the correction of

kyphosis and segmental instability are considered classic

surgeries, they are too risky for elderly individuals (17). After

preoperative communication, some patients do not agree to

undergo open surgery. Whether augmentation of the vertebral

body and adjacent intervertebral space can be used as a

temporary treatment for some stage III KD or as a bridging

therapy before open surgery was the original intention of

the authors.
frontiersin.org

https://doi.org/10.3389/fsurg.2025.1538964
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Liu et al. 10.3389/fsurg.2025.1538964
The bone cement in the intervertebral space may have some

effect on the intervertebral disc. Zhao et al. (18) showed that

acute trauma to the intervertebral disc and leakage of cement

into the intervertebral disc are both considered to accelerate

intervertebral disc degeneration, resulting in a decrease in the

height of the intervertebral space and an increase in the local

kyphotic angle. Jamjoom et al. (19) suggested that moderate and

high disc cement leakage were associated with a higher disc

degeneration score (P = 0.04295), but no difference was found

between the MRI disc degeneration grade and the incidence of

adjacent vertebral fractures. Rose et al. (20) analyzed bone

cement leakage during PVP and percutaneous kyphoplasty

(PKP). The leakage rates of PVP and PKP were 39.3% (213/532)

and 28.9% (143/493), respectively, but no clinical significance

was found. Riesner et al. (21) reported that both balloon

kyphoplasty and radiofrequency kyphoplasty were associated with

high rates of bone cement leakage but were rarely associated with

clinically significant complications. In the PP group, there were

vacuum signs in the intervertebral disc, and the height of the

intervertebral space decreased significantly. The maintenance of

intervertebral height after bone cement injection may reduce the

compressive stress of the intervertebral disc.

PCD is an emerging technique that was first used by Varga

et al. (12) This technique has been used in elderly individuals to

treat low back pain associated with degenerative lumbar scoliosis

(22, 23), axial pain caused by severe lumbar disc degeneration

(24), lumbar instability (25), lumbar disc herniation (26), etc.

Biomechanical research confirmed the effectiveness of PCD in

restoring axial stiffness of spinal segments (27). Compression

tests have shown that PCD can be used as an alternative to

fusion surgery in patients with painful disc degeneration with

vacuum signs. Li et al. (28) suggested that bone cement and

endplate fusion may have more biomechanical advantages,

including reduced incidences of implant subsidence and

displacement and increased spinal stability. Since PCD can be

used to treat lumbar disc degeneration, it could also be used for

treating stage III KD patients with adjacent disc degeneration.

The present study revealed that although anterior column

height recovery and kyphotic correction were not as good as

those in the IFF group, the ODI and VAS score in the PP group

were similar to those at approximately 2 years of follow-up.

Kyphosis does not necessarily correlate with quality of life (29).

The length of stay, medical cost and duration of bedrest in the

PP group were significantly greater than those in the IFF group.

Notably, the incidence of complications in the IFF group was

significantly higher than that in the PP group, especially for one

patients with loosening of the internal fixator and for one

patients with PJF. The patient with PJF did not undergo

reoperation and was treated conservatively instead. In the PP

group, the extent of surgical trauma was minimally invasive,

equal to or even slightly better than that in the IFF group.

Preoperative x-ray images were taken while the patients were in

the standing position, and preoperative CT images were taken in

the supine position. Therefore, the Cobb angle on preoperative

CT was approximately 6–7° smaller than that on x-ray, which

reflects the degree of intervertebral instability before surgery.
Frontiers in Surgery 06
For stage III KD patients with adjacent disc degeneration, there

are several precautions for PCD surgery. First, in the prone

position, the anterior height of the intervertebral space increases,

and the injection of bone cement into the intervertebral space

helps to restore the height of the anterior column of the spine

and correct kyphosis. The spinous process of the injured vertebra

can be properly pressed before and during the injection of bone

cement to facilitate the distribution of bone cement. Second, the

intervertebral cement and the vertebral cement are connected as

much as possible to enhance the anchoring effect of the bone

cement. Bone cement can be injected simultaneously through

two channels punctured separately in the vertebral body and

intervertebral space, or the vertebral channel can be retreated

until the endplate ruptures to complete intervertebral space bone

cement perfusion. Third, the indications for PCD is the presence

of the vacuum phenomenon in the vertebral space on

preoperative CT, which is evidence that the intervertebral disc is

degenerated and is the site for bone cement distribution. There is

enough room for bone cement during surgery. Fourth, the

injection pressure of bone cement in the vertebral space may be

high, which need to be injected under x-ray fluoroscopic

monitoring. It is very important to prevent bone cement from

leaking into the spinal canal at all times.

It can be seen from the above that both treatments could

achieve better treatment for for stage III KD with an adjacent

disc vacuum sign. At present, IFF surgery was widely recognized

(9, 10). However, for some elderly patients who cannot undergo

IFF surgery due to complex underlying diseases and great

surgical risks, PCD surgery could be considered. The number of

patients in the groups were small, this was a single-center study,

and the follow-up time needed to be extended to observe the

long-term efficacy.
Conclusion

PCD combined with PVP is an effective treatment for stage III

KD with an adjacent disc vacuum sign. Perhaps, the deformity

correction and long-term efficacy of PCD combined with PVP

are not as good as IFF, but it may be the next best thing to IFF,

especially for elderly patients with complex underlying diseases

and great surgical risks.
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