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Study Design: A retrospective study.
Purpose: To clarify the differences among the three major surgeries for osteoporotic vertebral fractures based on the clinical and 
radiological results.
Overview of Literature: Minimally invasive surgery like balloon kyphoplasty has been used to treat osteoporotic vertebral fractures, 
but major surgery is necessary for severely impaired patients. However, there are controversies on the surgical procedures.
Methods: The clinical and radiographic results of patients who underwent major surgery for osteoporotic vertebral fracture were 
retrospectively compared, among anterior spinal fusion (group A, 9 patients), single-stage combined anterior-posterior procedure (group 
AP, 8 patients) and posterior closing wedge osteotomy (group P, 9 patients). Patients who underwent revision surgery were evaluated 
just before the revision surgery, and the other patients were evaluated at the final follow-up examination, which was defined as the 
end point of the evaluations for the comparison.
Results: The operation time was significantly longer in group AP than in the other two groups. The postoperative correction of kypho-
sis was significantly greater in group P than in group A. Although the differences were not significant, better outcomes were obtained 
in group P in: back pain relief at the end point; ambulatory ability at the end point; and average loss of correction.
Conclusions: The posterior closing wedge osteotomy demonstrated better surgical results than the anterior spinal fusion procedure 
and the single-stage combined anterior-posterior procedure.
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Introduction

The number of patients with vertebral fractures associat-
ed with osteoporosis has increased dramatically [1]. Most 
of the patients can be treated conservatively, but 13.5% 
develop pseudarthrosis [2]. Moreover, 3% develops late-

onset paresis [3]. Recently, minimally invasive surgeries, 
such as balloon kyphoplasty and vertebroplasty, have 
been used to treat osteoporotic vertebral fractures [4,5]. 
However, major surgery is still needed for severely im-
paired patients who lose walking ability with neurologic 
compromise. However, there are controversies on the 
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surgical procedures, which include anterior spinal fixa-
tion [6-9], combined anterior-posterior procedure and 
posterior closing wedge osteotomy [10].

In previous reports, two surgical procedures for os-
teoporotic fractures were compared based on the final 
follow-up status [11,12]. However, revision surgery is 
extremely demanding, both for elderly patients and sur-
geons, and may cause complications [13]. In the present 
study, the patients who underwent revision surgery were 
evaluated just before the revision surgery, and the others 
were evaluated at the final follow-up, defined as the end 
point of evaluation in the comparison.

The aim of this study was to elucidate the differences 
among the three major surgeries for osteoporotic vertebral 
fractures, using clinical and radiological investigations.

Materials and Methods

Study subjects were 41 consecutive patients who under-
went a major surgery for osteoporotic vertebral fracture 
from January 1998 to December 2009 in our hospital. 
Excluded were 2 patients with a previous surgery at the 
same spinal level, 4 patients with less than 180 days fol-
low-up and 9 patients who underwent other surgical pro-
cedures including posterior lumbar interbody fusion. Fi-
nally 26 patients (9 men and 17 women) were enrolled in 
this retrospective study. The patients were stratified into 
three groups by surgical procedure. Nine patients under-
went an anterior spinal fusion, 8 patients underwent a 
single-stage anterior and posterior combined procedure 
(group AP) and 9 patients underwent a posterior closing 
wedge osteotomy (group P). 

The average age at surgery was 72.2 years (range, 60–81 
years). The mean follow-up period was 38.5 months 
(range, 6.1–109 months). The indication for the operation 
was persistent neurological deficit. No patient had under-
gone a previous spinal surgery at the same site.

The etiologies were falls in 13 patients, lifting a heavy 
load in 3, bowling in 1, and unknown in 9. The affected 
vertebrae were T10 in 1 patient, T11 in 3, T12 in 8, L1 
in 8, L1 and L2 (2-level vertebral fracture) in 2, L2 in 3, 
L3 in 2, and L4 in 1. Nineteen patients (73%) suffered a 
transient lesion (T11–L1). All patients had osteoporosis 
greater than Saville grade II [14]. The mean duration be-
tween onset and surgery was 12.1 months (range, 1.2–68.8 
months). Revision surgery was defined as any procedure 
that was required due to severe pain or neurological dete-

rioration during the follow-up period.
Patients who underwent revision surgery were evalu-

ated just before the revision surgery, and the other pa-
tients were evaluated at the final follow-up examination, 
which was defined as the end point of the evaluation for 
the comparison.

Patient characteristics, including sex, age at surgery, 
body mass index (BMI), operating time, blood loss and 
clinical outcome, which consisted of back pain, urinary 
dysfunction, and ambulatory ability, were compared. The 
radiographic findings, including compressed morphol-
ogy, kyphosis angle, pre-existing vertebral fractures and 
postoperative vertebral fractures, were also examined. 
The protocol was approved by the institutional review 
boards of the hospital.

1. Clinical evaluation

The severity of the back pain (back pain score) was evalu-
ated as follows: 0, intolerable severe pain despite using 
analgesics; 1, able to control pain using analgesics; 2, 
within tolerable levels without analgesics; and 3, almost 
none. Eight patients were rated as grade 0, 14 were grade 
1, and 4 were grade 2 before surgery. Urinary dysfunc-
tion was classified into four grades (urinary dysfunction 
score): 0, urinary retention or urinary incontinence; 1, 
residual urine; 2, frequent urination or difficulty in start-
ing urination; and 3, normal. Urinary dysfunction before 
surgery was grade 0 in 3 patients, grade 1 in 2, grade 2 in 
4, and grade 3 in 17. Ambulatory ability including neu-
rological function was assessed by a modified Frankel 
grading system without evaluation of urinary dysfunc-
tion (Table 1) [15,16]. The preoperative modified Frankel 
grade was C1 in 2 patients, C2 in 8, D1 in 8, and D2 in 8.

2. Radiologic evaluation

The radiologic data for 20 out of 26 patients were available. 
Morphology of the fractured vertebra was classified into 
two groups: burst fracture type with middle column col-
lapsed and compression fracture type with middle column 
intact. The kyphosis angle was determined by the Cobb 
angle method on lateral radiographs, as the angle between 
the upper endplate of the uninvolved vertebra above the 
fractured level and the lower endplate of the uninvolved 
vertebra below the fractured level. The kyphosis angle was 
assessed before surgery, immediately after surgery and 
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at the end point. The correction angle was defined as the 
difference between the preoperative and the immediately 
postoperative kyphosis angles. The correction loss was cal-
culated by the difference between the kyphosis angle im-
mediately after surgery and that at the end point.

3. Surgical procedures

In group A, for anterior column support, cylindrical tita-
nium cages were used in 7 patients, and autologous iliac 
bone grafts were used in 2. Additionally, anterior verte-

bral plates were placed in 7 patients. In group AP, for an-
terior column support, autologous iliac bone grafts were 
harvested in 5 patients, and cylindrical titanium cages 
were used in 3 patients. For posterior instrumentation, 
pedicle screws were inserted from two levels above to two 
levels below the affected vertebra in 5 patients, spinous 
process plates were used in 2, and a hook-claw system was 
used in 1. In group P, pedicle screws were inserted from 
two levels above to two or three levels below the affected 
vertebra in 7 patients (Fig. 1), and spinous process plates 
were used in 2. Decompression and a vertebral shorten-

Table 1. Modified Frankel grade

A    Complete motor and sensory loss

B    Preserved sensation only, voluntary motor function absent

C    Preserved motor less than fair grade (nonfunctional for any useful purpose)
      C1 Manual muscle testing grade approximately 1 or 2 in the lower limbs 
      C2 Manual muscle testing grade approximately 3 in the lower limbs, able to flex knee in the supine position 

D    Motor useful
      D1 Able to walk less than 100 m indoors 
      D2 Able to walk with a cane, walker or crutches even out of doors
      D3 Independent ambulation without support

E    Complete motor and sensory function normal (may still have abnormal reflexes).

Urinary dysfunction is not included. If the assessment is uncertain, it is categorized into the lower grade.

Fig. 1. A 78-year-old woman had back pain after falling down, having developed an L1 vertebral fracture of burst fracture type (A). 
A neurological deficit developed 3 weeks after onset. When she was admitted to our hospital, she was unable to walk indepen-
dently. The preoperative back pain score was grade 1, the urinary dysfunction score was grade 3, and the modified Frankel grade 
was C1. She underwent posterior subtraction osteotomy for the L1 vertebra with posterior instrumentation from T10 to L4 (B). 
Pedicle screws and sublaminar wiring were used in the instrumentation. The local kyphosis was corrected from 26° before surgery 
to 8° right after surgery. The kyphosis remained almost unchanged at 9°, and bone union was obtained at the end point (C). The 
back pain was relieved to grade 3 at the end point. Similarly, the modified Frankel grade recovered to D2.

A B C
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ing procedure were performed according to the previous 
reports [10,11]. The average years of experience were 20.4 
years (7.3-32.6 years) for the surgeons in this study. For 
the three surgeries performed by surgeons with less than 
10 years of experience, senior surgeons with over 20 years 
of experience assisted.

4. Statistical analysis 

PASW ver. 18 (SPSS Inc., Chicago, IL, USA) was used 
for the analysis. p<0.05 were considered significant when 
comparing two groups, using the Mann-Whitney U test 
and Fisher’s exact test. To compare three groups, the 
Kruskal-Wallis test was used. When there was a signifi-
cant difference, the Mann-Whitney U test was used to 
compare two groups with a significant difference, defined 
as a p-value <0.017, using the Bonferroni adjustment.

Results

Group A, group AP, and group P were comparable with 
respect to the sex ratio, age at surgery, BMI, time between 
onset and surgery and the follow-up period (Table 2). 
There were no significant differences among the three 
groups in preoperative back pain, urinary dysfunction, 
modified Frankel grade (Table 3), kyphosis angle and pre-
existing vertebral fractures (Table 4). The selection of the 
surgical procedure was not controlled in this study, but 
there was no disparity in the preoperative status of the 
three groups.

Preoperative back pain and urinary dysfunction were 
significantly improved at the end point in group A 
(p=0.021), group AP (p=0.038), and group P (p=0.007). 
There were significant improvements in the modi-

fied Frankel grade, in group AP (p=0.041) and group P 
(p=0.034), from before surgery to the end point. There 
was no significant difference in group A in the modified 
Frankel grade, between before surgery and at the end 
point (p=0.206). 

The operation time was significantly longer in group 
AP than in the other two groups (group AP vs. group A, 
p=0.006 and group AP vs. group P, p=0.004), whereas the 
three groups were comparable in blood loss (Table 3).

Although the differences were not significant, the back 
pain score was higher in group P than in group A and 
group AP at the end point (p=0.05, p=0.07). There were 
no significant differences in urinary dysfunction among 
the three groups at the end point. The modified Frankel 
grade was better in group P than in group A at the end 
point, but the difference was not significant (p=0.04). The 
difference between group AP and group P was not sig-
nificant (p=0.28) (Table 4). 

The correction angle immediately after surgery was sig-
nificantly greater in group P than in group A (p=0.005). 
The correction loss was greater in group AP than in 
group P, but the difference was not significant (p=0.02). 
The difference between group A and group P was also not 
significant (p=0.78).

Overall, 4 of 6 patients in group A, 1 of 5 in group AP, 
and 4 of 9 in group P had subsequent postoperative ver-
tebral fractures. All subsequent vertebral fractures were 
controlled conservatively. The earliest of them occurred 
one month after surgery. Six of the nine subsequent frac-
tures contained the cranial end of the instrumentation.

1. Revision surgery

Revision surgery was performed in 3 of 9 group A pa-

Table 2. Patient demographics 

Group A Group AP Group P p-value

No. of patients 9 8 9 -

Male:female 5:4 1:7 3:6 0.264a)

Age at surgery (yr)   72.1±4.5 (67–81)   70.6±6.9 (60–80)   73.8±3.4 (68–78) 0.463b)

Body mass index (kg/m2)   22.1±3.0 (16.0–25.3)   23.8±3.2 (19.1–30.3)   24.4±2.9 (21.0–28.6) 0.383b)

Duration between the onset and 
   surgery (mo) 14.2±21.0 (1.4–68.8) 12.3±11.2 (2.0–36.9)   10.1±9.3 (1.2–29.3) 0.799b)

Follow-up period (mo) 33.0±27.0 (6.1–68.9) 46.8±34.4 (10.3–109.8) 41.6±16.7 (23.8–72.8) 0.795b)

Values are presented as mean±standard deviation (range). There are no significant differences among the three groups.
a)Fisher’s exact test; b)Kruskal-Wallis test.
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tients, 4 of 8 group AP patients (including only a removal 
of instrumentation in 2) and in 1 of 9 group P patients. 
After excluding removal of instrumentation only in 2 
patients, in the other 6 revision surgeries, the average 
operating time was 292 minutes, and the average blood 
loss was 1,375 mL, which were extremely demanding for 
the elderly patients. The revision procedures are shown 
in Table 5. In two patients in group A, a removal of the 
anterior cages was needed during the revision surgeries 
(Fig. 2). Two patients in group AP required a removal of 
the posterior instrumentation due to skin protrusion. The 
remaining two patients in group AP required extension 
of the posterior instrumentation owing to sinking of the 
anterior cage. One patient in group P required a revision 

surgery due to the failure of a spinous plate.
Four patients developed early postoperative complica-

tions. Postoperative pneumonia developed in 1 patient, 
postoperative pleural effusion occurred in 1, and super-
ficial infection at the iliac crest was seen in 1 patient in 
group A. In group AP, a patient developed acute intensive 
care unit psychosis. There were no postoperative early 
complications in group P. There were no deep wound in-
fections in this study group.

Discussion

When performing a surgery for osteoporotic vertebral 
fractures, three aspects must be considered: patient fac-

Table 3. Clinical evaluation 

Grade Group A Group AP Group P
Three-group 
comparison 

p-valuea)

Two-group 
comparison 

p-valueb)

Back pain score before surgery 0
1
2
3

2
6
1
0

3
4
1
0

3
4
2
0 0.883

Back pain score at the end point 0
1
2
3

1
1
6
1

1
3
2
2

0
0
4
5 0.058 A-P: 0.050

Urinary dysfunction score before surgery 0
1
2
3

1
0
0
8

1
1
2
4

1
1
2
5 0.289

Urinary dysfunction score at the end point 0
1
2
3

1
0
0
8

1
0
1
6

0
1
2
6 0.656

Modified Frankel grade before surgery B
C1
C2
D1
D2
D3

0
0
5
3
1
0

0
1
2
2
3
0

0
1
1
3
4
0 0.377

Modified Frankel grade at the end point B
C1
C2
D1
D2
D3
E

0
0
2
5
1
1
0

0
0
1
3
3
0
1

0
0
1
0
6
1
1 0.089 A-P: 0.040

Although the differences are not significant, group P shows better outcomes with respect to back pain relief and ambulatory ability at the end point 
than group A.
a)Kruskal-Wallis test; b)Mann-Whitney U test.
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tors, surgeon factors and surgical procedures. Patient 
factors include 1) localization of compression if anterior 
and/or a posterior site is involved; 2) severity of osteopo-
rosis, especially pre-existing multiple vertebral fractures; 

Table 4. Radiologic characteristics, operation time, and blood loss

Characteristic Group A Group AP Group P
Three-group 
comparison 

p-value

Two-group 
comparison 

p-value

Operation time (min) 256±68 
(131–365)

347±66 
(280–466)

248±62 
(173–365)

0.007a) A-AP: 0.006b)

P-AP: 0.004b)

Blood loss (mL) 1,644±1,159
(50–3700)

1,800±1,383
(400–4300)

956±505
(400–1,800)

0.233a)

Preoperative affected vertebra 
   morphology (burst fracture: 
   compression type) 

6:0 3:2 8:1 0.297c)

Pre-existing vertebral fracture 2 3 4 0.689a)

Postoperative vertebral fracture 4 1 4 0.320a)

Kyphosis 

   Preoperative 22.0±19.2
(1.0–46.0)

27.7±14.8
(11.5–48.0)

33.7±17.2
(5.0–60.9)

0.424a)

   Immediate postoperative 18.3±15.9
(1.0–40.0)

12.7±16.9
(-12.6–29.0)

14.9±9.4
(-1.0–24.0)

0.970a)

   At the end point 29.5±21.9
(12.0–60.0)

31.5±18.0
(6.7–53.0)

26.0±11.2
(8.7–41.8)

0.926a)

   Correction 3.7±3.9
(0–11.0)

15.0±11.0
(1.0–28.0)

18.9±11.2
(2.0–41.2)

0.027a) A-P: 0.005b)

   Correction loss 11.2±8.6
(0–25.0)

18.9±3.7
(14.0–24.0)

11.1±12.6
(1.0–43.0)

0.063a) P-AP: 0.020b)

Values are presented as mean±standard deviation (range).
a)Kruskal-Wallis test; b)Mann-Whitney U test; c)Fisher’s exact test.

and 3) general medical condition of the patients, includ-
ing pulmonary or cardiovascular diseases. The surgeon 
factor is the surgeon’s experience. Various surgical pro-
cedures have recently been advocated for osteoporotic 

Table 5. Revision surgery

Group Operative procedure Operation time (min) Blood loss (mL)

A-1 PLF with PS 112 650

A-2 Removing anterior cage, adding posterior 
fixation with PS 294 700

A-3 Removing anterior cage, adding posterior 
fixation with PS 482 1,200

AP-1 Removing instrumentation   76 80

AP-2 Removing instrumentation   50 50

AP-3 Elongating posterior fixation with PS 250 2,600

AP-4 Adding posterior fixation with PS 300 1,600

P-1 Adding posterior fixation with PS 315 1,500

Average 235 964

Average without AP-1 and AP-2 284 1,221

PLF, posterolateral fusion; PS, pedicle screws.
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vertebral fractures, such as anterior spinal fusion, ante-
rior-posterior combined surgery, posterior subtraction 
osteotomy, posterior approach decompression and fusion 
[17], posterior fusion with cementing [18] and posterior 

fusion without instrumentation [19]. No prospective 
studies have been reported, not only because of the rar-
ity of indications for open surgical intervention for this 
population, but also because of the difficulty in compar-

Fig. 2. A 72-year-old woman with Parkinson’s disease developed back pain. The cause of her T11 vertebral fracture was unclear 
(A). The morphology of the fracture was burst fracture type. She was admitted to our hospital 5 years after the back pain started. 
Her chief complaint was severe back pain and difficulty in walking independently. The preoperative back pain score was grade 1, 
the urinary dysfunction score was grade 3, and the modified Frankel grade was D2. Anterior fusion was performed using a tita-
nium cage as an anterior strut. Four days after surgery, the cage subsided into the caudal vertebral body (B). The cage subsidence 
showed a gradual increase over time (C). One year after the initial surgery, she developed an L2 vertebral fracture. At that point, 
her back pain score and modified Frankel grade decreased to grade 0 and D1, respectively. The anterior strut was removed, and 
posterior instrumentation with subtraction osteotomy and sublaminar wiring was added from three levels above to three levels 
below the affected vertebra in the revision surgery to salvage the situation (D). The preoperative kyphosis of 46° decreased to 35° 
immediately after surgery, but it increased to 60° immediately before the salvage operation. Two years after the salvage operation, 
the kyphosis was 45°, the back pain score was grade 2, the urinary dysfunction score was grade 3, and the modified Frankel grade 
was D2 (E).

A B C

D E
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ing several procedures with similar patient conditions 
and an identical operator. In the previous reports, some 
surgical procedures were compared at the final follow up. 
As mentioned above, revision surgeries carry very high 
risks. The comparison at the final follow-up is thought to 
be inadequate for the comparison between some proce-
dures. In this study, the comparison was performed at the 
end point. The patients who underwent revision surgery 
were evaluated just before the revision surgery, and the 
others were seen at the final follow-up, which was defined 
as the end point of evaluation for the comparison.

Several authors proposed that anterior spinal fusion is 
safe because of the direct visualization of the decompres-
sion site and the preservation of the posterior support 
tissues [2,6-8]. They have also stated that the procedure 
can resolve both the anterior instability and the com-
pression in one stage. However, poor bone quality in the 
adjacent vertebrae, as well as the collapsed vertebra, may 
cause subsidence of anterior grafts. Consequently, relapse 
of kyphosis can lead to revision surgery. Kanayama et al. 
[9] reported that only 15% of single-level anterior fusions 
underwent revision surgery, but 40% of two-level surger-
ies necessitated additional posterior fusion. Taneichi et 
al. [3] also pointed out that in 50% of anterior surgeries, 
a revision surgery is needed. In this study, 3 of 9 patients 
in group A showed postoperative progression of kypho-
sis and required revision surgery. The patients in group 
A experienced neurological improvements right after 
the operation. However group A included three revi-
sion operations in which the patients’ neurological status 
was deteriorated right before the revision surgery. The 
neurological deterioration led to non-significant changes 
in group A regarding the results of modified Frankel 
grade at the end point. Moreover, in order to prevent the 
subsidence, it is important for surgeons to choose an ap-
propriate anterior strut in terms of the size and the insert 
direction.

Suk et al. [11] reported that posterior subtraction os-
teotomy is technically demanding, but less invasive than 
anterior and posterior combined surgery. The two surgi-
cal procedures were comparable in their clinical results. 
They concluded that posterior subtraction osteotomy was 
a favorable option. In this study, the operation time was 
significantly longer in group AP than in the other two 
groups. The postoperative correction of kyphosis was sig-
nificantly greater in group P than in group A. Although 
the differences were not significant, better outcomes 

were obtained in group P in 1) back pain relief at the end 
point; 2) ambulatory ability at the end point; 3) average 
loss of correction; and 4) a lower incidence of revision 
surgery. Group P had better surgical results at the end 
point.

However, posterior subtraction osteotomy also has 
some potential risks. As in the revision surgery for the 
procedure in this study, a beak-like appearance can lead 
to instrumentation failure. Moreover, spinal shortening 
could increase the protrusion of the posterior column 
of the affected vertebral body. Intraoperative ultrasound 
imaging is useful and recommended to detect the pro-
trusion [20]. Other authors reported that there was a 
significant difference between the correction angle and 
postoperative instrument failure. They proposed that 
overcorrection should be avoided to prevent postopera-
tive instrument failure. The mean correction angle in the 
group with instrument failure after surgery was 26.4°, 
whereas that in the group without instrument failure was 
17.5° [21].

Conclusions

Operation time was significantly longer in group AP than 
in the other two groups. The postoperative correction 
of kyphosis was significantly greater in group P than in 
group A. Although the differences were not significant, 
group P showed better outcomes with respect to back 
pain relief at the end point, ambulatory ability at the end 
point and average loss of correction.
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