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Abstract. In the present study, the efficacy of unilateral
transverse process-pedicle and bilateral puncture techniques
in percutaneous kyphoplasty (PKP) for Kummell disease was
compared. Between March 2015 and June 2017, 63 patients
with Kummell disease were recruited and underwent PKP
with two different puncture techniques: A total of 38 patients
were treated by unilateral transverse process-pedicle PKP and
25 patients were treated by bilateral PKP. The operative time,
intra-operative fluoroscopy time, volume of bone cement injec-
tion and bone cement leakage were recorded. Prior to surgery
and 1 day post-surgery, the visual analogue scale (VAS) pain
score and Oswestry disability index (ODI) were determined,
and the vertebral body height and Cobb angle were measured.
The results indicated that the incidence of bone cement
leakage in the unilateral group was similar with the bilateral
group (15.79% vs. 16.00%), with no statistically significant
difference between the two groups. None of the patients in the
two groups had any obvious damage of the spinal cord. The
operative time, intra-operative fluoroscopy time and volume
of bone cement injection in the unilateral group were lower
than those in the bilateral group. A chest X-ray examination
at 1 day post-surgery revealed no pulmonary embolism in the
two groups. The VAS score, ODI, vertebral body height and
Cobb angle were significantly improved in the unilateral and
bilateral groups at 1 day post-surgery and at the last follow-up
(12 months post-surgery) as compared with these param-
eters prior to surgery. In conclusion, the unilateral transverse
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process-pedicle and bilateral puncture techniques in PKP
exhibited good efficacy as a treatment for Kummell disease.
The operative time, intra-operative fluoroscopy time and
volume of bone cement injection were lower in the unilateral

group.
Introduction

In 1895, the German surgeon Kummell first reported on six
patients with a vertebral body compression fracture after a
minor trauma, which led to delayed collapse of the vertebral
body. The disease later became known as ‘Kummell disease’.
The incidence of Kummell disease increases with age and
the presence of osteoporosis. Wang er al (1) linked Kummell
disease to infarction of the vertebral body, with trauma and
osteoporosis being the major factors responsible for the infarc-
tion. Li et al (2) divided Kummell disease into three stages
(stage I, IT and III). In stage I, the vertebral body height loss is
<20%, with or without adjacent intervertebral disc degenera-
tion, whereas the vertebral body height loss in stage IT is >20%
and is usually accompanied by adjacent intervertebral disc
degeneration. Stage III Kummell disease is characterized by
posterior breakage combined with spinal cord compression (2).
Various factors associated with Kummell disease, including
neurological deficits, back pain and spinal canal stenosis, may
increase the risk of disability and mortality, and reduce the
quality of life (3). Thus, the development of a suitable surgical
technique for use in Kummell disease is urgently required.
Previous studies have indicated that percutaneous kypho-
plasty (PKP)instagel,ITand IIIKummell disease achieved agood
curative effect (4,5). Compared with bone cement-augmented
short segmental fixation, PKP was associated with better early
clinical outcomes and reduced blood loss, as well as decreased
operative times and duration of stay at the hospital (6). PKP also
immediately alleviated vertebral body pain and restored the
stiffness and strength of the vertebral body via the use of poly-
methyl methacrylate (PMMA) cement, which provided stability
and support (7). PMMA is the most commonly used cement
in PKA, and the use of PMMA with improved viscosity and
working times as well as radiofrequency-targeted augmentation
and implants, has led to progress in the treatment of Kummell
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disease (7). The bilateral approach, which is relatively safe
and effective, is considered the mainstay of PKP for Kummell
disease (8.,9). Certain studies have proposed that, as compared
with bilateral PKP, unilateral PKP may offer a number of bene-
fits, including a shorter operative time, lower complication rate
and less radiation exposure (10,11). A comparison of bilateral
and unilateral approaches may provide evidence for surgeons in
the selection of PKP.

In the present study, the efficacy of the unilateral transverse
process-pedicle and bilateral puncture technique in PKP for
patients with Kummell disease was retrospectively analyzed.

Materials and methods

Inclusion and exclusion criteria. The inclusion criteria were
patients who met the diagnostic criteria for Kummell disease,
without a known history of trauma or acute minor trauma and
intractable chest and back pain, which receded upon bed rest
and worsened upon sitting and walking, as well as kyphosis
and local percussion pain, ineffective conservative treatment
for >3 months, and imaging revealing a vacuum sign, fissure
sign, pseudoarthrosis or fracture sclerosis. Additional inclu-
sion criteria were an age of >55 years, a lesional segment of
T,,-L,, stage I or II disease and a bone density T-value of <-2.5
on dual-energy X-ray absorptiometry, which is in accordance
with the diagnostic criteria for osteoporosis (12).

The exclusion criteria were combined serious internal
medical diseases, a fresh fracture, or a pathological fracture
associated with a metastatic tumor or primary tumor of the
vertebral body.

Patients. A total of 63 patients with Kummell disease who met
the diagnostic criteria and underwent PKP between March
2015 and June 2017 with one of the two puncture techniques
were recruited (registration number 2015-3-31-1). Due to the
increased cost of bilateral surgery, certain patients selected the
unilateral method, which is cheaper and theoretically safe. A
total of 38 patients were treated with the unilateral method
and 25 patients were treated with the bilateral method. In
the unilateral group, there were 7 males and 31 females aged
57-81 years, with an average age of 69.7 years. The course of
the disease was between 16 and 44 weeks, with an average
duration of 19.5 weeks. The lesional segment was classified
as T,,, T;,, L, L, and L; in 3,9, 14, 7 and 5 patients, respec-
tively. A total of 12 patients had stage I disease and 28 patients
had stage II disease. The bone density T-value was between
-3.9 and -2.5, with an average T-value of -2.9. In the bilateral
group, there were 6 males and 19 females aged 56-84 years,
with an average age of 69.4 years. The course of the disease
was between 14 and 51 weeks, with an average duration of
18.4 weeks. The lesional segment was classified as T,,, T,, L,,
L,,L;andL,in2,9,8,2,2 and 2 patients, respectively. A total
of 8 patients had stage I disease and 17 patients had stage II
disease. The bone density T-value was between -3.7 to -2.6,
with an average T-value of -2.9.

Frontal and lateral chest X-ray, computed tomography
in cases of injured vertebrae and chest magnetic resonance
imaging were performed prior to surgery. There were no signif-
icant inter-group differences in terms of sex, age, course of
disease, lesional segment, bone density T-value, pre-operative
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visual analog scale (VAS) pain score, Oswestry disability index
(ODI), vertebral body height and Cobb angle (13) (Table I).

Surgical techniques. Surgery was performed in accordance
with a previous report with some modifications as listed
below (14). Under general anesthesia, the patient was placed in
the prone position during the X-ray examination. The C-arm
was adjusted to ensure that there was no bilateral shadow on
the affected vertebral body and the puncture entry point was
marked (3-o'clock on the right side and 9-o'clock on the left
side). When the puncture point reached the anterior one-third
of the posterior margin of the vertebral body, a working tunnel
was established using a needle, dilated duct and working casing
pipe. In the present study, a balloon was then guided into the
anterior one-third of the affected vertebral body. A pressure
injection device was connected to the balloon and iohexol was
injected to monitor the balloon expansion. When the pressure
reached 350 kPa, a core needle in the balloon was extracted
from the balloon to expand to locations affected by osteoporosis.
In the unilateral group, prior to injection of the PMMA bone
cement, the fluid and air in the vertebral body were exhausted,
and the bone cement was injected, as described previously. In
the bilateral group, a puncture entry point was made on the
other side. A tunnel was established and the vertebral body
was expanded through the working tunnel. After vertebral
body reduction, the bone cement was injected into the vertebral
body. When the bone cement had diffused into the posterior
one-third of the vertebral body, the bone cement volume was
reduced and the fluoroscopy time was increased. Once bone
cement leakage was detected or the bone cement filled the
cavity, the bone cement injection was stopped and the puncture
needle was removed. The wound was then covered by a sterile
wound dressing. Post-operative electrocardiograph monitoring
was performed for 2 h. All of the patients were fitted with a
corset and regained remobilization at 1 day after the operation.

Evaluation indices. The operative time, intra-operative
fluoroscopy time, volume of bone cement material and bone
cement leakage were recorded.

The VAS was used to assess the pain scores of the patients
prior to surgery, at 1 and 3 days post-surgery, and at 1, 6 and
12 months post-surgery. A 10-cm-long line, with ‘painless
(score = 0)’ and ‘severe pain (score = 10)’ marked at either end,
was used. According to the degree of pain, the patients marked
a point on the line to indicate the intensity and psychological
impact of the pain. The numeric value of the distance from
the starting point to the marked point in cm resembled the
VAS score. The higher the score, the more severe the pain was
considered to be.

The ODI was used to assess the ability of the patients to
pursue daily activities of life prior to surgery, at 1 and 3 days
post-surgery, and at 1, 6 and 12 months post-surgery. The ODI
includes an assessment of pain (the degree of pain and the effect
of pain on sleep), single functions (lying down, sitting, standing
and walking) and comprehensive function (activities of daily
living, sexual life and social activities). Each item was scored as
0-5 points. The corresponding scores of the answers to 10 items
were accumulated and the ODI was calculated as the percentage
of the accumulated score/50 points. The higher the score, the
more severe the level of dysfunction was considered to be.
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Intra-operative fluoroscopy

Volume of bone

Group n Operation time (min) times (number of repeats) cement injection (ml)
Unilateral 38 36.54+10.23 17.98+2.58 4.62+1.03
Bilateral 25 50.26+12.06 20.16+3.02 5.57£1.08
Statistics t=-4.253 t=-3.019 t=-3.275
P<0.001 P=0.005 P=0.003

Values are expressed as the mean + standard deviation.

Figure 1. Representative case of a 67-year-old male patient with Kummell disease at T, from the unilateral group. (A and B) Pre-operative X-ray images
in (A) frontal and (B) lateral view. (C) Pre-operative CT. (D) Pre-operative magnetic resonance image. (E and F) X-ray images at 1 day post-surgery in the
(E) frontal and (F) lateral view revealed evenly distributed bone cement and restoration of the vertebral body height, with little bone cement leakage in
the vertebral endplate. (G) CT at 1 day post-surgery indicated little bone cement leakage in the anterior vertebral body. (H and I) X-ray images 12 months

post-surgery in (H) frontal and (I) lateral view. CT, computed tomography.

The vertebral body height was used to assess the recovery  angle of the intersection of the vertical line of the upper verte-
of the vertebral body. The method of Pflugmacher (15) was  bral endplate and lower vertebral endplate of injured vertebrae
used to measure the distance between the upper and lower  prior to surgery, at 1 and 3 days post-surgery, and at 1, 6 and

endplates of the anterior vertebral body prior to surgery, at 1 12 months post-surgery.
and 3 days post-surgery, and at 1,6 and 12 months post-surgery.

The Cobb angle was used to assess the recovery of the  Statistical analysis. SPSS software, version 17 (SPSS Inc.,
vertebral body. Phillips's method (16) was used to measure the ~ Chicago, IL, USA) was used for all the statistical analyses.
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Figure 2. Representative case of a 66-year-old female patient with Kummell disease at T, from the unilateral group. (A and B) Pre-operative X-ray images
in (A) frontal and (B) lateral view. (C) Pre-operative CT. (D) Pre-operative magnetic resonance image. (E and F) X-ray images at 1 day post-surgery in the
(E) frontal and (F) lateral view indicated little bone cement leakage in the vertebral endplate. (G) CT at 1 day post-surgery indicated little bone cement leakage
in the anterior vertebral body. (H and I) X-ray images 14 months post-surgery in (H) frontal and (I) lateral view. CT, computed tomography.

Values are expressed as the mean + standard deviation. A
comparative analysis between the groups was performed
using an independent two-samples t-test. Repeated-measures
analysis of variance was used to compare different assess-
ments in each group, followed by a Newman-Keuls post-hoc
test. Categorical variables were compared using the % test.
P<0.05 was considered to indicate statistical significance.

Results

Clinical outcomes. Various operation indices for the two
groups are provided in Table I. In the unilateral group, there
were six cases of bone cement leakage (15.79%) and the leakage
reached the anterior vertebrae in all cases. In the bilateral
group, there were four cases of bone cement leakage (16.00%),
with the leakage reaching the anterior vertebrae in one case
and the intervertebral disc in three cases. There was no

statistically significant inter-group difference in the incidence
of bone cement leakage (x*=<0.001; P<0.001). The operative
time, intra-operative fluoroscopy time and volume of bone
cement injection in the unilateral group were significantly
lower than those in the bilateral group (P<0.05). The chest
X-ray examination exhibited no pulmonary embolism at 1 day
post-surgery in the two groups. There were no complications,
including re-fracture of the vertebral body or displacement of
bone cement block, in either group, as exemplified by repre-
sentative cases, whose images are provided in Figs. 1 and 2.

Comparison of indices in the follow-up period. The duration of
follow-up was between 12 and 24 months for all of the patients,
with an average period of 16.4 months. There were no significant
differences in the VAS scores between the unilateral and bilat-
eral groups (P>0.05), although the VAS score in the bilateral
group was lower than that in the unilateral group (Table II). The
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Table II. Comparison of visual analog scale score between the two groups at different time-points.
Following surgery
Group N Prior to surgery 1 day 3 days 1 month 6 months 12 months
Unilateral 38 6.73+1.00 3.50+0.91* 3.12+0.87*0 2.35+0.94%> 1.70+0.85* 1.38+0.82%°
Bilateral 25 6.37+£0.96 342+£1.07* 3.08+0.93*° 2.31+0.98*° 1.65+0.79*° 1.32+0.75*°
Statistics t=1.213 t=0.270 t=0.148 t=0.138 t=0.201 t=0.251
P=0.232 P=0.788 P=0.883 P=0.891 P=0.842 P=0.803
1P<0.05 vs. prior to surgery; "°P<0.05 vs. one day post-surgery. Values are expressed as the mean + standard deviation.
Table III. Comparison of Oswestry disability index between the two groups at different time-points.
Following surgery
Group N Prior to surgery 1 day 3 days 1 month 6 months 12 months
Unilateral 38 68.00+£6.70 32.73+5.05* 28.54+5.78 22.78+5.47* 18.84+5.05* 15.34+4.142>
Bilateral 25 68.16+7.67 33.74+7.05* 29.23+6.64° 23.28+5.75% 18.25+5.36*° 14.62+4 36*°
Statistics t=0.074 t=0.561 t=0.371 t=0.296 t=0.377 t=0.563
P=0.941 P=0.578 P=0.712 P=0.769 P=0.708 P=0.576

1P<0.05 vs. prior to surgery; "P<0.05 vs. one day post-surgery. Values are expressed as the mean + standard deviation.

VAS scores were significantly decreased in the unilateral and
bilateral groups at 1 day post-surgery as compared with those
pre-surgery (Table II). With the increase in the follow-up time,
the VAS scores of the two groups gradually decreased, and there
was a statistically significant difference in the scores between
the first day post-surgery and the later time-points (P<0.05).

There were no significant inter-group differences in the ODI
scores (P>0.05), although the ODI scores of the bilateral group
were higher than those of the unilateral group (Table III). In
each of the two groups, the ODI scores had decreased signifi-
cantly at 1 day post-surgery as compared with those prior to
surgery (Table I1T). With the increase in the follow-up time, the
ODI scores of the two groups gradually decreased, and there
was a statistically significant difference between the scores at
day 1 post-surgery and the later time-points (P<0.05).

As presented in Table IV, there were no significant
inter-group differences in the vertebral body height (P>0.05).
In either of the two groups, the vertebral body height was
significantly increased at 1 day post-surgery as compared with
that prior to surgery (P<0.05).

There were no significant differences in the Cobb angles
of the unilateral and bilateral groups (P>0.05), as indicated in
Table V. In the unilateral and bilateral groups, the Cobb angle
was significantly decreased at 1 day post-surgery as compared
with that prior to surgery (P<0.05; Table V).

Discussion

Kummell disease is a complication of osteoporosis, osteogenesis
decline, intervertebral disc degeneration, microfractures, fatigue

fractures, inadequate blood flow and pseudoarthrosis (17); it is
caused by vertebral body infarction, with trauma and osteo-
porosis thought to be the major factors responsible for the
infarction (1). Usually, Kummell disease is diagnosed based on
an intravertebral vacuum cleft sign (18). The affected vertebral
body exhibits marked mobility, with a decreased height, which
increases during hyperextension. There are no neurological
symptoms in stage I and II Kummell disease. Thus, at these
stages, the major aim is to eliminate the mobility of the frac-
tured vertebrae and restore spinal stability (15). By contrast,
stage III disease is characterized by rupture of the posterior
vertebral wall, together with severe kyphosis and neurospinal
symptoms, for which open surgery is recommended (19).

As a treatment for Kummell disease, PKP may immedi-
ately alleviate pain and restore the stiffness and strength of
the vertebral body through the stability and support provided
by PMMA (20). Kim et al (21) reported that a bone cement
volume of 30% of the vertebral body volume restored the level
of stiffness to that of normal bone. However, if the bone cement
volume exceeded 30% of the vertebral body volume, the stiff-
ness exceeded that of normal bone. Thus, an appropriate bone
cement volume is vital for restoration of the vertebral body.
In the present study, although the volume of bone cement in
the unilateral group was significantly lower than that in the
bilateral group, a unilateral puncture may result in an uneven
distribution of bone cement in the vertebral body, unilateral
weight bearing, lateral compression and collapse of the
non-operative side of the vertebral body (22,23).

In a previous biomechanical analysis, unipedicular
kyphoplasty and bipedicular kyphoplasty restored the
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Table I'V. Comparison of vertebral body height between the two groups at different time-points.

Following surgery

Group N Prior to surgery 1 day 3 days 1 month 6 months 12 months
Unilateral 38 16.08+1.96 20.62+1.64* 20.62+1.62%° 20.60+1.64> 20.58+1.60*° 20.56x1.572°
Bilateral 25 15.61£1.24 20.04+1.21* 20.04+1.242> 20.02+1.20%*° 20.00+1.25%° 20.00£1.16*°
Statistics t=0.983 t=1.303 t=1.305 t=1.306 t=1.313 t=1.313

P=0.331 P=0.199 P=0.199 P=0.198 P=0.196 P=0.196
"P<0.05 vs. prior to surgery; *P<0.05 vs. one day post-surgery. Values are expressed as the mean =+ standard deviation.
Table V. Comparison of Cobb angle between the two groups at different time-points.

Following surgery
Group N Prior to surgery 1 day 3 days 1 month 6 months 12 months
Unilateral 38 14.53+3.96 8.66+2.51° 8.66+2.54° 8.66+2 .48 8.67+2.52%° 8.69+2.570
Bilateral 25 14.93+3.66 8.46+2.66" 8.46+2.65 8.46+2.63° 8.48+2.62%° 8.51+2.68°
Statistics t=0.345 t=0.257 t=0.256 t=0.260 t=0.246 t=0.228
P=0.732 P=0.798 P=0.799 P=0.796 P=0.807 P=0.821

1P<0.05 vs. prior to surgery; "P<0.05 vs. one day post-surgery. Values are expressed as the mean + standard deviation.

strength and stiffness of the vertebral body, and unipedicular
kyphoplasty did not increase the risk of lateral compression
based on a comparison of the vertebral body height (5). The
present results indicated that the operative time, intra-oper-
ative fluoroscopy time and volume of bone cement injection
in the unilateral group were significantly lower than those
in the bilateral group, indicating that unilateral PKP was
beneficial in decreasing the operative time, X-ray radiation
dose and the puncture wound size. In the follow-up period,
none of the patients experienced refracture around the verte-
bral body, suggesting that the unilateral puncture method
was able to restore the strength and stiffness of the affected
vertebral body. Studies by Yan er al (24,14) reported that
pain and the kyphotic angle were reduced in their unilateral
and bilateral groups, whereas the volume of the injected
cement and radiation dose in the unilateral group were
lower than those in the bilateral group. Hence, the current
study demonstrated that unilateral PKP had a similar cura-
tive effect as bilateral PKP, and the radiation dose, operative
time and complication rate were all lower than those in the
bilateral PKP group, which was consistent with the results
of previous studies (13)

In the unilateral puncture approach, the inclined angle
of the puncture is increased to distribute the bone cement to
the opposite side, which increases puncture-associated risks.
To address these issues, the balloon must be placed in the
anterior one-third of the vertebral body to allow the bone
cement to diffuse into the midline and contralateral vertebral
body (25). The balloon may be extended and expanded twice
during surgery, which aids in the recovery of the vertebral
body height. To avoid rupture of the vertebral body wall

and balloon and the risk of bone cement leakage, the pres-
sure achieved by balloon dilatation should not be excessively
high (26). In certain patients with acute fractures, the vertebral
body contains a large amount of fluid. In such cases, prior to
bone cement injection, the fluid in the vertebral body should
be removed to reduce the injection pressure and facilitate bone
cement diffusion and anchorage of the bone cement to the
vertebral wall (26).

Of note, the present study has certain limitations. The
number of patients with Kummell disease was relatively
small, and the length of the follow-up period was not suffi-
cient. In the present study, spinal cord damage, operative
time and intra-operative fluoroscopy time, as well as the
volume of bone cement injection, were lower in the unilat-
eral group than those in the bilateral group, and the VAS
scores, ODI scores, vertebral body height and Cobb angle
were measured during the follow-up period to indicate the
curative effect between uni- and bilateral groups. A study
with a larger patient population (200 or more patients) and
a longer follow-up period (24 months post-surgery) will be
performed in the future.

In conclusion, the present study indicated that bilateral and
unilateral PKP are able to efficiently relieve pain, restore the
vertebral body height, reduce the Cobb angle and restore spinal
stability. As compared with bilateral PKP, unilateral PKP was
associated with shorter operative times and intraoperative
fluoroscopy times. However, as indicated by previous studies,
the risk of unevenly distributed bone cement with unilateral
PKP may be higher than that with bilateral PKP. Therefore,
unilateral PKP may be a priority on the basis of proficiency
in PKP.
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