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Study Design: Retrospective study.
Purpose: To report the perioperative and radiological outcomes of single-stage posterior passive correction and fusion (SSPPCF) in 
adolescent patients who present with congenital scoliosis.
Overview of Literature: The surgical treatment for congenital scoliosis is complex. There is no definitive guide on surgical options 
for skeletally matured adolescent patients who have congenital scoliosis.
Methods: Patients with congenital scoliosis who underwent SSPPCF using a pedicle screw system were reviewed. We identified the 
following three surgical indications: (1) hemivertebra or wedge vertebra over the thoracic or thoracolumbar region with structural lum-
bar curves, (2) hemivertebra or wedge vertebra at the lumbar region with significant pelvic obliquity or sacral slanting, and (3) mixed 
or complex congenital scoliosis. The demographic, perioperative, and radiographic data of these patients were collected.
Results: Thirty-four patients were reviewed. The mean patient age was 14.6±3.4 years. There were 13 hemivertebrae, three wedged 
vertebrae, two butterfly vertebrae, three hemivertebrae with butterfly vertebra, eight unsegmented bars, and five multiple complex le-
sions. The average surgical duration was 219.4±68.8 minutes. The average blood loss was 1,208.4±763.5 mL. Seven patients required 
allogeneic blood transfusion. The mean hospital stay duration was 6.1±2.5 days. The complication rate was 11.8% (4/34): one patient 
had severe blood loss, one had rod breakage, and two had distal adding-on. The Cobb angle reduced from 65.9°±17.4° to 36.3°±15.3° 
(p<0.001) with a correction rate (CR) of 44.8%±17.4%. The regional kyphotic angle decreased from 39.9°±20.5° to 27.5°±13.9° (p=0.001) 
with a CR of 19.3%±49.6%. Radiographic parameters (radiographic shoulder height, clavicle angle, T1 tilt, cervical axis, pelvic obliq-
uity, coronal balance, and apical vertebral translation) showed significant improvement postoperatively.
Conclusions: SSPPCF was a feasible option for adolescent patients with congenital scoliosis who were skeletally matured.
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Introduction

Surgical options for congenital scoliosis vary depending 
on several factors, such as the type of congenital anoma-
lies, degree of deformity, and age of the patient [1,2]. The 
following surgical options have been reported: in situ fu-
sion either with posterior spinal fusion (PSF) only or with 
a combined posterior and anterior spinal fusion [2-6]; 
convex epiphysiodesis or hemiepiphysiodesis [7,8]; ex-
pansion thoracoplasty with vertical expandable prosthetic 
titanium rib implant (VEPTR) [9,10]; and growth-guided 
devices such as growing rod [4,11], pedicle subtraction 
osteotomy (PSO) [12], hemivertebrectomy [13-15], verte-
bral column resection (VCR) [16,17], and PSF [5,15,18]. 
In some cases, a combination of multiple procedures was 
used in a single patient [7,10]. Due to the complexity in 
the choice of surgical management for congenital scolio-
sis, it is associated with a high risk of neurological and 
non-neurological complications [19].

After a patient achieved skeletal maturity, surgical op-
tions, such as in situ fusion, epiphysiodesis, VEPTR, and 
growth-guidance devices are less useful or feasible. How-
ever, there is still doubt on how to choose the best options 
for these patients. Procedures involving osteotomies, such 
as PSO, hemivertebrectomy, and VCR are technically 
more demanding and have higher complication rates than 
does PSF with instrumentation only [12,15,16,18,19]. 
Yaszay et al. [15] conducted a multicenter, retrospective 
study and reported that posterior spinal correction and 
fusion without resection of the hemivertebra had a lower 
complication rate than did in situ fusion and hemiverte-
brectomy. They noted that these patients were older and 
had larger secondary curves, where correction via hemi-
vertebrectomy may lead to an imbalance in the spine. Lee 
et al. [18] had reported that PSF with instrumentation had 
a significantly lower operative time and less blood loss; 
however, their selection of correction technique was based 
on intraoperative flexibility and assessment. In both stud-
ies, no detailed selection criteria have been described to 
guide the selection of surgical methods.

Thus, this study was conducted to determine the peri-
operative and radiological outcomes of single-stage pos-
terior passive correction and fusion (SSPPCF) using a 
pedicle screw system in adolescent patients who presented 
with congenital scoliosis with definitive preoperative se-
lection criteria set by the University of Malaya Medical 
Centre. 

Materials and Methods

1. Patients

This was a retrospective review of patients with congenital 
scoliosis who underwent SSPPCF using a pedicle screw 
system from 2008 to 2018 at a single institution. The insti-
tutional review board of the University of Malaya Medical 
Centre approved the study (MECID no., 201626-4669), 
and patient consent was obtained for publication. The 
medical records, plain radiographs, computed tomogra-
phy scans, and magnetic resonance imaging images were 
evaluated.

The following inclusion criteria were applied: (1) ado-
lescent patients aged ≥10 years; (2) adolescent patients 
with adequate maturity for spinal fusion, as indicated by a 
closed triradiate cartilage; (3) main curve with Cobb angle 
of >40°; and (4) patients who had SSPPCF because of one 
of the following indications: (a) patients with hemiverte-
bra or wedge vertebra over the thoracic or thoracolumbar 
region with structural lumbar curves (supine side bending 
≥25°) (Figs. 1, 2); (b) patients with hemivertebra or wedge 
vertebra at the lumbar region with significant pelvic obliq-
uity or sacral slanting (Figs. 3, 4); and (c) patients with 
mixed or complex congenital scoliosis (Fig. 5).

The following exclusion criteria were applied: (1) pa-
tients who had previously undergone spinal fusion sur-
gery with or without instrumentation, (2) patients who 
had undergone anterior spinal surgery, (3) patients who 
had incomplete medical records, and (4) patients who did 
not appear for each follow-up.

The lesions were classified according to the classifica-
tions proposed by Winter et al. [20] and Nasca et al. [21] 
and modified by McMaster and Ohtsuka [22]. Tables 1 
and 2 list the data collected.

2. Variables

The calculated outcome parameters are defined below:

1) Estimated total blood loss
Total blood loss was estimated from the cell salvage 
system using the following formula: total blood loss 
(mL)=(final volume accumulated in the reservoir)−(total 
volume of anticoagulant citrate dextrose [ACD])−(total 
irrigation fluid used intraoperatively)+(total unfiltered 
blood). The total volume of ACD and unfiltered blood (the 
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difference between weights of used and dry reservoirs) 
was calculated, whereas the total irrigation fluid was mea-
sured intraoperatively. Total blood loss excluded the vol-
ume of postoperative drainage from the subfascial drain.

2) Transfusion threshold
The transfusion threshold was hemoglobin level <8 g/dL 
or when the patient was symptomatic.

3) Cobb angle correction rate
Cobb angle correction rate (CR) was calculated using the Fig. 2. Preoperative (A) and postoperative (B) clinical picture of patient in Fig. 1.

A B

Fig. 1. Preoperative posteroanterior (A) and lateral (B) plain radiographs and three-dimensional computed tomography reconstruc-
tion films (C, D) of a patient with L1 hemivertebra with late structural changes in the lumbar spine and coronal imbalance. (E, F) 
Right and left supine side bending radiographs were shown in (E) and (F), respectively. The patient underwent single stage posterior  
passive correction and fusion. (G, H) Postoperative radiographs at 2-year follow-up showed good coronal balance. 
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following formula: [(preoperative major Cobb angle–post-
operative major Cobb angle)/preoperative major Cobb 
angle]×100.

4) Regional kyphotic correction rate
Regional kyphotic CR was calculated using the following 
formula: [(preoperative regional kyphotic angle−post-
operative regional kyphotic angle)/preoperative regional 
kyphotic angle]×100.

Fig. 3. Preoperative posteroanterior (A) and lateral (B) plain radiographs and three-dimensional computed tomography reconstruc-
tion films (C, D) of a patient with L3 wedged vertebra with pelvic obliquity and coronal imbalance. (E, F) Right and left supine side 
bending radiographs were shown in E and F, respectively. The patient underwent single stage posterior passive correction and fu-
sion. (G, H) Postoperative radiographs at 2-year follow-up showed good coronal balance.
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Fig. 4. Preoperative (A) and postoperative (B) clinical picture of patient in Fig. 3.
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3. Preoperative assessment

All patients underwent erect posteroanterior and lateral 
whole spine radiography. Flexibility assessment was per-
formed with supine side-bending film, performed by an 
orthopedic resident or fellow who had received instruc-
tions and training for this procedure under expert supervi-
sion (Fig. 6). Trunk bending was performed passively to 
achieve maximum trunk bending while ensuring the ab-
sence of pelvic rotation. The patient was then instructed to 
maintain the position while the radiograph was captured. 

Right- and left-side bending films were performed. More-
over, fulcrum-lateral and fulcrum supine-bending radio-
graphs were obtained to assess the flexibility of kyphotic 
deformity (Fig. 7).

4. Operative procedure

All operations were performed by senior surgeons. Intra-
venous tranexamic acid was administered to all patients 
before skin incision. Spinal cord monitoring was per-
formed during surgery. The lowest instrumented verte-

Fig. 5. Preoperative posteroanterior (A) and lateral (B) plain radiographs and three-dimensional computed tomography reconstruc-
tion films (C, D) of a patient with complex congenital spinal deformity including multilevel unsegmented vertebrae, hemivertebra and 
wedged vertebra. (E, F) Right and left supine side bending radiographs were shown in E and F, respectively. The patient underwent 
single stage posterior passive correction and fusion. (G, H) Postoperative radiographs at 2-year follow-up showed good coronal bal-
ance.
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bra was chosen based on the last vertebra substantially 
touched by the central sacral vertical line. Selection of the 
upper instrumented vertebra (UIV) was performed, refer-
ring to the supervised supine side-bending radiographs 
[23] (Fig. 6). These side-bending radiographs were used to 
calculate the optimal UIV tilt angle. The selected UIV was 
the most distal vertebra with a favorable UIV tilt angle 
and good proximal compensatory ability. Three or four 
pedicle screws were inserted over the proximal and distal 
foundation. An alternate level screw-placement strategy 
was used in between. Additional screws were inserted 
wherever necessary to achieve additional correction. 
Pedicle screws were inserted using the free-hand tech-
nique. Radical release included complete excision of the 
inferior articular facet, spinous processes, inferior part of 
the lamina, and thinning of the ligamentum flavum. Ponte 
osteotomies were performed when kyphosis correction 
was required. The correction was performed using a rod-
translation technique or cantilever method. The amount 
of correction targeted was based on the preoperative cal-
culation of the UIV tilt angle [23,24]. This was confirmed 
intraoperatively with the crossbar method [25]. Fusion 
was augmented using autogenous bone grafts harvested 
from the spinous processes, laminae, transverse processes, 
and facet joints. Cell Saver 5+ Autologous Blood Recovery 
System (Haemonetics Corp., Braintree, MA, USA) was 
the cell salvage system used for all patients. A subfascial 

drain was inserted, and subcutaneous bupivacaine was 
infiltrated before wound closure.

5. Statistical analyses

All data were analyzed using IBM SPSS ver. 25.0 (IBM 
Corp., Armonk, NY, USA). Demographic variables were 
analyzed using descriptive statistics, whereas continuous 
variables were analyzed using paired t-test to investigate 
the differences in preoperative and postoperative radio-
graphic parameters. All p-values were two-tailed, and a 
p-value of <0.05 was considered to be statistically signifi-
cant.

Results

1. Main results

Thirty-four patients with congenital scoliosis who un-
derwent SSPPCF from 2008 to 2018 were enrolled in 
the study. The study population included four males and 

Fig. 6. Flexibility assessment radiographs with right supine side bending (A) 
and left supine side bending films (B).

A B

Fig. 7. Fulcrum bending radiographs—supine lateral (A) and lateral posteroan-
terior (B)—used to assess the flexibility of the kyphotic and scoliotic deformity.
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30 females. The follow-up duration was 12–120 months 
with an average follow-up duration of 43.6±32.9 months. 
Table 1 shows the demographic and radiographic data. 
The average patient age was 14.6±3.4 years at the time 
of surgery. The mean patient height was 148.9±10.4 cm, 
mean weight was 46.0±11.5 kg, and mean body mass 
index was 20.9±6.0 kg/m2. There were 13 hemivertebrae, 
three wedged vertebrae, two butterfly vertebrae, three 
hemivertebrae with butterfly vertebra, eight unsegmented 
bars, and five multiple complex lesions. The location of 
the hemivertebra was noted on the T6–L3 region (most 
common at T11–L2), hemivertebra with butterfly vertebra 
on the main thoracic region, unsegmented bar at T3–T10, 
and wedged vertebra over T11, L3, and L5. Five patients 
underwent SSPPCF for complex lesions that include two 
low lumbar hemivertebrae, one L5 wedged vertebra, and 
one thoracolumbar lesion, mostly due to hemivertebra. 
Seven patients had neuroaxial anomalies (four syrin-
gomyelia, two diastematomyelia, and one tethered cord 
anomaly). Patients with neuroaxial anomalies were re-
ferred for neurosurgical intervention or clearance before 
spine surgeries.

Table 1 shows the perioperative data. The average blood 
loss was 1,208.4±763.5 mL (range, 277–3,000 mL). Seven 
patients (20.6%) needed allogeneic blood transfusions. 
The average length of hospital stay was 6.1±2.5 days. The 
complication rate was 11.8%, and the following four com-
plications were noted: severe intraoperative blood loss in 
one patient, rod breakage in one patient, and distal add-
ing-on in two patients. The patient with severe intraopera-
tive blood loss was a 16-year-old female patient who had 
thalassemia major with L1 hemivertebra. She had 3,000 
mL blood loss and underwent blood transfusion. She re-

covered well and was discharged on postoperative day 5. 
After 1 year, she was noted to have one rod breakage. She 
was advised to undergo revision surgery but opted to un-
dergo observation.

Table 2 shows the comparison between preopera-
tive and postoperative radiographic parameters. All the 
coronal radiological parameters, the Cobb angle, radio-
graphic shoulder height, clavicle angle, T1 tilt, cervical 
axis, pelvic obliquity coronal balance, and apical vertebral 
translation showed significant (p<0.05) improvement 
postoperatively. Postoperatively, the Cobb angle reduced 
significantly from 65.9°±17.4° to 36.3°±15.3° (p<0.001). 
For sagittal parameters, no significant worsening was 
noted. Regional kyphotic angle reduced significantly from 
39.9°±20.5° to 27.5°±13.9° (p=0.001). The Cobb angle CR 
was 44.8%±17.4%, and the regional kyphotic angle CR 
was 19.3%±49.6%.

2. Case illustrations on each surgical indication for SSPPCF

1) Patient 1: hemivertebra or wedge vertebra over the 
thoracic or thoracolumbar region with structural lumbar 
curves (supine side bending ≥25°).
A 13-year-old girl presented with late structural changes 
in the lumbar spine and coronal imbalance caused by L1 
hemivertebra. Preoperative coronal balance was >20 mm. 
The surgical duration was 170 minutes. Estimated blood loss 
was 900 mL, and the duration of hospital stay was 5 days. 
Postoperative radiographs obtained at the 2-year follow-up 
showed good coronal balance (−5 mm) (Figs. 1, 2).

2) Patient 2: hemivertebra or wedge vertebra at the lumbar 
region with significant pelvic obliquity or sacral slanting

Fig. 8. (A–E) Illustration on how the excision of hemivertebra in a patient with structural lumbar curve may lead to coronal imbalance.
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A 14-year-old girl complained of a “slanted posture” caused 
by scoliosis with L3 wedged vertebra. Preoperative coronal 
balance was 32 mm. The surgical duration was 130 minutes, 
estimated blood loss was 500 mL, and hospital stay was 
5 days. Postoperative radiographs obtained at the 2-year 

follow-up were coronally balanced (0 mm) (Figs. 3, 4).
3) Patient 3: mixed or complex congenital scoliosis
A 14-year-old boy presented with complex spinal defor-
mity with multilevel unsegmented vertebrae, hemiver-
tebrae, and wedged vertebrae. The surgical duration was 
280 minutes, estimated blood loss was 1,100 mL, and hos-
pital stay duration was 7 days. Postoperative radiographs 
obtained at the 2-year follow-up showed adequate balance 
(Fig. 5).

Discussion

A patient with congenital scoliosis in adolescence presents 
for spine surgery because of several reasons, including pa-
rental decision to wait, failure of brace treatment, missed 
or late diagnosis, or delay due to primary treatment of 
neuroaxial pathologies. Surgical treatment for these pa-
tients remains complex. In skeletally matured patients 
with congenital scoliosis, compensatory secondary curves 
may be larger and less flexible [15]. This obviates the 
feasibility of a hemivertebrectomy that produces a large 
correction at the main deformity leading to an imbalance 

Table 1. Demographic, radiographic, and perioperative data

Characteristic Value

Demographic data

Age (yr) 14.6±3.4

Gender

Female      30 (88.2)

Male        4 (11.8)

Height (cm) 148.9±10.4

Weight (kg)   46.0±11.5

Body mass index (kg/m2) 20.9±6.0

Preoperative radiographic data

Types of anomalies

Hemivertebra      13 (38.2)

Wedged vertebra      3 (8.8)

Butterfly vertebra      2 (5.9)

Hemivertebra with butterfly vertebra      3 (8.8)

Unsegmented bar        8 (23.5)

Complex        5 (14.8)

Neuroaxial anomalies        7 (20.6)

Syringomyelia        4 (11.8)

Diastematomyelia      2 (5.9)

Tethered cord      1 (2.9)

Cobb angle (°)   65.9±17.4

Regional kyphotic angle (°)   39.9±20.5

Perioperative data

Operation duration (min) 219.4±68.8

No. of fused levels 11.1±2.9

No. of screws 13.3±2.4

Blood loss (mL) 1,208.4±763.5

Preoperative hemoglobin (g/L) 13.2±1.6

Postoperative day 2 hemoglobin (g/L) 10.8±2.0

Transfusion rate        7 (20.6)

Length of hospital stay (day)   6.1±2.5

Complications        4 (11.8)

Severe intraoperative blood loss     1 (2.9)

Rod breakage     1 (2.9)

Distal adding-on      2 (5.9)

Values are presented as mean±standard deviation or number (%).

Table 2. Preoperative and postoperative radiographic parameters

Variable Preoperative Postoperative p-value

Coronal parameters

Cobb angle (°) 65.9±17.4 36.3±15.3 <0.001*

R adiographic shoulder 
height (mm) 13.5±12.3 5.8±7.5 0.001*

Clavicle angle (°) 4.7±6.8 1.5±1.8 0.019*

T1 tilt (°)  10.1±9.5 5.5±7.1 <0.001*

Cervical axis (°) 4.0±5.0 2.1±3.7 0.001*

Pelvic obliquity (°) 3.7±5.0 1.8±2.0 0.021*

Coronal balance (mm) 16.9±13.2 5.2±5.1 <0.001*

A pical vertebral translation 
(mm) 50.9±17.9       24.8±8.1 <0.001*

Sagittal parameters

Regional kyphotic angle (°) 39.9±20.5 27.5±13.9 0.001*

T5–T12 kyphosis (°) 24.7±27.6 23.3±13.8 0.580

Sagittal vertical axis (mm) -4.2±30.7  -2.5±32.4 0.602

Correction rate (%)

Cobb angle correction rate 44.8±17.4

R egional kyphotic angle 
correction rate 19.3±49.6

Values are presented as mean±standard deviation.
*A p-value is statistically significant.
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body, arising from the residual deformity of the secondary 
curves. Although a hemivertebrectomy was performed, 
long fusion may still be required to include the correction 
of the secondary curves to balance the body [13]. Thus, 
hemivertebrectomy is generally recommended for young-
er patients with flexible spine before the development of 
structural secondary curves [13-15]. Logically, this also 
applies to other procedures that osteotomize the congeni-
tal anomaly for large corrections, such as PSOs, wedge 
osteotomies, and VCRs. In contrast, spinal balance can be 
achieved more easily than with PSF without osteotomies 
because the correction of the main congenital deformity is 
less, making the correction of the secondary curves easier 
to achieve a balanced spine.

We identified three strong indications for SSPPCF. The 
first indication was hemivertebra or wedge vertebra over 
the thoracic or thoracolumbar region with structural lum-
bar curves (supine side bending ≥25°) (Figs. 1, 2). These 
patients exhibited stiff secondary lumbar curves, wherein 
the extension of the correction and fusion into the lumbar 
region was necessary. If the excision of the hemivertebra 
was performed, it would potentially cause a postoperative 
coronal imbalance of the body, wherein a revision to an 
even longer fusion would be needed (Fig. 8). The second 
indication was hemivertebra or wedge vertebra at the lum-
bar region with significant pelvic obliquity or sacral slant-
ing (Figs. 3, 4). Careful preoperative flexibility assessment 
should be performed for these patients because their lum-
bosacral junction may be stiff, disallowing the return of 
the lumbar spine to the midline. In several cases, fusion to 
the sacrum may be needed. Similarly, if the excision of the 
hemivertebra was performed, the risk of coronal decom-
pensation would be much higher. However, by performing 
SSPPCF, it is easier to achieve spinal balance and poten-
tially, without the need for fusion to the sacrum. The third 
indication was patients with mixed or complex congenital 
scoliosis (Fig. 5). In these patients, SSPPCF may be safer 
and less invasive than procedures needing osteotomies.

In this study, the average surgical duration was 
219.4±68.8 minutes and the average blood loss was ap-
proximately 1,208.4±763.5 mL. Seven patients (20.6%) 
needed blood transfusion. The average length of hospital 
stay was 6.1±2.5 days. The complication rate was 11.8%, 
with one patient exhibiting severe blood loss, one patient 
with a single rod breakage, and two patients with distal 
adding-on (Table 1). Yaszay et al. [15] reported an average 
surgical duration of 324±124 minutes and average blood 

loss of 837±692 mL; Lee et al. [18] reported an average 
surgical duration of 308.14 minutes and average blood 
loss of 540.06 mL; in comparison, our patients had shorter 
surgical duration but higher intraoperative blood loss. The 
complication rate in our trial was lower than that reported 
by Yaszay et al. [15] (15%). With respect to radiological 
parameters, all coronal and sagittal parameters showed 
improvement in the Cobb angle, radiographic shoulder 
height, clavicle angle, T1 tilt, cervical axis, pelvic obliquity, 
coronal balance, and apical vertebral translation, and RKA 
showed significant (p<0.05) improvement postoperatively 
(Table 2). Patients achieved a coronal Cobb angle CR of 
44.8%±17.4% and an RKA CR of 19.3%±49.6%. This was 
comparable with that reported by Yaszay et al. [15]; they 
reported a coronal Cobb angle CR of approximately 40% 
and a sagittal Cobb angle CR of approximately 27%. Lee 
et al. [18] reported a coronal Cobb angle CR of approxi-
mately 60.27% and a kyphosis CR of approximately 10%.

There were certain limitations of this study. The study 
sample size was relatively small; thus, the statistical 
strength of the study was reduced. We did not assess 
the health-related quality of life scores for the patients 
to evaluate their postoperative clinical outcomes. The 
types of lesions in congenital scoliosis were diverse, and 
it was difficult to standardize a specific surgical strategy 
for each patient. However, a general approach was used 
to make the decision regarding the type of surgery to 
be performed, leaving the specific surgical management 
individually tailored to each patient. SSPPCF has been 
reported in previous studies and is a widely accepted sur-
gical option, and our results further support this surgical 
technique. The surgical indications suggested in this man-
uscript are based on the senior authors’ expert opinion, 
and further validation studies may be required to confirm 
the accuracy of the present findings.

Conclusions

To conclude, SSPPCF provided a significant coronal spi-
nal correction to attain a more balanced spine. It was a 
feasible option for adolescent patients with congenital 
scoliosis. With SSPPCF, the presence of stiffer secondary 
curves, especially at the lumbar spine and lumbosacral 
junction, obviates the need for osteotomy procedures.
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