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Abstract
Background: Percutaneous kyphoplasty (PKP) is effective for the treatment of Kummell's disease. However, controversy
remains regarding whether a unipedicular or bipedicular PKP is superior.

Methods: A retrospective study was performed to review 40 patients with stage I and II Kummell's disease who underwent
PKP in our hospital from January 2015 to June 2018. Based on the transpedicular approach of PKP, those patients were
randomly divided into unipedicular group (n = 19) and bipedicular group (n = 21) . Operative time, bone cement injection
volume and cement leakage rate were compared in the two groups. Pre- and post-operative visual analogue score (VAS),
local kyphotic angle and average vertebral height were also evaluated.

Results: All patients underwent surgery successfully. Compared with preoperative condition, VAS was signi�cantly
decreased at 1 day after operation and the last follow-up in both groups (P < 0.05) , and local kyphotic angle and average
vertebral height were restored markedly (P < 0.05). Operative time of both groups had no signi�cant difference (P > 0.05).
Bone cement injection volume was larger in bipedicular group (P < 0.05). At 1 day after operation and the last follow-up ,
the local kyphotic angle and average vertebral height in bipedicular group were restored better than those in unipedicular
group (P < 0.05). There were 4 cases of cement leakage in both groups, with leakage rates of 21.1% and 19.0%, respectively,
and the difference was not signi�cant (P > 0.05).

Conclusion: Both unipedicular and bipedicular PKP are effective for treating patients with stage I and II Kummell's disease,
while postoperative pain relief and imaging results in bipedicular group were better than those in unipedicular group. 

Background
Kummell's disease, known as post-traumatic delayed vertebral collapse, was �rst proposed in 1895. Kummell's disease
occurred in a delayed fusion after minor trauma and present with kyphotic deformity, even with neurological symptoms [1].
Li et al. classi�ed Kummell's disease into three stages: vertebral compression < 20%, with or without adjacent disc
degeneration (stage I); vertebral compression > 20%, with adjacent disc degeneration (stage II); posterior wall rupture of
vertebral body with spinal nerve compression (stage III) [2]. For patients with no obvious relief of pain after conservative
treatments, surgery is needed to relieve pain, stabilize the spine and relieve nerve compression. Patients with stage I and II
Kummell's disease are recommended to receive percutaneous vertebroplasty (PVP) or percutaneous kyphoplasty (PKP)
because there are no neurological de�cits. Both PVP and PKP are effective for the treatment of Kummell's disease, while
PKP has advantage to correct kyphotic deformity [3–4]. Controversy remains regarding whether a unipedicular or bipedicular
PKP is superior [5–7]. Some scholars concluded that the operative time, intra-operative �uoroscopy time and volume of bone
cement injection were lower but could achieve similar clinical and radiographic outcomes in the unipedicular group, while
some other scholars believed that the bipedicular PKP is more e�cacious in height restoration and pain relief. From
January 2015 to June 2018, 40 patients with stage I and II Kummell's disease were admitted in our hospital and underwent
unipedicular or bipedicularis PKP with satisfactory e�cacy. The clinical effects are analyzed as follows.

Methods
Case selection

Inclusion criteria: (1) patients who were unresponsive to conservative treatment and underwent unipedicular or bipedicular
PKP; (2) stage I and II Kummell's disease; (3) single vertebral lesion of thoracolumbar spine (T11-L2); (4)follow-up time ≧
24 months. Exclusion criteria: patients with acute fracture, primary and secondary bone tumors, spinal infection or
tuberculosis. A total of 40 patient with Kummell's disease was enrolled in this study. Patients were randomly divided into
unipedicular group (n = 19) and bipedicular group (n = 21) . In both groups, patients’ gender, age, fractured vertebra, course
of disease, follow-up time, preoperative visual analogue score (VAS) were recorded and preoperative standing local
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kyphotic angle (angle between the upper and lower endplates of the fractured vertebral body) and average vertebral height
(mean value of anterior and midline height of fractured vertebral body) were measure. Details were shown in Table 1, 3 and
4.

Operation and post-operative treatment

All operations were performed by the same group of surgeons. All patients were treated in a prone position under local
anaesthesia using biplanar C-arm imaging guidance. In unipedicular group, the working channel was established through
unilateral pedicle puncture, and in bipedicular group, two surgeons simultaneously established the working channel
through bilateral pedicle puncture. PKP was performed using minimally invasive instruments and special balloons
produced by Shanghai Kinetic Co., Ltd. Conditions related with balloon dilatation and fracture reduction were closely
monitored during operation. The balloons are in�ated using pressure control to create a cavity within the vertebra and to
reduce the fracture deformity. Once this has been achieved, the balloons are de�ated and removed, and mixed bone cement
(polymethyl methacrylate, PMMA, Tecres, Italy) was prepared. PMMA cement was injected into the cavity. The injection
stopped when the cement reached the posterior margin of the vertebral body. The patients walked on the ground 24 hours
after operation and were given conventional drugs for anti-osteoporosis treatment after operation, such as calcium and
calcitriol.

Outcomes evaluation

Operative time, bone cement injection volume, patients’ pain relief at preoperation, post operation and the last follow-up
assessed by VAS were recorded. Two researchers especially trained in the measurement of radiological spinal parameters
independently evaluated the standing local kyphotic angle and average vertebral height of the fractured vertebra on pre-
and post-operative radiographs for all patients. CT scan of fractured vertebra was performed in postoperative
reexamination for observing bone cement dispersion and cement leakage. Image analysis was carried out using Centricity
Enterprise Web® (GE Healthcare, Buckinghamshire, UK). The mean values from both measurements were used for
statistical analysis to minimize the risk of systematic bias.

Statistic analysis

Statistic analysis was performed by using SPSS 17.0 (Chicago, USA). Measurement data were expressed as x̄ ± s, paired
sample t-test was used for comparison within group, and two independent sample t-test was used for comparison between
groups. Enumeration data were analyzed by X2 test , and the α value of the test level was taken as 0.05. 

Results
Comparisons of general information in the two groups

The differences of gender, age, fractured vertebra, course of disease, follow-up time, preoperative VAS, preoperative local
kyphotic angle and preoperative average vertebral height in the two groups were not signi�cant (P > 0.05, Table 1, 3 and 4)
and comparable.

Perioperative condition

All patients underwent surgery successfully. No injury of spinal cord, nerve root and bursa and rupture of balloon occurred
during operation. The difference of operative time in the two groups was not signi�cant (P > 0.05). Bone cement injection
volume in bipedicular group was more than that in unipedicular group (P < 0.05, Table 2). There were 4 cases of
asymptomatic cement leakage (leakage along lateral vertebral body) in both groups, with leakage rates of 21.1% and
19.0%, respectively. The difference between the two groups was not signi�cant (X2 = 0.006 P > 0.05).
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VAS and imaging evaluation

Compared with preoperative condition, VAS was signi�cantly decreased at 1 day after operation and the last follow-up in
both groups (P < 0.05, Table 3). VAS in bipedicular group decreased more signi�cantly than that in unipedicular group (P <
0.05 , Table 3). Local kyphotic angle and average vertebral height were restored markedly at 1 day after operation as
compared with preoperative condition, and the improvement in bipedicular group was more obvious than that in
unipedicular group (P < 0.05, Table 4). No middle/long term complications (such as bone cement dislocation and new
vertebral fracture) were found in the follow-up of the both groups. Typical cases of the two groups were shown in Figure 1
and Figure 2.

Discussion
The incidence of Kummell's disease is relatively low and nonsurgical treatments have usually been less effective. Hence,
many surgeons have advised that Kummell's disease should be treated by operative intervention [8]. For the posterior
vertebral wall rupture, combined with severe kyphotic deformity and neurological symptoms at stage III of Kummell's
disease, open surgery is recommended [9]. Patients with stage I and II Kummell's disease have no neurological symptoms,
and the main goal of surgery is to eliminate fractured vertebral micromotion and reconstruct spinal stability, therefore, PVP
or PKP is recommended [10]. Both PVP or PKP can achieve satisfactory clinical e�cacy. Compared with PVP, PKP has
advantage in terms of correcting kyphosis [4]. In this study, the clinical symptoms of patients in the two groups were
improved signi�cantly with satisfactory e�cacy.

Controversy remains regarding whether a unipedicular or bipedicularis PKP is superior [5–7]. Researchers who supported
unipedicular PKP considered that unipedicular PKP is comparable to bipedicular approach in clinical e�cacy, while given
the advantages of short operative time, low radiation exposure and incidence of complications, unipedicular approach
should be recommended [11]. In this study, two surgeons simultaneously established the working channel through bilateral
pedicle puncture in bipedicular group. The scan times of X-Ray in bipedicular group and surgery duration were comparable
to that in unipedicular group. Bone cement leakage is a common complication of PKP. In order to decrease the leakage rate,
intraoperative lateral C-arm �uoroscopy was used to observe the diffusion of bone cement discontinusously. We stopped
injection when bone cement diffused to the posterior wall of the vertebral body. There were 4 cases of cement leakage in
both groups, with leakage rates of 21.1% and 19.0%, respectively. There was no spinal canal involved by the bone cement
leakage, all the leaky cement were along lateral vertebral body and the difference between the two groups was not
signi�cant.

The optimal bone cement injection volume for vertebroplasty remains controversial. Molly et al. reported that restoration of
stiffness in the thoracic region required �ll volumes of 2 mL cement, 4 mL in the thoracolumbar region, 8 mL in the lumbar
region, while restoration of strength in vertebral body required 4 mL of cement [12]. Kim et al. revealed that stiffness was
restored when bone cement �lling volume reached 30% of the volume of a vertebral body [13]. Liebschner et al. found that
bone cement �ll with unipedicular injection resulted in asymmetric distribution of the cement and further led to unstable
conditions and deformation of vertebral body due to the single-sided load [14]. Chevalier et al. proved that compliant cement
distribution touching the inferior and the superior endplate in vertebroplasty was helpful to prevent future recollapse or
fracture [15]. Hence, proper bone cement �ll volume and uniform distribution are essential for vertebral reconstruction.
Unilateral puncture achieves the expected amount of cement perfusion and satisfactory distribution required the cement
distribution across the midline [16], so that during puncture, the needle insertion point should be outward, or directly from the
transverse-pedicle junction, while the abduction angle needs to be increased with the risk of intraoperative rupture of the
medial wall of the pedicle, cement leakage, and nerve injury.
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Kummell's disease is a rare type of osteoporotic vertebral compression fracture with obvious cleft and cavity in the
fractured vertebral body in which cavity was �lled by gas or liquid, or mixed gas and liquid, and changed with body position
[17]. Elimaination of mechanical instability plays a key role in reducing pain, however, volume of cement injected as well as
the correction of the kyphosis are also important for Kummel’s disease. The e�cacy of vertebral augmentation techniques
on height restoration and kyphotic deformity correction were more remarkable in vertebrae with intravertebral cleft than in
those without intravertebral cleft. Unrelieved or recurrent pain was reported to be related to incomplete �lling of the cleft or
interface failure between bone and cement [18–20]. For pain relief and functional recovery, the spongy group was superior to
the blocky group. Therefore, the spongy distribution pattern should be formed during the injection of bone cement to obtain
better therapeutic effect [21]. Yu et al. concluded that due to the presence of �broperichondrium on the inner wall of the cleft
and sclerosis of the surrounding bone, bone cement is di�cult to diffuse into the surrounding cancellous bone and form
effective adhesion, only form solid lump in the cleft [22]. The limited bone cement mass cannot be connected with the upper
and lower adjacent endplates and cannot strengthen cancellous bone of vertebrae, which is more prone to stress shielding
leading to recollapse, and cannot support the normal physiological stress from the body resulting in the continued
existence of pain symptoms caused by osteoporosis [23].Hence, bone cement injection should �ll both the cleft in the
vertebral body and the bone tissue around the cleft to increase the stability and prevent later loss of average vertebral
height.

In this study, to ensure better homogeneity of baseline characteristics, we included patients with Kummell's disease of a
single vertebra in the thoracolumbar region. The bone cement injection volume in unipedicular group was less than 4 ml
and bone cement failed to diffuse to the midline in some patients. In our patients, individualized techniques of PKP were
performed to make the cement su�ciently �ll the cleft and anchor the peri-cleft bones, especially in the bipedicluar group,
which could avoid two percutaneous working canals enter the cleft simultaneously. The bone cement volume and direction
in bipedicular group could �exibly adjusted as needed with asymmetric distribution of the cement and easy to form spongy
distribution pattern. The bone cement volume was higher in bipedicular group than that in unipedicular group. For
postoperative pain relief and imaging results, VAS, local kyphotic angle and average vertebral height at 1 day after
operation and the last follow-up improved more obviously in bipedicular group than in unipedicular group, which suggested
that bipedicular group achieved better e�cacy.

This study also has limitations. Some patients did not take X-ray examination at 2 years follow up, we could not collecte all
patients’ imaging data, the comparative study could not be carried out. This study is a single-center retrospective study with
limited cases and short follow-up time, so the long-term randomized controlled study with large sample are needed to
further verify the clinical e�cacy of bipedicular PKP in the treatment of Kummell's disease.

Conclusion
In summary, both unipedicular and bipedicular PKP are effective for treating patients with stage I and II Kummell's disease,
while postoperative pain relief and imaging results in bipedicular group were better than unipedicular group.

Abbreviations
PKP bipedicular percutaneous kyphoplasty ; PVP percutaneous vertebroplasty; VAS visual analogue score ; PMMA
polymethyl methacrylate
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Tables
Table 1

General information of patients with Kummell's disease
Groups Cases Gender Age

(year, x̄ ± s)

Fractured vertebra Course of disease

(week, x̄ ± s)

Follow-up

(month, x̄ ± s)M F T11 T12 L1 L2

Unipedicular 19 7 12 73.21 ± 7.64 2 7 5 5 8.63 ± 4.59 27.58 ± 3.69

Bipedicular 21 8 13 71.62 ± 8.11 7 7 4 3 7.71 ± 2.99 28.67 ± 3.61

χ2/t   0.007 0.637 3.297 0.107 -0.942

P   0.935 0.528 0.348 0.454 0.352
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Table 2

 Comparison of perioperative condition of patients with Kummell's disease (x̄ ± s)
Groups Cases Operative time (min) Bone cement injection volume (mL)

Unipedicular 19 47.32 ± 7.22 3.73 ± 0.59

Bipedicular 21 52.52 ± 10.38 5.28 ± 1.17

t   -1.824 -5.321

P   0.072 0.000

 
Table 3

Comparison of pre- and post-operative VAS of patients with Kummell's disease (x̄ ± s)
Groups cases VAS

preoperation 1 day post operation Last follow-up

Unipedicular 19 6.42 ± 1.61* 3.63 ± 1.61 3.21 ± 1.44

Bipedicular 21 6.48 ± 1.57* 2.28 ± 0.87 2.33 ± 0.73

t   -0.110 2.786 2.396

P   0.913 0.010 0.024

Note: VAS = visual analogue score, * means compared with other time points in the same group, P < 0.05

 
Table 4

Comparisons of pre- and post-operative local kyphotic angle and average vertebral height of patients with Kummell's
disease (x̄ ± s)

Groups Cases Local kyphotic angle (°) Average vertebral height (mm)

preoperation 1 day
post
operation

t P preoperation 1 day
post
operation

t P

Unipedicular 19 19.95 ± 3.49 12.89 ± 
2.36

24.087 0.000 15.63 ± 2.79 18.95 ± 
3.06

-16.833 0.000

Bipedicular 21 19.29 ± 3.45 10.71 ± 
2.78

17.609 0.000 17.24 ± 4.18 21.57 ± 
4.39

-25.453 0.000

t   0.602 2.663     -1.441 -2.170    

P   0.551 0.011     0.159 0.036    

Figures
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Figure 1

Typical case in unipedicular group. A-B: Pre-operative X-ray images in (A) frontal and (B) lateral view showed L1 vertebral
compression fracture; C: Fat-suppressed MRI images showed hyperintense signal of vertebral body and clear boundary
with the surrounding vertebral bodies signal. D-E: X-ray images in (D) frontal and (E) lateral view in post operation
reexamination showed reduction of L1 vertebral fracture and bone cement dispersion over the midline of vertebral body. F:
Postoperative CT scan of fractured vertebra showed no cement leakage.
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Figure 1

Typical case in unipedicular group. A-B: Pre-operative X-ray images in (A) frontal and (B) lateral view showed L1 vertebral
compression fracture; C: Fat-suppressed MRI images showed hyperintense signal of vertebral body and clear boundary
with the surrounding vertebral bodies signal. D-E: X-ray images in (D) frontal and (E) lateral view in post operation
reexamination showed reduction of L1 vertebral fracture and bone cement dispersion over the midline of vertebral body. F:
Postoperative CT scan of fractured vertebra showed no cement leakage.
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Figure 2

Typical case in bipedicular group. A-B: Pre-operative X-ray images in (A) frontal and (B) lateral view showed L1 vertebral
compression fracture; C: T2-weighted MRI image showed hyperintense signal of vertebra and clear boundary with the
surrounding vertebral bodies signal. D-E: X-ray images in (D) frontal and (E) lateral view in post-operative reexamination
showed obvious reduction of L1 vertebral fracture, good restoration of average vertebral height and bilateral distribution of
bone cement. F: Postoperative CT scan of fractured vertebral body showed no cement leakage and bone cement with
spongy distribution pattern.
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Figure 2

Typical case in bipedicular group. A-B: Pre-operative X-ray images in (A) frontal and (B) lateral view showed L1 vertebral
compression fracture; C: T2-weighted MRI image showed hyperintense signal of vertebra and clear boundary with the
surrounding vertebral bodies signal. D-E: X-ray images in (D) frontal and (E) lateral view in post-operative reexamination
showed obvious reduction of L1 vertebral fracture, good restoration of average vertebral height and bilateral distribution of
bone cement. F: Postoperative CT scan of fractured vertebral body showed no cement leakage and bone cement with
spongy distribution pattern.


