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Abstract

Purpose The impact of percutaneous internal fixation as a
supplement to percutaneous kyphoplasty (PKP) for the
management of thoracolumbar burst fractures in elderly
patients is unclear. We conducted a clinical controlled trial
to investigate the effect and outcomes of this technique in
such patients.

Methods Forty-three patients over 65 years old with
thoracolumbar burst fractures without nerve injuries were
enrolled. They were randomly assigned to treatment with
simple PKP (control group, n = 22) or percutaneous short-
segment pedicle screw internal fixation with PKP (treat-
ment group, n = 21). The patients were followed for at
least 2 years postoperatively and were assessed with regard
to clinical and radiological outcomes. Clinical outcomes
were evaluated mainly with use of visual analog scale
(VAS) for pain and the Oswestry Disability Index (ODI)
questionnaire. Radiological outcomes were assessed
mainly on the basis of Cobb kyphosis angle and loss of
kyphosis correction.

Results  There were no significant differences between the
two groups with regard to preoperative indices. The treat-
ment group had better VAS scores and greater postopera-
tive improvement on the ODI compared with the control
group (P < 0.05). Postoperative kyphosis angle correction
in the treatment group was superior to that in the control
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group, and loss of correction postoperatively was signifi-
cantly less (P < 0.05). In the control group, two patients
suffered refractures of the injured vertebra postoperatively
and one had a fracture in the adjacent vertebra. No post-
operative complications needing management were noted
in either group.

Conclusions Compared with simple PKP, percutaneous
internal fixation with PKP is a valuable surgical option for
the treatment of selected elderly patients with thoraco-
lumbar burst fractures.

Keywords Elderly patient - Thoracolumbar burst
fracture - Percutaneous internal fixation - Simple PKP -
Randomized controlled trial

Introduction

Percutaneous kyphoplasty (PKP) is safe and effective in the
management of thoracolumbar compression fractures in
elderly patients. However, when PKP is used to treat tho-
racolumbar burst fractures, there are some defects such as
bone cement leakage, or unsatisfactory reduction of frac-
tures [1, 2]. Especially, postoperative complications like
the adjacent vertebra fractures or the injured vertebra re-
fractures may often occur, which always lead to severe
pain and dysfunction [3, 4]. Pedicle screw internal fixation
alone can achieve satisfactory reduction but may increase
the trauma, and screw loosening often occurs due to senile
osteoporosis; there is also a higher incidence of late ky-
phosis deformity [5-7].

Because some researchers have used short-segment
pedicle screw internal fixation combined with percutaneous
vertebroplasty (PVP) or PKP to treat thoracolumbar burst
fractures in young adults [8-10], we wondered if PKP
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could be used after percutaneous internal fixation to treat
thoracolumbar burst fractures in elderly patients. We con-
ducted a prospective randomized controlled trial compar-
ing simple PKP (control group) with percutaneous short-
segment pedicle screw fixation with PKP (treatment
group). Our hypothesis was that the efficacy of percuta-
neous internal fixation with PKP is superior to that of
simple PKP in the management of thoracolumbar burst
fractures in selected elderly patients.

Materials and methods

This prospective randomized controlled study was
approved by the institutional review board and the ethics
committee of our medical college. The included cases were
elderly patients with a single-level thoracolumbar burst
fracture (T11-L2) who were diagnosed and treated in our
hospital’s spinal surgery unit between January 2007 and
December 2008.

The inclusion criteria were: more than 65 years old, no
or mild organic disease, clear history of trauma (e.g. fall,
road traffic accident), imaging (radiography, computed
tomography and/or magnetic resonance imaging) per-
formed within 3 days after the injury showing a single-
level vertebral burst fracture (involving the posterior wall
of a vertebra), fragment of fractured lamina encroaching
into vertebral canal by less than one-quarter of the canal’s
transverse diameter, no nerve damage, decompression
surgery not required, the fracture type belonged to type A3
according to AO classification. Exclusion criteria were:
patient could not tolerate surgery, pathologic fracture,
fracture associated with ankylosing spondylitis, and

multiple osteoporotic fractures, fracture associated with
disc damage.

Fifty-two consecutive patients met the criteria for
inclusion. Four patients refused to undergo surgical treat-
ment and five were lost to follow-up. Thus, forty-three
patients were enrolled in the study, comprising 21 males
and 22 females with an average age of 72.5 years. The
cause of the injury was the ground falls in 19 patients, a
bicycle or motorcycle accident in 12, a pedestrian—motor
vehicle accident in 9, a fall from a height in 2 and a crush
injury in 1. The level of injury was T11 in 4 patients, T12
in 11, L1 in 20 and L2 in 8. The load sharing scores of the
patients were 2—7 according to McCormack’s method. All
patients had no nerve damage when they were admitted to
the hospital.

Informed written consent was obtained from each
patient and his or her family, and the patients were then
randomized on the basis of a computer-generated random-
allocation sequence. 22 patients were randomized to
treatment with simple PKP (PKP group, controls) and 21
were assigned to treatment with percutaneous short-seg-
ment pedicle screw internal fixation with PKP (PIF-PKP
group, treatment). The baseline characteristics of the
patients are displayed in Table 1. The treatment and con-
trol groups were similar with respect to most demographic
variables (P > 0.05).

All enrolled patients of two groups were managed with
posterior spinal operation by the same doctor at an average
of 3.8 days (range 2-7 days) after the initial trauma.
Patients in the PKP group were given general or local
anesthesia and placed in the prone position so the spine was
in hyperextension state. The range of reduction of the
fracture site was felt under the proper pressure of the

Table 1 Baseline preoperative characteristics of PKP group and PIF-PKP group

Index PKP group PIF-PKP group P value
Number of patients 22 21

Age? (years) 73.18 £ 4.90 (65.00 to 82.00) 71.76 £ 5.42 (65.00 to 81.00) >0.05
Male:female ratio 11:11 10:11 >0.05
Body mass index? (kg/m?) 25.27 £ 2.05 (22.00 to 30.00) 25.29 £+ 1.68 (23 to 29) >0.05
Level of fracture 3:6:9:4 1:5:11:4 >0.05
TI11 3 1

TI12 6 5

L1 9 11

L2 4 4

Load sharing score 43+£1.62to7) 43+ 15QR2to7) >0.05
Preoperative bone density“'b —3.57 £ 1.12 (=5.1 to —1.5) —3.23 £ 1.00 (-5.3to —1.9) >0.05
Time from injury to surgery (days)* 391 £ 134 (2to7) 371 £ 1.153 to 7) >0.05
Duration of follow-up (months)® 34.00 £ 9.41 (24 to 59) 34.24 + 8.99 (24 to 55) >0.05

? Values are the mean and standard deviation, with the range in parentheses
° Preoperative bone density (T value, L3-L4) measured using Lunar Prodigy DF303116 (GE Healthcare, USA)
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doctor’s palm. After disinfection and placement of sterile
drapes, a skin incision of about 3 mm was made unilater-
ally in the pedicle of the injured vertebra. Under fluoros-
copy using a C-arm X-ray machine, the injured vertebral
segment was confirmed and a needle puncture channel was
created. Percutaneous puncture balloon kyphoplasty
(Shandong Guanlong Company of China) was then per-
formed, and polymethylmethacrylate (PMMA) bone
cement (Tianjin Synthetic Materials Company of China)
was prepared and pushed into the injured vertebral body
under low pressure while in its dough state.

Patients in the PIF-PKP group were placed in the prone
position under general anesthesia with endotracheal intu-
bation. Using a specialized metal frame, the projected
positions of the pedicle of the injured vertebra and the
adjacent upper/lower segments were marked on the body
surface preoperatively. After disinfection and placement of
sterile drapes, four skin incisions of about 1.5 cm were
made at the surface markers (Fig. 1). Four pedicle screws
were then implanted percutaneously under C-arm X-ray
machine monitoring, pre-bent longitudinal connecting rods
were then inserted into the U-shaped slots of the screws
under the paraspinal muscles. The distraction reposition of
the fractured vertebra was performed along the longitudinal
direction of the connecting rods using a distraction and
compression tool which is matched with percutaneous
transpedicular systems, and the screws were tightened after
a satisfactory vertebra reduction. Subsequently, PKP was
performed. Avoiding the longitudinal connecting rods, a
trocar of 5 mm diameter was inserted into the injured
vertebral body in the side of the pedicle with the larger
E-angle, which enabled puncture close to the vertebral

Fig. 1 Skin incision design for
percutaneous pedicle screw
internal fixation and
percutaneous kyphoplasty
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midline (Fig. 1). Bone cement was pushed into the frac-
tured vertebra after the balloon expansion. The minimally
invasive internal fixation stabilization system was supplied
by Zhejiang Kehui Company of China; the PKP system and
bone cement were the same as that of the PKP group.

Postoperative management was the same in both groups.
The use of a brace was not required and all patients were
encouraged to stand and walk when they could tolerate the
pain and when their general condition and neurologic status
permitted.

Clinical data including operative time, blood loss, vol-
ume of bone cement injected, leakage of bone cement, time
from surgery to ambulation and length of hospital stay
were recorded for each group. Any perioperative medical
or surgical complications that might need specific inter-
vention or treatment were noted.

All patients were evaluated at 1, 3 and 6 months after
surgery and semi-annually thereafter. Functional outcomes
were assessed by two independent observers using a visual
analog scale (VAS) for pain and the Oswestry Disability
Index (ODI) questionnaire. All radiographs and CT scans
were evaluated. The local kyphosis angle (Cobb angle,
formed by the inferior end plate of the intact vertebra
cephalad to the fracture and the superior end plate of the
intact vertebra caudad to the fracture) was measured on
lateral plain radiographs of the standing position using the
Cobb method, to determine loss or persistence of kyphosis
correction [11]. CT-scan is used to evaluate bone cement
leakage, internal fixation loosening, and vertebral refrac-
ture. Any refracture of the injured vertebra, adjacent ver-
tebral fracture or loosening of the internal fixation was
recorded.
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Statistical analysis

We used SPSS statistical software (version 15.0; SPSS,
Inc., USA) for all analyses of continuous variables, which
were recorded as the mean and standard deviation. The two
groups were compared using the paired ¢ test or Wilcoxon
rank-sum test, with the level of significance set at
P < 0.05. For sex and vertebral fracture type, we used the
Chi-square test with an R x C table.

Results

There were no differences between the two groups with
regard to time from surgery to walking and duration of
hospitalization (P > 0.05). Amount of bone cement injec-
ted of PIF-PKP group was more than that of PKP group
(P < 0.05), but these amounts could be accepted by all
elderly patients. Operative time and perioperative blood
loss differed significantly between the two groups
(P < 0.05), but both parameters were within the range of
the operative tolerance of elderly patients. Bone cement
leakage was observed during the procedure in 14 cases—10
in the PKP group and 4 in the PIF-PKP group—but all
leaks were from the side of the vertebra, with no leakage
into the spinal canal and no need for specific treatment
(Table 2).

No nerve damage occurred in either group postopera-
tively and no major complications or wound infections
were noted perioperatively. One patient in the PKP group
suffered an acute exacerbation of chronic bronchitis post-
operatively, but improved and was discharged after anti-
biotic therapy.

There was no difference between the two groups with
regard to preoperative Cobb angle (P > 0.05). However,
the PIF-PKP group had better clinical outcomes than the
PKP group in terms of both postoperative Cobb angle of
kyphosis correction and the persistence of the corrected
angle (P < 0.05). Typical patient images were displayed in
Figs. 2, 3. Statistical results are shown in Fig. 4.

There was no difference between the two groups with
regard to preoperative VAS score for low back pain
(P > 0.05), but postoperatively and at each follow-up
assessment their VAS scores differed significantly
(P < 0.05). The two groups’ ODI results in pre-injury were
no difference (P > 0.05), but the two groups’ ODI results
at postoperatively were significant different (P < 0.05).
Postoperative pain (VAS) and functional (ODI) results are
shown in Figs. 5, 6.

During the follow-up period, two patients in the PKP
group suffered refractures in the injured vertebra (X-ray
images prompted that the injured vertebra occurred a
compression change again, and the patients felt signifi-
cantly lower back pain) and one patient had a fracture in
the adjacent vertebra; no further fractures occurred in the
PIF-PKP group. There were no instances of hardware
failure such as implant dislodgment or screw loosening,
bending or breakage in the PIF-PKP group, and no patient
required a revision procedure or surgery to remove their
internal fixation device.

Discussion

The present randomized controlled trial with over 2 years’
follow-up found that, for the treatment of thoracolumbar
burst fracture in elderly patients, percutaneous internal
fixation with PKP had significant advantages over simple
PKP in terms of postoperative lumbar back pain relief and
rapid recovery of motor function. The procedure involved
two minimally invasive techniques, an operative time of
about 1.5 h, blood loss within 100 ml and no increase in
postoperative complications. This clinical trial demon-
strates that percutaneous internal fixation combined with
PKP is effective and safe for the treatment of the elderly
patients.

Percutaneous kyphoplasty is one of the currently used
methods for the surgical treatment of elderly patients with
thoracolumbar burst fractures in spite of the cement leak-
age and other disputes [12-14]. It theoretically corrects

Table 2 Comparison of surgical parameters between PKP and PIF-PKP groups

Parameter PKP group PIF-PKP group P value
Operative time® (min) 33.36 + 8.97 (20 to 55) 99.48 + 11.94 (80 to 120) <0.05
Perioperative blood loss* (ml) Close to zero 53.48 + 19.83 (30 to 95)

Bone cement injection® (ml) 4.20 + 0.73 (3.10 to 5.40) 4.65 £ 0.73 (3.80 to 6.80) <0.05
Patients with bone cement leakage 10 4

Time from surgery to walking® (h) 12.23 4+ 4.80 (6 to 23) 13.05 + 3.68 (8 to 19) >0.05
Duration of hospitalization® (days) 5.86 £ 2.25 3 to 12) 5.67 £ 1.62 (4 to 10) >0.05

? Values are the mean and standard deviation, with the range in parentheses
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Fig. 2 Preoperative magnetic resonance image and postoperative
radiograph of typical cases treated with simple percutaneous
kyphoplasty (PKP). al Case 1, female, 66 years, T12 burst fracture,
fall from a height, bl at postoperative 1 week, ¢l at postoperative

kyphotic deformities, but in practice corrects kyphosis by
postural reduction [15, 16] and does not provide a strong
correctional force during the procedure. Therefore, patients
treated with PKP might be prone to residual kyphosis after
surgery. The lack of kyphosis correction may lead to the
spinal load force line moving forward and may result in the
stress concentration in the anterior column of the fractured
vertebra or the adjacent vertebral body. This is the main
reason for postoperative lumbar back pain in elderly
patients treated for thoracolumbar fractures and is an
important cause of refracture of the injured vertebra or
adjacent vertebral fracture [17]. However, percutaneous
internal fixation combined with PKP can not only

@ Springer

35 months, a2 Case 2, female, 65 years, T12 burst fracture, traffic
accident injury, b2 at postoperative 1 week, ¢2 at postoperative
28 months

effectively correct the kyphotic deformity by way of
internal fixation reduction, but also instantly strengthens
the anterior and middle spinal columns by the solidification
of bone cement in the vertebral body. This excellent
reduction and strong support aids rapid postoperative
rehabilitation in elderly patients, as has been confirmed by
biomechanical studies [18, 19].

Bone cement leakage is a common complication of PKP
in elderly patients. Bone cement that permeates into the
spinal canal can easily injure the spinal cord, and such
damage is more prone to aggravated in thoracolumbar burst
fractures involving posterior vertebral wall rupture. In the
present study, fractured vertebra exhibited an “eggshell”
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Fig. 3 Preoperative magnetic resonance image and postoperative CT
image of typical cases treated with percutaneous internal fixation with
PKP. a3 Case 3, female, 68 years, T12 burst fracture, motor-bicycle

like change after reduction by the internal fixation device,
which created a negative pressure space in the vertebral
body. Under these conditions, injection of thicker, more
dough-like bone cement became possible and leakage was
significantly reduced. Therefore, in surgery of percutane-
ous internal fixation with PKP, the entire process of frac-
tured vertebral strengthening became more safe and
effective.

Vertebral pedicle screws implanted into the spine of
elderly patients with thoracolumbar fractures are prone to
loosening, which is a relatively common complication. In
the present study, however, during the follow-up period of
over 2 years, none of the patients in the treatment group
exhibited loosening or shifting of their internal fixation
device, which differs from previous reports [5-7]. The
main reason for this difference may be that the anterior and

accident, b3 at postoperative 1 week, ¢3 at postoperative 31 months,
a4 Case 4, female, 70 years, L2 burst fracture, fall from a height, b4
at postoperative 1 week, ¢4 at postoperative 25 months

middle spinal columns of our patients were immediately
strengthened by the use of bone cement early after the
reduction by internal fixation. Another reason may be
related to bone density, because the degree of osteoporosis
in our patients was not severe. If, over a longer period of
follow-up, loosening of internal fixation occurs, the inter-
nal fixators should be removed. Meanwhile, we think that
an elderly patient with very severe osteoporosis may need
long segmental fixation, or the screw fixation augmented
with PMMA to avoid internal fixators loosening.
Percutaneous internal fixation with PKP was initially
applied in young and middle-aged patients with thoraco-
lumbar burst fractures [8—10]. However, we believe that it
is especially suitable for many elderly patients. Because the
procedure is minimally invasive and promotes a rapid
return to the activities of daily living, it may avoid the
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Fig. 4 Comparison of Cobb kyphosis angle between PKP and PIF-

PKP groups in the perioperative and follow-up periods; values are
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Fig. 5 Preoperative and postoperative visual analog scale scores in
PKP and PIF-PKP groups; values are represented as the mean and
standard error

many complications suffered by elderly patients who
remain in bed for a long period of time. However, percu-
taneous internal fixation with PKP is not always suitable
for all elderly thoracolumbar burst fracture patients.
Elderly patients who might need this procedure should
undergo a detailed preoperative assessment to clarify their
tolerance for surgery, to ensure operative safety.

Conclusions
Compared with simple PKP, percutaneous short-segment
pedicle screw internal fixation with PKP is more suitable

for the treatment of elderly patients with thoracolumbar
burst fractures. The advantages include greater strength of
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Postoperative time

Fig. 6 Pre-injury and postoperative Oswestry Disability Index scores
in PKP and PIF-PKP groups; values are represented as the mean and
standard error

the fractured vertebral body, effective maintenance of ky-
phosis angle correction, rapid relief of lumbar back pain
and promotion of early rehabilitation and ambulation. We
recommend percutaneous internal fixation with PKP for the
treatment of thoracolumbar burst fractures in selected
elderly patients.
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