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Objective: This study aimed to compare the changes in sagittal parameters and the efficacy
of pedicle subtraction osteotomy (PSO) in patients with ankylosing spondylitis (AS) and
kyphosis under different lumbar sagittal morphologies and to explore the effect of sagittal
morphology on the selection of PSO levels.

Methods: A total of 24 patients with AS and thoracolumbar kyphosis (TK) who were
admitted to the First Affiliated Hospital of Xinjiang Medical University between 2008 and
2019 were enrolled in this study. They were divided into two groups: a lumbar lordosis group
(n = 14) and a lumbar kyphosis group (n = 10). Changes in sagittal parameters, lumbar
Japanese Orthopaedic Association (JOA) scores, and visual analog scale (VAS) scores for
lumbar pain before and after operation were compared between the two groups to evaluate
postoperative efficacy.

Results: The preoperative lumbar lordosis (LL) was —29.29 + 5.40 (lordosis) and 13.50 +
3.65 (kyphosis) (P < 0.01), and the preoperative sagittal vertical axis (SVA) was 171.35 +
25.46 (lordosis) and 223.58 + 21.87 (kyphosis) (P < 0.01). Preoperative global kyphosis
(GK) was 75.71 £+ 5.26 (lordosis) and 86.30 + 10.32 (kyphosis) (P < 0.05). All patients in the
lordosis group underwent PSO surgery at the twelfth thoracic vertebra (T12) or the first
lumbar spinal vertebra (L1), while all patients in the kyphosis group underwent the surgery at
the second or third lumbar spinal vertebra (L2 or L3). The differences in postoperative GK,
LL, and SVA between the two groups were not significant (P > 0.05). The JOA scores of the
two groups increased from 13.00 + 0.83 (lordosis) and 11.30 £ 0.93 (kyphosis) before
surgery to 21.00 = 0.67 and 19.70 + 0.60 after surgery (P < 0.05).

Conclusion: Preoperative lumbar sagittal morphology needs to be considered when select-
ing the optimal osteotomy plane. An osteotomy can achieve the greatest success in patients
with lumbar kyphosis at L2/L3; for patients with lumbar lordosis, it can achieve satisfactory
outcomes at T12/L1.
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Introduction

Ankylosing spondylitis (AS) is a chronic inflammatory disease characterized by
invasion of the axial spine. Approximately 30% of sufferers will develop severe
kyphosis' and may go on to develop intra-abdominal complications.? > For patients
with AS and kyphosis, the main purpose of surgical intervention is to reconstruct
sagittal balance and restore horizontal gaze function.”> In recent years, pedicle
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subtraction osteotomy (PSO) has been used more fre-
quently in clinical practice and has been found to achieve
satisfactory correction and sagittal recovery results and to

significantly
6-10

improve the quality of life of these
patients.

Choosing the most suitable osteotomy plane is a key
factor in achieving good results with PSO. Jackson et al''
reported that the osteotomy plane has a % angle focused
on the fourth lumbar vertebra to the sacral base (L4-S1)
for patients with AS and thoracolumbar kyphosis (TK).
Roussouly et al'? studied four spinal features in healthy
people and found that lumbar lordosis mainly relies on the
third to fifth lumbar spinal vertebra (L3-L5). When con-
sidering the problem of upper and lower fixation of the
osteotomy plane, it is more appropriate to undertake
osteotomy at L3 or L4, as it can restore the physiological
lordosis of the lumbar vertebrac. However, Qian'® and
Chen et al® have pointed out that when the apex of the
kyphosis is located in the thoracolumbar segment, the
osteotomy should be carried out at the apex of the kypho-
sis. The most successful corrective effect of osteotomy is
usually achieved at the first lumbar spinal vertebra (L1).
Moreover, Liu et al'* stated that osteotomy is not recom-
mended at L3 because it reduces the patient’s standing
function. Another study'” of PSO surgery for the treatment
of AS with TK has indicated that a lower osteotomy level
can achieve more effective sagittal correction due to the
leverage.

Although PSO has been extensively discussed in pre-
vious literature, there is no definitive conclusion on the
optimal osteotomy level of the surgery. Previous studies'”
have revealed that surgical decision making as to the
osteotomy level depends largely on preoperative lumbar
sagittal morphology. However, it has also been reported
that pelvic incidence (PI) becomes mismatched with lum-
bar lordosis (LL) after PSO surgery.'® The conclusions
drawn in the literature are sometimes inconsistent; there-
fore, this study aimed to investigate the lumbar sagittal
morphology of patients with AS, with emphasis on the
effect of lumbar sagittal morphology on the selection of
the most effective osteotomy plane for PSO surgery.

Patients and Methods

Inclusion and Exclusion Criteria

The cases of 24 patients with AS and TK who were
admitted to the First Affiliated Hospital of Xinjiang
Medical University between 2008 and 2019 were

retrospectively analyzed. All AS diagnoses were based
on the revised New York Standard.'’

Inclusion criteria: (1) Patient had been diagnosed with
AS and kyphosis by symptoms, signs, and imaging exam-
ination; (2) patient had undergone PSO; (3) patient had
undergone an anteroposterior and lateral film of the whole
spine before and after surgery; (4) patient had at least
one year of follow-up.

Exclusion criteria: (1) Kyphosis was caused by other
disease factors; (2) AS was complicated by pathological frac-
tures; (3) AS was complicated by cervical or thoracic kypho-
sis (in patients with lumbar lordosis, the main pathology was
thoracic); (4) patient had incomplete follow-up materials.

Grouping: The lumbar sagittal morphology in the
observed. The
patients with different lumbar sagittal morphology were

whole-spine lateral radiographs was
divided into two groups based on the LL Cobb angle:
a lumbar lordosis group (LL < 0° n = 14) and a lumbar
kyphosis group (LL > 0°; n = 10).

The study was conducted in accordance with the
Declaration of Helsinki (2013 revision) and approved by
the Ethics Committee of the First Affiliated Hospital of
Xinjiang Medical University (NO.K202010-17). Informed

consent was obtained from all patients.

Procedure

Theoretically, in patients with AS and vertebral fusion up
and down, setting is not easy to open; SPO bone cutting
should not be used, as forcibly cutting the bone has a high
risk of vascular complications, such as nerve damage.
Three-dimensional reconstruction using CT scans showed
lumbar anterior column ossification and incomplete fusion,
so the front is a activity, through posterior column short-
ening can be finished in front of open, so we are in the L5
and S1, L4 and L5, L1 and L2 SPO osteotomy, use bit
except to cut bone rongeur clearance of spinous process
and ligament between the spine, spine, and remove the
bilateral joints. Then, the lamina, ligamentum flavum and
superior articular process were bit off with lamina osteot-
omy forceps, and the pedicle osteotomy was retained.
Finally, the posterior column was compressed to open the
front and the sagittal shape of the lumbar lordosis was
corrected and restored.

Data Evaluation

Surgimap software was used to measure the preoperative
and postoperative sagittal vertical axis (SVA), global
kyphosis (GK), PI, pelvic tilt (PT), sacral slope (SS), LL
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Figure | A 42-year-old female patient. (A) It shows the patient is allocated to the lumbar lordosis group before the operation. (B) Single segmental PSO surgery is
performed at LI. The LL and SVA change to —59° and 38.26 mm from —24° and 148.73 mm, respectively. (C) During the follow-up, no obvious correction loss is observed in

the final year.

(negative value: lordosis, positive value: kyphosis), and
sagittal parameters in the lateral X-ray of the whole
spine when standing up. Clinical data, including age, sex,
lumbar Japanese Orthopaedic Association (JOA) scores,
visual analog scale (VAS) scores for lumbar pain, and
complications, were reviewed at the final follow-up.

Statistical Analysis

All data were calculated using SPSS v.22 software.
A paired sample #-test was used to compare preoperative
and postoperative data and final follow-up results. An
independent sample 7-test was used to determine the dif-
ference in radiological outcomes between the two groups.
P < 0.05 was considered statistically significant.

Results

A total of 24 AS patients were enrolled from 2008 to 2019,
including 14 patients in the lumbar lordosis group with
a mean age of 39.2 years and ten patients in the lumbar

kyphosis group with a mean age of 40.1 years. The follow-
up time of patients in the two groups was 12 months. The
PSO osteotomy was performed at T12 in seven patients
and L1 in seven patients in the lordosis group. The PSO
osteotomy was performed at L2 in five patients and at L3
in five patients in the kyphosis group (typical cases are
shown in Figures 1-4). The postoperative sagittal para-
meters were significantly improved in both groups
(Table 1). The mean SVA of the two groups changed
from 171.35 + 25.46 and 223.58 + 21.87 before the opera-
tion to 55.46 + 5.15 and 66.58 + 5.81 after the operation,
and the difference was not significant (P > 0.05) between
the two groups. The GK was corrected to 51.43 + 1.92
after the operation in the lordosis group from 75.71 + 5.26
before the operation, and to 52.30 + 3.17 (P < 0.05) from
86.30 £ 10.32 in the kyphosis group. All sagittal para-
meters (GK, LL, SVA, PT, and SS) were significantly
improved (P < 0.05). No significant correction deletion
was observed in the final follow-up. The difference in

International Journal of General Medicine 2021:14

submit your manuscript

363

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhang et al

Dove

Figure 2 A 49-year-old male patient. (A) It shows the disease is located at the apex of T11-12 before the operation, and the patient is allocated to the lumbar kyphosis
group. (B) Single segmental PSO surgery is performed at T12. The GK and SVA are corrected to 61° and 72.31 mm from 93° and 274.29 mm, respectively. (C) During the
follow-up, the GK increases to 57, and the LL is improved to —56° from —28° in the final year. No obvious correction loss is observed.

LL, SVA, and SS was not significant (P > 0.05) when
comparing the imaging results between the two groups.
The correction rate of LL and SVA in the kyphosis group
was significantly higher than that in the lordosis group (P
< 0.05). The mean postoperative JOA scores of the two
groups increased from 11.30 £+ 0.93 to 23.00 = 0.68, and
the VAS scores improved from 7.05 £ 0.39 to 1.87 £ 0.13,
and the difference was not significant (P > 0.05) between
the lordosis and kyphosis groups.

Table 2 shows the preoperative sagittal parameters of
four groups (T12, L1, L2, and L3). The GK, LL, and SS of
the preoperative L2 and L3 groups are significantly higher
than those of the T12 and L1 groups (P < 0.05).

Table 3 summarizes the clinical effects. The mean
value of postoperative JOA increases to 22.39 from
11.15, and the VAS scores decrease to 1.72 from
7.99. There is no significant difference between sub-
groups (P < 0.05).

Discussion

The key factor in surgical decision making for AS com-
plicated with TK is restoring the sagittal balance of the
patient. Previous studies'>'® have indicated that LL is
correlated with PT, PI, and SS to some extent, while TK
is not significantly correlated with them. Legaye et al'’
proposed that LL and SS are most closely related to
scoliosis (» = 0.80) and that pelvic parameters can be
used to predict LL values. Gottfried et al*® found that the
PI and PT values of patients with flatback deformity after
spinal osteotomy were significantly higher than those of
patients without flatback deformity. They speculated that
the cause of flatback deformity may be related to a higher
preoperative PI value in this group of patients. They also
suggested that patients with high preoperative PI values
may not be able to tolerate LL loss, which further suggests
that PI and LL should be used as important reference
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Figure 3 A 49-year-old male patient. (A) The patient is allocated to the lumbar kyphosis group before the operation. (B) Single segmental PSO surgery is performed at L2.
The LL and SVA change to —56° and 63.06 mm from 8° and 312.84 mm, respectively (C). During the follow-up, no significant correction loss is observed in the final year. The

LL and SVA are —56° and 70.35 mm, respectively.

indicators for the preoperative evaluation of adult patients
with spinal deformities. Hence, it is necessary to study the
sagittal morphology of the lumbar vertebrae, using LL as
a guide.

Thomasen first proposed PSO as a method of correct-
ing AS with severe kyphosis in 1985. The method can
achieve a 30°-35° correction of deformity®'** through
a V-osteotomy of the pedicle, using the anterior cortical
bone of the vertebral body as the correction axis and
closing the posterior column to close the wedge gap at
the osteotomy of the anterior middle column. Because the
anterior column is not open, the tension of the anterior
vertebrae tissue in the orthosis is small, thereby reducing
the risk of anterior longitudinal ligament and abdominal
aortic tear. Many studies have reported®>** that PSO can
effectively restore LL and SVA to reconstruct sagittal
balance. However, the procedure is also associated with
complications,”® such as nerve and vascular injuries.
Despite this, it has become the most commonly used

surgical method for correcting TK deformity in patients
with AS. The present study found that the average correc-
tion degree of PSO in 24 patients with AS and TK was
30.3°, which is consistent with previous studies.

This study investigated the different sagittal patterns of
the lumbar vertebrae in patients with AS and TK.
Satisfactory correction was achieved in all 24 patients
after surgery. The 14 patients in the lumbar lordosis
group underwent PSO at the twelfth thoracic vertebra
(T12) or the first lumbar spinal vertebra (L1), while the
10 in the lumbar kyphosis group underwent PSO at
the second or third lumbar spinal vertebra (L2 or L3).
A slight loss (1.4°-2.7°) of correction degree was identi-
fied in both groups at the last follow-up. This is similar to
the results of Liu'* and Qian.*

For the calculation of osteotomy angles, Surgimap soft-
ware was used for preoperative simulation (Figure 5) in all
patients in the present study. Osteotomy angle = preopera-
tive maxillary eyebrow angle + preoperative PT-tPT-10

International Journal of General Medicine 2021:14

submit your manuscript

365

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhang et al

Dove

Figure 4 A 46-year-old female patient. (A) It shows the disease is located at the apex of L2-L3, and the patient is allocated to the lumbar kyphosis group. (B) The SPO
osteotomy is performed at L1-L2, L4-L5, and L5-SI. The single segmental PSO osteotomy is performed at L3. The GK and SVA change to 59° and 56.36 mm from 103° and
261.49 mm, respectively. The LL is corrected to postoperative —44° from preoperative 41°. (C) During the follow-up, no significant correction loss is observed in the

final year. The LL, GK, and SVA are —45°, 62°, and 48.82 mm, respectively.

(tPT is an ideal PT value; tPT = 0.37 x PT — 7). The
preoperative theoretical osteotomy degree was between
31.5° and 33° in the lumbar lordosis group and between
32.5° and 82.5° in the kyphosis group. Previous studies
have reported an average corrective degree of 16°,2¢ 35°,**
and 38°%" for single-segmental PSO in patients with AS
and an improvement of 30-130 mm?® after surgery. The
results of the present study are consistent with these find-
ings: the average GK and LL correction values were
37.53° and 29.51°, respectively, and the SVA correction
was about 116.96 mm. There was also no obvious loss
within a one-year follow-up period, which is largely con-
sistent with the calculation of preoperative theoretical
values. The preoperative SVA and GK of patients in the
kyphosis group were obviously worse when comparing the
preoperative radiological parameters of the two groups,
and the postoperative JOA and VAS scores of patients in
the kyphosis group were lower than those in the lordosis
group.

In addition, five patients with lumbar kyphosis under-
went total hip arthroplasty (THA) before PSO. There is
still controversy about the order of surgery for patients
with AS and TK: should THA be undertaken first to

address AS hip joint deformity, or should spinal orthope-
dic surgery be undertaken first to treat kyphosis defor-
mity? Le et al*® believed that performing a spinal
osteotomy first, following by THA, allows more accurate
determination of the acetabular anterior inclination and
abduction angles. Guan et al’® stated that undertaking
spinal posture surgery after THA surgery is more conve-
nient because the spinal orthopedic surgery can be per-
formed with the patient prone. Vaz and Roussouly et al®'
found that PT and TK values decreased after THA when
AS affected the hip joints, while SS and LL values
increased. As previous findings suggest that spinal and
pelvic parameters are improved by undertaking THA
first, five of the patients in the present study underwent
THA before spinal surgery.

In this study, all patients in the kyphosis group under-
went PSO surgery at L2 or L3. The osteotomy at L3 could
provide a larger range of bone resection and longer PSO
leverage than the upper lumbar vertebrae and achieve
maximum correction of LL and SVA. However, such
patients often require sacral base (S1) fixation. For precise
control in PSO surgery, orthodontic, in drawing up bone
cutting cone and two sections near the cone into long
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Table 1 Comparison of Lordosis (A) and Kyphosis (B) Groups
Variate A Group B Group P
LL
Before the operation —29.29+5.40 13.50+3.65 <0.001
After the operation —44.86+3.20* —41.00+3.01* 0.408
One year after the operation —44.29+|.88* —43.10+2.80* 0.718
SVA
Before the operation 171.35+25.46 223.58+21.87 0.155
After the operation 54.39+6.35% 64.59+6.09* 0.276
One year after the operation 55.465.15% 66.58+5.81* 0.170
GK
Before the operation 75.71%£5.26 86.30+10.32 0.332
After the operation 52.00%1.75*% 51.30£2.75% 0.823
One year after the operation 51.43+1.92% 52.30%3.17* 0.806
PT
Before the operation 38.29+3.79 36.80+5.02 0.812
After the operation 28.43+3.08* 25.40+4.46* 0.569
One year after the operation 25.07+2.74* 23.00+3.65* 0.648
PI
Before the operation 64.29+4.58 50.80+5.38 0.070
After the operation 62.21+4.46 53.40+3.88 0.171
One year after the operation 61.64+4.07 54.40+4.00 0.232
SS
Before the operation 25.86+2.13 14.00+2.87 0.003
After the operation 33.50+2.34* 28.00+1.67* 0.091
One year after the operation 36.29+1.77* 31.40%1.96* 0.081
VAS
Before the operation 7.80+0.25 7.05+0.39 0.104
After the operation 3.131£0.23* 3.02+0.25* 0.751
One year after the operation 1.87+£0.13%* 1.58+0.14* 0.132
JOA
Before the operation 13.00+0.83 11.30+0.93 0.189
After the operation 21.00£0.67* 19.70+0.60* 0.182
One year after the operation 22.86+0.60* 23.00+0.68* 0.878
Note: Compared with before the operation, ¥*P<0.001.
Table 2 Preoperative Comparison of Four Subgroups (T12, LI, L2 and L3)
Variate Group TI2 Group LI Group L2 Group L3 P
LL —37.29+23.16 —21.29+5.34 11.00+4.03* 16.00+6.37* <0.001
SVA 1849111873 157.79%£27.10 194.74+33.78 252.42+24.39* 0.339
GK 85.86+18.38 65.57£6.11 63.40+10.44 109.20+10.38* 0.004
PT 35.29+15.52 41.29+4.98 33.60+6.80 40.00+7.87 0.792
PI 65.43+18.5 63.41+6.44 47.60£9.41 54.00+6.05 0.318
SS 29.86+5.08 21.86+3.28 14.00+4.10 14.00+4.49 0.008
VAS 7.62%1 7.99£0.35 6.75£0.51 7.34+0.62 0.305
JOA 14.86x1.77 I1.14x1.16 11.20+0.66 11.40+1.86 0.065
Note: Compared with other group, *P < 0.01.
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Table 3 Efficacy Comparison of Four Subgroups (T12, LI, L2 and L3)

Variate Group TI2 Group LI Group L2 Group L3 P
VAS
Before the operation 7.62%1 7.99+0.94 6.75%1.13 7.34x1.39 0.305
After the operation 3.07+0.84 3.19£0.96* 2.81+1.07* 3.23+0.32% 0.850
One year after the operation 1.76+0.52 1.99+0.44* 1.50+0.45* |.66+0.44* 0.354
JOA
Before the operation 14.86+1.77 I1.14+3.08 11.20+1.48 11.40+4.16 0.065
After the operation 22.57+2.23 19.43+1.72* 20.40+2.07* 19.00+1.58* 0.016
One year after the operation 24.43x1.81 21.29+1.38* 23.20+2.68* 22.80+1.79% 0.045

Notes: There was no significant difference in scores among the three groups; JOA score of L3 was compared with the first three groups (P < 0.05); Compared with after

the operation, *P < 0.01.

segmental pedicle screws and install a temporary fixed rod
(that is, the four fixed adjacent cones in order to maintain
the stability of the spine). Longer segmental internal fixa-
tion can effectively maintain the protrusion deformity after
correction, so AS patients often experience vertebral
osteoporosis. Strong fixation of the long segmental pedicle
screw can avoid loosening and emergence of the post-
operative screw and prevent the need for postoperative

Figure 5 Simulated selection of osteotomy plane and PSO angle before operation.
Simulated osteotomy angle = preoperative mandibular eyebrow angle + preopera-
tive PT-tPT-10, tPT = 0.37 x PT-7.

convex deformity correction after failure. To formulate
the cone, a V-shaped cut is made on the bone according
to the required angle of bone cutting. Titanium rods are
bent to the shape of the reset bone and the bed is slowly
adjusted to reset the spine. Gradually closed bone cutting
clearance, maintaining the dural sac and nerve-root com-
pression, evoked potential amplitude detection continu-
ously. In order to address abnormal situations in a timely
manner, a closed complete intraoperative X-ray should be
taken to confirmed reset and no significant deviation.

For patients with severe kyphosis, when the required
correction exceeds 60°, two-stage PSO or PSO + Smith-
Peterson osteotomy (SPO) should be considered to obtain
a larger range of correction. In the present study, a 46-year
-old woman (Figure 4) presented a typical folding-knife
back. Her chin-brow vertical angle (CBVA) was —58°, and
her SVA was approximately 300 mm. Her lumbar spine
was kyphotic, and her LL was 45°. An osteotomy angle of
86.5° was required before the operation. PSO + SPO was
performed for this patient, using Surgimap software to
simulate every individual segment that could provide
a 15° correction from osteotomy. Single-segmental PSO
can provide a 40° correction at most, while the combined
surgery can provide a total of 85° correction. Therefore,
the SPO osteotomy was undertaken at L5-S1 and L4-L5.

In three-dimensional reconstruction from CT scans,
the patient showed lumbar anterior column ossification
and incomplete fusion, so the front is an activity, through
the posterior column of shortening are able to do in front
of open, so we are in the L5 and S1, L4 and L5, L1 and
L2 SPO osteotomy, use bit except to cut bone rongeur
clearance of spinous process and ligament between the
spine, spine, and remove the bilateral joints, reoccupy
lamina rongeur bite in addition to the part of the lamina,
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yellow ligament and articular process, retain pedicle
bone cutting, finally open the front, compressed column
to achieve correct the restoration of lumbar lordosis
sagittal morphology and L1-L2 and PSO osteotomy at
L3, respectively. Fixed segments were at T9-S1. The
postoperative CBVA was improved to 8°, SVA to
48.4 mm, and LL to —44°. One year after the operation,
no correction loss was observed in this patient. From the
patient’s point of view, satisfactory sagittal shape and
good quality of life were achieved.

Previous studies®** have reported that PSO should be
performed at the apex of kyphosis. However, the present
study suggests that the patient’s preoperative sagittal mor-
phology needs to be evaluated if the osteotomy plane is close
to the kyphotic apex. Based on the results of this study, it
appears that patients with lumbar kyphosis usually present
with kyphosis in the thoracolumbar segments. T12 or L1 are
therefore recommended as the osteotomy plane because they
are relatively close to the kyphotic apex and can therefore
achieve a better correction of TK. Owing to the reduction of
fixed segments, the risk of postoperative PJK can be reduced.

For patients with lumbar kyphosis, PSO is recom-
mended at L2 or L3. The preoperative sagittal imbalance
is often severe in such patients, which means a greater
correction is needed to achieve a satisfactory outcome.
The adult spinal cones terminate at L2, and a lower level
of osteotomy can reduce the risk of spinal cord injury.
However, S1 fixation is often required at L3 in patients
with osteotomy, which may result in a poor quality of
life.*> However, taking into consideration a better correc-
tion of LL and SVA, this is an acceptable option.
Therefore, the osteotomy position of patients with lumbar
kyphosis should be either L2 or L3.

Conclusion

The present study has some limitations. Firstly, it was
a retrospective study. Secondly, its sample size was
small, especially for patients with lumbar kyphosis.
Moreover, none of the enrolled patients underwent PSO
at L4. As such, larger cohort studies are needed to improve
the classification of lumbar sagittal morphology in patients
with AS. Lastly, the conclusion of this study is relatively
preliminary because both groups lacked a control group
for comparison. Further prospective cohort studies are
needed to determine the optimal osteotomy level for sin-
gle-level PSO.
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