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Three Different Methods in Deformity Correction
of Degenerative Flat Back: A Single Surgeon’s
Experience with 64 Consecutive Cases
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Study Design: Retrospective study.

Purpose: To evaluate the radiological and clinical results of three different methods in the deformity correction of a degenerative flat back.
Overview of Literature: There are no comparative studies about different procedures in the treatment of degenerative flat back.
Methods: Sixty-four patients who consecutively underwent corrective surgery for degenerative flat back were reviewed. The opera-
tions were performed by three different methods: posterior-only (group P, n=20), one-stage anterior-posterior (group AP, n=12), and
two-stage anterior-posterior with iliac screw fixation (group AP-I, n=32). Medical and surgical complications were examined and ra-
diological and clinical results were compared.

Results: The majority of medical and surgical complications were found in group AP (5/12) and group P (7/20). The sagittal verti-
cal axes were within normal range immediately postoperatively in all groups, but only group AP-I showed normal sagittal alignment
at the final follow-up. Postoperative lumbar lordosis was also significantly higher in group AP-I than in group P or group AP and the
finding did not change through the last follow-up. The Oswestry disability index was significantly lower in groups AP and AP-I than
in group P at the final follow-up. Meanwhile, the operating time was the longest in group AP-I, and total amount of blood loss was
larger in group AP-I and group AP than in group P.

Conclusions: Anterior-posterior correction showed better clinical results than posterior-only correction. Two-staged anterior-
posterior correction with iliac screw fixation showed better radiological results than posterior-only or one-staged anterior-posterior
correction. Two-staged anterior-posterior correction with iliac screw fixation also showed a lower complication rate than one-staged
anterior-posterior correction.
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Introduction in elderly patients with co-morbidities and osteoporosis.

Recently, surgical procedures using the posterior-only

For a spine surgeon, thoracolumbar deformity correction approach have been widely used. The Smith-Petersen
is the most challenging operation due to its high compli- osteotomy (SPO), pedicle subtraction osteotomy (PSO),
cation rate and unreliable long-term results, especially posterior vertebral column resection (PVCR), and pos-
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Table 1. Patient demographics

Characteristic Group P
No. of patient 20
Age (yr) 64.5 (57-74)
Sex (male:female) 1:19
Bone mineral density” -25(-4.1t00.3)
Diabetes (no. of patient) 1
Hypertension (no. of patient) 7
Diagnoses
Lumbar degenerative kyphosis 15
Degenerative kyphoscoliosis 3
latrogenic flat back 2
Follow-up (mo) 51.8(12-104)

Group AP

65.9 (56-77)

37.0(25-58)
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Group AP-| p-value
12 32
65.6 (54-75) 0.432, 0.372, 0.837
1M 3:29
-19(-3.7t0-04) ~1.8(-4.0t01.0) 0.328, 0.230, 0.853
1 4 0.812, 0.433, 0.688
3 13 0.376, 0.971, 0.349
10 22
0 7
2 3
16.1(12-25) 0.107, <0.001", <0.001"

p-value: group P vs. group AP, group P vs. group AP-1, group AP vs. group AP-1 in order.
Group P, posterior-only; group AP, anterior-posterior; group AP-I, anterior-posterior with iliac screw fixation.

IMean T-score of lumbar spine; "p<0.001.

terior lumbar interbody fusion (PLIF) can be performed
through the posterior approach and several studies have
reported favorable results; however, other studies have re-
ported high complication rates associated with the poste-
rior approach when it is used in thoracolumbar deformity
correction [1-9]

Meanwhile, although the combined anterior-posterior
approach increases operative time and blood loss, it has
been used in a thoracolumbar fusion in order to increase
the fusion rate or construct stiffness and decreasing
subsidence risk [10,11] Therefore, if the complication
rates associated with the anterior-posterior approach are
diminished, a combined anterior support and posterior
instrumentation may be the best method for a long level
fusion, such as degenerative flat back correction, in elder-
ly patients with a high risk of nonunion or osteoporosis.
Furthermore, anterior supports guarantee a higher angle
of lower lumbar lordosis (L4-S1), similar to normal phys-
iologic lumbar lordosis and better effects of neural tissue
decompression [11]. However, little data have been shown
regarding the advantages of the combined anterior-poste-
rior operation in thoracolumbar deformity correction.

To date, there is no established data regarding the ad-
vantages and disadvantages of the anterior or posterior
approach and one-staged or two-staged operations in the
deformity correction of degenerative flat back. The aim of
this study is to evaluate safety and radiological and clini-
cal results of three different methods in the deformity
correction of degenerative flat back.

Materials and Methods

1. Patients

From August 2002 to December 2010, 64 patients who
underwent corrective surgery for degenerative flat back
were reviewed retrospectively in this study. The opera-
tions were performed consecutively in the following or-
der: posterior only, and then one-stage anterior-posterior,
followed by two-stage anterior-posterior with iliac screw
fixation. The groups were as follows: posterior-only (group
P, n=20), one-stage anterior-posterior (group AP, n=12),
and two-stage anterior-posterior with iliac screw fixation
(group AP-I, n=32). Preoperative demographic data were
comparable among the three groups (Table 1).

Our inclusion criteria were as follows: four cardinal
symptoms of lumbar degenerative kyphosis, severe re-
striction of activities of daily living, failure to respond to
conservative treatment for at least six months, agreement
with postoperative functional disability, and global sagittal
imbalance with compensatory mechanism of the pelvis.

The study protocol was approved by the institutional
review board at our institution.

2. Surgical procedures
All operations were performed by single senior author

(KTK). The proximal fusion end vertebra (T7-L2) was de-
termined by the degree of sagittal imbalance in the whole
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Table 2. Operative data

Characteristic Group P

Approach Posterior only
Two stage operation No
Operation sequence P
Iliac screw fixation No
Fused levels (range) 8.0 (5-11)
Osteotomy
PSO 9
Partial PSO 0
Corpectomy 3
Inter body fusion
ALIF level No
PLIF level 1.8(1-3)

Group AP Group AP-I|
A-P combined A-P combined
No All
P+A+P P+A+P
No All
6.5 (4-10) 7.1(5-10)
3 1
0 7
1 2
2.8(1-4) 2.7(2-4)
No No

Group P, posterior-only; group AP, anterior-posterior; AP-I, anterior-posterior with iliac screw fixation; A-P, anterior and posterior; P. posterior ap-
proach; P+A+P, posterior+anterior+posterior approach; PSO, pedicle subtraction osteotomy; ALIF, anterior lumbar interbody fusion; PLIF, posterior

lumbar interbody fusion.

spine standing lateral X-ray film before the surgeries. A
distal fusion was carried out to the S1 in all three groups.
Sacropelvic fixation with iliac screws was performed in
all cases of group AP-I. To evaluate neurological dam-
age during the operation, intraoperative somatosensory
evoked potential and motor evoked potential monitoring
were used, especially before and after the corrective oste-
otomy.

1) Group P

Patients were positioned on a 4-poster frame and both
hip joints were hyper-extended. In order to correct the
kyphotic deformity, PSO was performed in 9 cases. PVCR
was performed in 2 cases and 1-3 segmental PLIF was
performed in 13 cases. In patients with spinal stenosis,
decompression was carried out. After the decortications
of the lamina, posterior fusion was performed with local
autologous bones and irradiated allo-chip bones.

2) Group AP

The anterior and posterior approach was carried out on
the same operation day. The sequence of all operations
was posterior to anterior to posterior.

Posterior approach I: the patients were placed on a Wil-
son frame. After the pedicle screw insertion, facetectomies
were carried out at the fusion levels. At the same time,
decompression was carried out for the stenotic levels.

Anterior approach: the paramedian retroperitoneal ap-

proach was used in the supine position and 1-4 anterior
lumbar interbodyfusion (ALIF) was performed, depend-
ing on the individual case.

Posterior approach II: patients were positioned on a
4-poster frame and both hip joints were hyper-extended.
After connecting rods, corrections were performed by
compressing between the pedicle screws of the ALIF and
facetectomy levels and then the rods were fixed. Addition-
al PSO was performed in 3 cases (L2, 2 cases; L3, 1 case)
that showed insufficient lumbar lordosis with the above
method. Posterior fusion was conducted the same as in
the other groups.

3) Group AP-I

Two-staged surgeries were carried out with a one-week
interval. During the first stage, the posterior approach in-
cluding screw insertion, facetectomy, and decompression
was carried out. The second stage operation with the ante-
rior and secondary posterior approach was performed one
week later. Most of the procedures were same as in group
AP. Additional corrections were performed in 1 case with
PSO (L2) and 7 cases with partial PSO (T11, 1 case; T12, 1
case; L3, 5 cases). In all cases of group AP-I, the spinopel-
vic fixation using the iliac screws was carried out (Table 2).

3. Radiological evaluation

Radiological parameters consisted of sagittal vertical axis
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(SVA), thoracic kyphosis (TK), lumbar lordosis (LL),
segmental angle of L4-5-S1 (LSA), and pelvic incidence
(PI). SVA, TK, LL, LSA, and PI were measured before the
surgery, after the surgery, and at the final follow-up.

For the SVA, a vertical distance was measured between
the C7 plumb line and the posture superior corner of S1.
Positive sagittal imbalance and negative sagittal imbalance
were defined by positive and negative values, respectively.
For the TK, Cobb’s angle between the upper end plate of
T4 and the lower end plate of T12 was measured. For the

Fig. 1. Three whole spine lateral X-rays at the last follow-up representing the three different groups. (A) Sixty-eight-year-old fe-
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LL, Cobb’s angle between the upper end plate of L1 and the
upper end plate of S1 was measured. For the LSA, Cobb’s
angle between the upper end plate of L4 and the upper
end plate of S1 was measured. All indexes were measured
on the whole spine standing lateral X-ray utilizing a PACS
system (7 View, Infinitt, Seoul, Korea) (Fig. 1). To mini-
mize inter- and intra-observer errors, two independent
orthopedic surgeons, who were not involved in the opera-
tion or treatment of the patients, evaluated the digitized
radiographs twice. Inter- and intra-observer intraclass cor-

male with lumbar degenerative kyphosis underwent deformity correction surgery through the posterior-only approach. This X-ray
shows pedicle subtraction osteotomy on the L3 (black arrow), and posterior lumbar interbodyfusionon at the L4-5 and L5-S1 levels
(white arrows) three years postoperatively. This patient showed loss of lumbar lordosis from —27.8° to —23.3°. (B) One-staged
anterior-posterior correction was performed in this patient (65-year-old female). A multi-level anterior lumbar interbody fusion was
performed on L2-S1 (white arrows). In this patient, although lumbar lordosis was well-maintained until postoperative 2 years and
6 months, the sagittal vertical axis deteriorated from 1 to 7.5 cm. (C) Sixty-seven-year-old female also underwent kyphosis cor-
rection using the two-staged anterior and posterior combined approach. This photograph shows the multi-levels anterior lumbar
interbodyfusion on the L3-S1 levels (white arrows) and spinopelvic fixation with iliac screws (black arrow). Lumbar lordosis and
sagittal vertical axis were maintained through three years postoperatively.
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Table 3. Perioperative complication

Variable Group P
Medical complication
Pneumonia 0
Pulmonary edema 2
Paralytic ileus 0
Mechanical
Rod breakage i
Screw pull out 79
Nonunion 3(19)
Screw malposition 0
Anterior approach related
Transient neurologic deficit 1
Superficial infection 0
Hematoma 79
Total 9

Group AP Group AP-I
1 1
2 1
2 0
0 0
0 0
0 0
79 0
i 0
2 0
1 1
0 0

10 3

Total complication rate: group P and AP-I, p=0.20 (chi-square test); group AP and AP-1, p<0.001 (Fisher exact test).
Group P, posterior-only; group AP. anterior-posterior; AP-I, anterior-posterior with iliac screw fixation.

“Revision operation; "Vessel injury.

relation coeflicients of the radiographic measurement were
0.881 (0.755-0.946) and 0.932 (0.773-0.958), respectively.

4. Clinical evaluation

Medical records were checked in order to analyze the
clinical results, including the duration of the surgery, in-
traoperative blood loss, amount of postoperative drainage,
and complications. The visual analogue scale (VAS) on the
back and leg and Oswestry disability index (ODI) were
measured and compared before surgery, immediately after
surgery, and at the last follow-up. Hospitalization periods
were also evaluated and compared among the groups.

5. Statistical analysis

Statistical analysis was performed by a professional
medical statistical consultant using SPSS ver. 19.0 (IBM
Co., Armonk, NY, USA). Values were recorded as mean
(minimum-maximum). Analysis of variance was used for
analysis to determine whether there were any significant
differences among the three groups. Significance was ac-
cepted for a p-value of <0.05. Tukey’s honest significant
difference test was used for post-hoc analysis.

Results

1. Medical and surgical complications and revision operation

Medical complications were the highest in group AP
(5/12) and surgical complications were the highest in
group P (7/20). Revision surgery was performed for the
cases that showed surgical complications: 4 cases in group
P (rod breakage, 1 case; pedicle screws pull out, 1 case;
nonunion, 1 case; hematoma, 1 case) and 1 case in group
AP (pedicle screw malposition, 1 case). There were no
patients in AP-I group who required the revision surgery
(Table 3).

2. Radiological results

SVA were within the normal range immediately following
the opeartions in all groups and there were no signifi-
cant differences among the three groups. However, only
group AP-I showed normal sagittal alignment at the last
follow-up (P, 11.4 cm; AP, 11.0 cm; AP-I, 0.5 cm/P vs.
AP, p=0.887; P vs. AP-I, p<0.001; AP vs. AP-I, p<0.001).
The preoperative mean LL was not significantly differ-
ent among the three groups. However, LL immediately
after the operations was the highest in the group AP-I
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Table 4. Radiologic results
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Variable Group P Group AP Group AP-I p-value
Spino-pelvic parameters
Pelvic incidence (°)
Preoperative 57.7 (48.4-66.1) 59.9 (46.12—-72.46) 56.2 (32.58-76.19) 0.415,0.522, 0.231
Last follow-up 61.1(49.8-72.1) 63.4 (55.3-74.15) 56.0 (36.47-73.25) 0.359, 0.0477, 0.006”
Sacral slope (°)
Preoperative 18.3 (7.5-36.0) 15.8 (—6.54 t0 31.85) 20.1(7.77-36.26) 0.514,0.410, 0.168
Last follow-up 27.1(16.5-40.4) 28.4(13.5-48.1) 34.1(25.84-49.92) 0.772,0.009, 0.063
Pelvic tilt (°)
Preoperative 39.453 (17.4-58.0) 440 (38.09-52.66) 36.1(24.08-42.85) 0.270,0.273,0.052
Last follow-up 33.3(14.9-52.8) 35.0(24.71-43.01) 22.0(10.63-26.23) 0.655, <0.001”, <0.001”
Sagittal vertical axis (cm)
Preoperative 25.6 (5.1-38.7) 23.0(5.5-37.7) 21.2(6.1-40.5) 0.542, 0.088, 0.571
Postoperative 3.7(-3.2t012.0) 3.6(-7.1105.0) 0.7 (-6.81t08.4) 0.770,0.084,0.134
Last follow-up 11.4(1.1-26.6) 11.0(1.3-25.1) 05(-6.4109.1) 0.887, <0.001”, <0.001”
Thoracic kyphasis (°)
Preoperative 9.4(-20.2 to 48.3) 21.4(2.7-53.9) 9.9(-17.4t029.4) 0.124,0.913,0.0417
Postoperative 23.8(8.8-49.4) 22.0(6.8-38.8) 25.2(9.3-40.5) 0.647,0.642, 0.352
Last follow-up 34.8(10.1-65.6) 26.1(2.8-51.3) 34.2 (22.0-60.3) 0.106, 0.870, 0.027"

Lumbar lordosis (°)

18.7 (-24.8t069.1)
—-36.2 (-63.8t0 —9.5)
—24.9 (—42.4 t0 41.0)

Preoperative
Postoperative
Last follow-up
Lumbosacral angle (°)
0.3(-28.3t028.1)
-16.5(-38.1t0 5.0)
—11.9(-33.4 t0 13.6)

Preoperative
Postoperative

Last follow-up

15.3(~14.3 t0 40.8)
—37.8(-59.4 to —28.8)
—29.6 (1.6 to —48.8)

—4.1(-25.1t05.7)
-20.5(-36.5t0 -5.1)
-18.3(-32.5t0 -5.3)

8.4(-20.51037.7)
—49.7 (-62.6 to 27.2)
—47.7 (-64.1t0 -18.3)

0.655, 0.051, 0.269
0.688, <0.001", <0.001"
0.422, <0.001”, <0.001"

—4.0(-35.4 t0 25.1)
-34.1(-53.0t0o —17.6)
-33.5(-51.9t0-14.1)

0.210, 0.278, 0.982
0.323, <0.001", <0.001"!
0.111, <0.001", <0.001"

Group P, posterior-only; group AP, anterior-posterior; group AP-1, anterior-posterior with iliac screw fixation.
p-value: group P vs. group AP, group P vs. group AP-I, group AP vs. group AP-1 in order.

Ip<0.05; "p<0.001.

(P, -36.2% AP, -37.8% AP-I, -49.7°/P vs. AP, p=0.688; P
vs. AP-1, p<0.001; AP vs. AP-I, p<0.001) and was well-
maintained through the last follow up. The postoperative
LLs of group P and group AP were significantly decreased
at the last follow-up (P, p=0.021; AP, p=0.043), but not in
group AP-I (p=0.139). The restoration of LSA was also
highest in group AP-I immediately postoperatively (P vs.
AP, p=0.323; P vs. AP-I, p<0.001; AP vs. AP-I, p<0.001)
and was well-maintained through the last follow up (Table
4, Fig. 1).

3. Clinical results

The preoperative VAS for back and leg pain and ODI
were not significantly different among the three groups,
but at the last follow-up, the ODI was significantly lower
in group AP and group AP-I than in group P (P vs. AP,
p=0.043; P vs. AP-I, p=0.006; AP vs. AP-I, p=0.546).
Meanwhile, the duration of the operation was longer
in group AP-I than in group P or group AP (P vs. AP,
p=0.024; P vs. AP-I, p<0.001; AP vs. AP-I, p=0.009) and
the total amount of blood loss was larger in group AP-I
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Variable Group P Group AP Group AP-I p-value
VAS (back pain)
Preoperative 75(2-9) 7.1(4-9) 7.8(5-9) 0.525, 0.340, 0.126
Last follow-up 49(3-7) 4.3 (2-6) 3.5(2-7) 0.168, <0.0017, 0.122
VAS (leg pain)
Preoperative 7.2(3-9) 6.9(2-8) 6.3(4-9) 0.714, 0.420, 0.431
Last follow-up 44(3-7) 3.6(2-6) 35(2-7) 0.070, 0.008", 0.816
oDl
Preoperative 59.4 (50-74) 56.5 (50-60) 58.9 (50-74) 0.176, 0.778, 0.186
Last follow-up 30.0 (20-46) 25.8 (20-40) 24.9(18-34) 0.043", 0.006”, 0.546
Operative time (min) 382 (230-595) 462 (299-570) 557 (265-1,020) 0.024”, <0.001%, 0.009"
Blood loss (mL)
Intraoperative 1,115 (500-5,000) 2,167 (1,000-4,000) 1,722 (1,000-3,500) 0.002", 0.026", 0.068
Postoperative 760 (458-1,341) 1,132 (140-1,801) 2,158 (800-6,110) 0.005", <0.001%, <0.001°

Hospitalization 24.0 (16-45)

34.8(18-100)

28.6 (16-47) 0.133, 0.082, 0.207

VAS, visual analogue scale; ODI, Oswestry disability index.

p-value: group P vs. group AP, group P vs. group AP-1, group AP vs. group AP-1 in order.

p<0.001; "Jp<0.05.

and group AP than in group P (P vs. AP, p=0.035; P vs.
AP-1, p=0.011; AP vs. AP-I; p=0.069) (Table 5).

Discussion

The patients with degenerative flat back, which mainly
occurs in patients older than 60 years of age, should care-
fully consider different corrective surgeries, including
long-segmental fusions. Since most elderly patients have
several underlying co-morbidities as well as osteoporosis,
many medical and surgical complications could occur
postoperatively [12]. As an effort to reduce the complica-
tion rate, the posterior-only approach, which features a
reduced surgical time and less blood loss has been widely
used and some studies have shown satisfactory results by
comparing it with the combined approach [13]. However,
other reports have shown serious complications associ-
ated with the posterior-only operation, such as postop-
erative sagittal decompensation, pseudoarthrosis, and
proximal junction problems [8,9]. To date, there are no
established safe and effective methods in the deformity
correction of degenerative flat back.

In the early stages, the authors also performed an os-
teotomy PLIF using the posterior-only approach for de-
formity correction in the patients with degenerative flat

back. However many patients experienced correction loss,
nonunion, implant failures, residual symptoms, and sagit-
tal decompensations after the surgeries. Bridwell et al. [14]
recommended performing the surgeries using an anterior
and posterior approach, including anterior supports for
patients who had a flexible sagittal deformity with spinal
stenosis. Then, the authors performed the surgeries with
the combined anterior-posterior approach simultaneously
using polysegmental anterior supports through the lower
lumbar spine (L4-5-S1) as a method to overcome the dis-
advantages.

However, the long operative time and large volume of
blood loss in one-stage anterior-posterior surgery were
inevitably associated with surgical and medical complica-
tions, which are detailed in Tables 3 and 4. Due to these
complications, the authors have consecutively performed
the two-stage anterior-posterior operations since 2008
in patients with a degenerative flat back deformity. The
results of this study also showed that mechanical com-
plications and medical complications mainly occurred in
group P and group AP, respectively.

Lee et al. [15] reported the LL was -49° on average in
the normal spine of sagittal balance analysis while the
ratio to form LSA was 71% in LL in the Korean popula-
tion. In group AP-I, the immediate postoperative LL was
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—47.7° on average and the ratio to form the LSA in LL was
69% (34.1/49.7) representing the most physiological cor-
rection compared to that of a normal spine. Furthermore,
the mean SVA of group AP-I was maintained with the av-
erage of 0.5 cm through the final follow-up. Therefore, it
is considered that proper correction of the LL, especially
in LSA, would decisively affect the maintenance of sagittal
balance during the follow-up period. To maximize lum-
bar lordosis and make a normal physiologic curve with a
high lower lumbar angle, anterior supports are considered
to be essential in the deformity correction of degenerative
flat back.

Although there were three cases of nonunion in the
group with the posterior-only approach, it was not ob-
served in both group AP or group AP-I with anterior
interbody fusion. These results seemed to be due to large
amounts of anterior bone graft, complete end plate prepa-
ration, and large size of implantation via the polyseg-
mental anterior interbody fusion which allowed the large
angle (12°) and height (14-18 mm) of the inserted cages
(Fig. 1C).

It has been reported that about 20%-40% of sagittal
decompensation occurs after the correction surgery for
DFB and the main reason of these is known to be the
correction loss in the lumbosacral junction [8,9]. Spino-
pelvic fixation using an iliac screw was also considered
to be helpful for the prevention of correction loss in the
lumbosacral junction and sagittal decompensation. In the
present study, although loosening and failures of pedicle
screws were observed in 35% (7/20) and 42% (4/12) of
cases in group P and group AP, respectively, there were no
such cases in group AP-I. Further, significant differences
in the subsidence rate of the L4-5-S1 angle between
group AP and group AP-I (p<0.05) were thought to be
due to the rigid fixation of the lumbosacral junction via
the iliac screw, which played an important role in the pre-
vention of sagittal decompensation [16].

The results regarding the complication rates between
one-stage and two-stage combination surgery are con-
troversial [17-19]. In early stages of anterior-posterior
surgery, although the one-stage operation was performed,
there were high rate of medical (e.g., pneumonia, pulmo-
nary edema, and paralytic ileus) and surgical (e.g., mal-
position of pedicle screw, anterior approach related vessel
injury, temporary neurological deficit) complications
observed because of the long surgery time and the large
amount of blood loss and transfusion. To reduce such

Asian Spine J 2015;9(3):361-369

complications, the two-stage operation was performed. In
the results, there were 10 cases of complications out of 12
patients in group AP while only three cases of complica-
tions out of 32 patients in group AP-I. This result implies
that the two-stage operation would be safer than the one-
stage surgery because it not only decreases the hemody-
namic stress for elderly patients, but also alleviates fatigue
in surgeons [19].

There are some limitations of this study. First, this
study was performed using retrospective data. This is an
inherent weakness, but a single surgeon consecutively
performed all operations using three different methods
in order and the detailed clinical and radiological data
were compared among the groups with objective meth-
ods. Second, lumbosacral fixation with an iliac screw was
performed only in group AP-I. It was certain that the
lumbosacral fixation definitely influenced the surgical
outcomes, such as correction loss or pseudoarthrosis at
the lumbosacral junction. However, iliac screw fixation
was not popular during the initial period of this study and
this procedure could have lengthened the operative time
and blood loss, which could increase the perioperative
complication rates. Nonetheless, this study was a relatively
large case series of deformity correction for degenerative
flat back that were performed by a single surgeon. This is
a strength of the study.

Conclusions

Anterior-posterior correction showed better clinical re-
sults than the posterior-only correction. However the
two-staged anterior-posterior correction with iliac screw
fixation showed better radiological results than the pos-
terior-only or one-staged anterior-posterior correction.
Also, the two-staged anterior-posterior correction with
iliac screw fixation showed a lower complication rate than
one-staged anterior-posterior correction.
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