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Study Design: Retrospective cohort study.
Purpose: To determine whether implant density impact three-dimensional deformity correction in posterior spinal fusion (PSF) with-
out Ponte osteotomies (POs) for patients with Lenke 1 and 2 adolescent idiopathic scoliosis (AIS).
Overview of Literature: Currently, the optimal pedicle screw (PS) density for flexible moderate-sized thoracic AIS curve correction is 
still controversial. There are limited data regarding the impact of implant density on three-dimensional correction in PSF without the 
use of PO for thoracic AIS surgery.
Methods: A database of patients with AIS with Lenke 1 and 2 curves treated with PSF without PO and instrumented with PSs and 
≥2-year follow-up was reviewed. The preoperative, immediate, and final follow-up postoperative radiographs were analyzed. The 
correlation between PS density and the following factors were determined: major curve correction (MCC), correction index (CI; MCC/
curve flexibility), kyphosis angle change, and rib index (RI) correction. Then, patients were divided into low-density (LD) and high-
density (HD) groups according to mean PS density for the entire cohort (1.5 PS per level). Demographics and radiographic and clinical 
outcomes were compared between groups.
Results: The study included 99 patients with Lenke 1 and 23 patients with Lenke 2 AIS. The average MCC was 67.2%. There was no 
correlation between screw density and these parameters: MCC (r=0.10, p=0.26), CI (r=0.16, p=0.07), change in T2–T12 kyphosis angle 
(r=−0.13, p=0.14), and RI correction (r=−0.09, p=0.37). Demographic and preoperative radiographic parameters were similar between 
the LD and HD groups. At the latest follow-up, there were no differences between the two groups in regard to MCC, CI, change in 
T2–T12 kyphosis angle, RI correction, and Scoliosis Research Society-30 scores (all p>0.05).
Conclusions: This study revealed no significant correlation between screw density and curve correction in any planes. HD construct 
may not provide better deformity correction in patients with flexible and moderate thoracic AIS undergoing PSF without PO.
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Introduction

Pedicle screw (PS) constructs have become the standard 
instrumentation for posterior correction and spinal fusion 
of adolescent idiopathic scoliosis (AIS) [1]. PS instrumen-
tation can improve three-dimensional spinal deformity 
correction and solid fusion to achieve the goal of surgical 
treatment of AIS [2]. In patients with thoracic AIS, PS 
constructs have been shown to improve radiographic out-
comes compared with hook or hybrid constructs [3-5]. By 
providing rigid three-column fixation of the vertebra, PS 
constructs have been shown to obviate the need for ante-
rior fusion, decrease the number of fusion levels, reduce 
complication and revision rates, and improve pulmonary 
function values [3,6,7].

PS density is defined as the number of PS per fused 
level. Many surgeons use high PS density (HD) constructs 
with maximum density of 2.0 PS per fused level despite 
limited data to show the optimal PS density constructs [8-
10]. There are valid concerns of HD constructs, including 
a small but significant risk of PS malposition, increased 
cost, and postoperative hypokyphosis [8,11,12]. If low PS 
density (LD) constructs are able to improve curve cor-
rection comparable to HD constructs, using fewer screws 
would improve the efficiency and reduce the implant 
costs of scoliosis surgery. Although PS constructs have 
been commonly used in the treatment of thoracic AIS, 
the PS density for optimal outcomes is still controversial. 
Some studies have demonstrated larger radiographic cor-
rection with HD [8,9]. On the contrary, several studies 
have shown no correlation between PS density and radio-
graphic correction [12-14]. There are many conflicting 
factors that can affect the surgical results on curve correc-
tion, including curve magnitude, curve flexibility, number 
and points of fixation, fixation apparatus, and posterior 
release procedure (i.e., Ponte osteotomy) [15,16]. To the 
best of our knowledge, no previous studies reported the 
impact of PS density on deformity correction in posterior 
spinal fusion (PSF) without the use of additional posterior 
release procedure especially for Ponte osteotomies (POs). 
Furthermore, the optimal PS density remains unknown, 
especially when sagittal and axial correction is considered.

This study aimed to determine whether the number of 
screws per fused level, or PS density, affects coronal curve 
correction, thoracic kyphosis, and apical vertebral rota-
tion in PSF without POs of Lenke 1 and 2 AIS and inves-
tigate whether HD improves three-dimensional deformity 

correction at the final follow-up.

Materials and Methods

1. Patient identification

This retrospective study was approved by the institutional 
review board of Cincinnati Children’s Hospital Medical 
Center (CCHMC 2014-7694). A database of consecutive 
patients with AIS who underwent posterior instrumented 
spinal fusion from a single institution between 2006 and 
2013 was reviewed. The requirement for informed consent 
from individual patients was omitted because of the ret-
rospective design of this study. The inclusion criteria were 
diagnosis of Lenke curve type 1 and 2 AIS, age between 
10 and 20 years, preoperative thoracic curve between 45° 
and 80° and preoperative curve flexibility >25%, surgical 
procedure of single-stage PSF in which at least 75% of the 
anchors were screws, and minimum of 2 years’ follow-up. 
Patients who had a history of spinal surgery, had abnor-
mal spinal cord signal, or underwent additional posterior 
release procedures, such as POs, were excluded. Since POs 
performed in thoracic AIS curves may affect flexibility 
and curve correction [16], we included patients who had 
only preoperative thoracic curve between 45°and 80°and 
preoperative curve flexibility >25% and did not undergo 
POs at the index procedure to eliminate this confounding 
factor on curve correction.

2. Surgical technique

Patients were placed in the prone position on the operat-
ing table. A posterior midline incision and subperiosteal 
dissection were made to the tips of transverse process at all 
levels of spinal fusion. PSs were inserted with a free-hand 
technique. Fusion levels were selected as described by Len-
ke et al. [17]. The lower instrumented vertebra (LIV) was a 
neutral lumbar vertebra touched by the central sacral verti-
cal line on coronal radiographs for modifier A curves and 
proximal stable vertebra (distal end of the thoracic curve) 
for modifier B and C curves. The upper instrumented ver-
tebra (UIV) was determined by the rigidity of the proximal 
thoracic curve and T1 tilt and should be above the apex of 
the thoracic kyphosis. Regarding the placement of screws 
in patients with LD, PSs were placed bilaterally at two UIV, 
two LIV, and the apical vertebra and its two adjacent ver-
tebrae, if available (Fig. 1). The philosophy for selection of 
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implant levels is stable base, stable proximal construct, and 
apical control. Apical control was achieved by concave side 
screws and alternate convex side screw or with bilateral 
apical only screws. In patients with HD, PSs were placed 
bilaterally at all fused levels, if available (Fig. 2) [17]. One 
surgeon was involved in each index procedure. Regarding 
the deformity correction maneuvers, same rod rotation 
and direct vertebral rotation techniques were performed in 
all patients. Additional correction was performed by slight 
concave distraction and convex compression, if necessary. 
No additional flexibility-modifying procedure (i.e., Ponte 
osteotomy) was performed.

3. Radiographic and clinical outcome measurements

An independent spine surgeon performed all radio-
graphic and clinical measurements. Radiographic analysis 
included preoperative, 1-week postoperative, and final 
follow-up major Cobb angle, T2–T12 kyphosis angle, and 
preoperative supine side bending major Cobb angle. Rib 
hump deformity and vertebral rotation were evaluated us-
ing rib index (RI) method and extracted from double rib 
contour sign on standing lateral radiographs in patients 
who did not undergo costoplasty (97 patients) [18]. The 
RI was calculated by the ratio of spine distances d1/d2. 
d1 is the distance between the most extended point of the 

Fig. 1. Illustrative example of a low-screw density construct, pedicle screw density is 1.17. (A, B) Preoperative radiographs of a 15-year-old female patient with 
adolescent idiopathic scoliotic curve (T5–T11: 61°, thoracic kyphosis: 40°). (C, D) Immediate postoperative standing radiographs demonstrated a correction in Cobb 
angle to 24°, and thoracic kyphosis measured 34°. (E, F) Last follow-up radiographs, 3.5 years after surgery, the coronal Cobb angle and thoracic kyphosis were well 
maintained during the follow-up period.

61° 34° 22° 35°
40°

24°
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Fig. 2. Illustrative example of a high-screw density construct, pedicle screw density is 1.82. (A, B) Preoperative radiographs of a 15-year-old male patient with adoles-
cent idiopathic scoliotic curve (T4–T11: 56°, thoracic kyphosis: 24°). (C, D) Immediate postoperative standing radiographs demonstrated a correction in Cobb angle to 
22°, and thoracic kyphosis measured 12°. (E, F) Last follow-up radiographs, 4 years after surgery, the coronal Cobb angle and thoracic kyphosis were well maintained 
during the follow-up period.
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most projecting rib contour and the posterior margin of 
the corresponding vertebra. d2 is the distance from the 
posterior margin of the same vertebra and the least pro-
jecting rib contour (Fig. 3). Preoperative curve flexibility 
was defined as (preoperative Cobb angle–side bending 
Cobb angle)/(preoperative Cobb angle)×100%. Percent 
major curve correction (MCC) was defined as (preopera-
tive major Cobb angle–postoperative major Cobb angle)/
(preoperative major Cobb angle)×100%. Correction index 
(CI) was defined as (major Cobb correction)/(preoperative 
curve flexibility). CI was used to eliminate the effect of 
flexibility on the correction as described by Vora et al. [19]. 
Percent RI correction was defined as (preoperative RI–
postoperative RI)/(preoperative RI)×100%. The PS density 
of each construct was calculated as total numbers of PSs/
number of fused levels.

Medical records were reviewed to obtain demographic 
data and the following perioperative data: number of 
fused levels, number of total PSs in construct, number of 
PSs per instrumented level, number of other anchors in 
construct, implant information (material and diameter of 

rod use), estimated blood loss, operative time, and com-
plications. Patient-reported outcomes were assessed using 
Scoliosis Research Society (SRS)-30 questionnaire at the 
latest follow-up.

4. Statistical analysis

Data were analyzed using Stata ver. 14.0 software (Stata-
Corp LP, 2015; Stata Corp., College Station, TX, USA). We 
performed power analysis and found that our sample size 
(n=122) achieved a statistical power of 0.71 with a signifi-
cance of 0.05 and correlation coefficient of 0.21. Pearson 
correlation analysis was used to determine the correlation 
between PS density and the following parameters: percent 
MCC and CI, change in T2–T12 kyphosis, and percent RI 
correction. The correlation between curve flexibility and 
percent MCC was also determined. Subgroup correlation 
analyses were also performed in regard to Lenke curve 
type (Lenke-1 curve type and Lenke-2 curve type), patient 
age, (patients with age >15 years and patients with age 
<15 years), Risser sign (Risser grade <3 and Risser grade 
≥3), and body mass index (BMI <25 kg/m2 and BMI ≥25 
kg/m2). Then, patients were divided into two groups ac-
cording to the mean PS density for the entire study (1.50 
screws per level). Thus, LD construct was defined as the 
use of <1.50 screws per level fused, and HD construct was 
defined as the use of 1.50 or more screws per fused level. 
Independent sample t-tests were used to compare demo-
graphic data, radiographic parameters, and clinical out-
comes at baseline and follow-up between the two groups. 
Quantile regression tests were used to compare change in 
T2–T12 kyphosis angle and loss-correction rate between 
the two groups. Significance was set at a p-value <0.05.

Results

The study included 122 patients: 99 patients with Lenke 
1curve type and 23 patients with Lenke 2 curve type. 
There were 106 female and 16 male patients with a mini-
mum follow-up of 2 years (average, 40.1 months; range, 
24–92 months). The demographic characteristics and 
clinical features of the patients are shown in Table 1. The 
mean±standard deviation age at surgery was 15.0±1.9 
years. The median Risser grade of the patients was 3 
(range, 0–5). The majority (54.9%) of patients had Risser 
grade ≥3. The mean preoperative major Cobb angle was 
55.3°±7.2° and corrected to 18.3°±7.2°) at follow-up 

Fig. 3. Lateral standing radiograph illustrating the rib index (RI) using the 
double rib contour sign. RI equals d1/d2. d1 is the distance between the most 
extended point of the most prominent rib contour and the posterior margin of 
the corresponding vertebra, d2 is the distance from the posterior margin of the 
same vertebra and the least prominent rib contour.
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(p<0.01) for an average correction of 67.2%±11.7%. The 
mean preoperative T2–T12 kyphosis angle was 34.1°±8.8° 
and decreased to 31.6°±8.7° at follow-up (p<0.01). The 
mean preoperative RI, assessed by thoracic torsion 
and vertebral rotation, was 1.89±0.29 and corrected to 
1.6±0.23 at follow-up (p<0.01) for an average correction 
of 17.4%±10.1%. There were no significant correlations 

between PS density and the following parameters: percent 
MCC (r=0.10, p=0.26) and CI (r=0.16, p=0.07), change in 
T2–T12 kyphosis angle (r=−0.13, p=0.14), and percent RI 
correction (r=−0.09, p=0.37) (Fig. 4). There was no cor-
relation between PS density and absolute degree of Cobb 
angle correction (r=0.06, p=0.51). Moreover, there was a 
significant correlation between curve flexibility and per-
cent MCC (r=0.24, p=0.0086). For subgroup correlation 
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Fig. 4. (A–C) Correlation analysis between pedicle screw density and radio-
graphic outcomes. No significant correlation was found between pedicle screw 
density and percent major curve correction, change in T2–T12 kyphosis, or 
percent rib index correction. 

Table 1. Demographic characteristics and clinical features of the patients

Characteristic Value

Age at surgery (yr)   15.0±1.9 (11 to 20)

Weight (kg) 56.0±13.3 (28.2 to 107)

Height (cm)    161±9.3 (133 to 193)

Body mass index (kg/m2)   21.8±5.1 (15.1 to 48.8)

Risser sign

Grade 0 14 (11.5)

Grade 1 19 (15.6)

Grade 2 22 (18.0)

Grade 3 22 (18.0)

Grade 4 24 (19.7)

Grade 5 21 (17.2)

Median Risser grade 3 (0 to 5)

No. of fused levels   11.1±1.5 (8 to 15)

No. of pedicle screws 16.6±2.46 (12 to 23)

N�o. of pedicle screws per level fused (pedicle 
screw density) 1.50±0.20 (1.14 to 2.0)

No. of other anchors (hooks/wires/clamps) 1.15±0.90 (0 to 5)

Preoperative major Cobb angle (°)   55.3±7.2 (45 to 80)

Supine side bending major Cobb angle (°) 28.0±10.0 (1 to 55)

Preoperative curve flexibility (%) 49.9±15.2 (24 to 98)

Final postoperative major Cobb angle (°)   18.3±7.2 (3 to 36)

Absolute degree of Cobb angle correction      37±7.1 (14 to 56)

Percent major curve correction 67.2±11.7 (28 to 94)

Correction index 1.45±0.44 (0.69 to 2.28)

Preoperative T2–T12 kyphosis angle (°)   34.1±8.8 (15 to 53)

Final postoperative T2–T12 kyphosis angle (°) 31.6±8.7 (10 to 50)

Change in T2–T12 kyphosis angle (°)  -2.4±6.9 (-19 to 14)

Preoperative rib index 1.89±0.29 (1.25 to 2.58)

Final postoperative rib index   1.6±0.23 (1.1 to 2.1)

Percent rib index correction 17.4±10.1 (0.1 to 44.5)

Loss-correction rate (%)   5.08±6.3 (0 to 32)

Follow-up time (mo) 40.1±14.4 (24 to 92)

Values are presented as mean±standard deviation (range) or frequency of the 
patients (%).
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Table 2. Correlation analyses between pedicle screw density and postopera-
tive radiographic assessment in regards to Lenke curve type

Lenke curve type

Lenke-1 AIS 
patients (n=99)

Lenke-2 AIS 
patients (n=23)

r p-value r p-value

Percent major curve correction   0.07 0.48 0.11  0.62

Correction index   0.15 0.14   0.27 0.18

Change in T2–T12 kyphosis angle (°) -0.09 0.37 -0.28 0.20

Percent rib index correction -0.16 0.16 -0.22 0.34

AIS, adolescent idiopathic scoliosis.

Table 3. Correlation analyses between pedicle screw density and postopera-
tive radiographic assessment in regards to patient’s age

Patient’s age

Patients with age 
<15 yr (n=62)

Patients with age 
>15 yr (n=60)

r p-value r p-value

Percent major curve correction   0.15 0.24   0.08 0.55

Correction index   0.19 0.12   0.03 0.80

Change in T2–T12 kyphosis angle (°) -0.09 0.49 -0.15 0.26

Percent rib index correction -0.06 0.68 -0.15 0.29

Table 4. Correlation analyses between pedicle screw density and postopera-
tive radiographic assessment in regards to Risser sign

Risser sign

Risser grade <3 
(n=55)

Risser grade ≥3 
(n=67)

r p-value r p-value

Percent major curve correction 0.12 0.39 0.08 0.47

Correction index 0.20 0.14 0.13 0.28

Change in T2–T12 kyphosis angle (°) -0.18 0.19 -0.10 0.42

Percent rib index correction -0.23 0.13 -0.02 0.88

Table 5. Correlation analyses between pedicle screw density and postopera-
tive radiographic assessment in regards to body mass index

BMI (kg/m2)
BMI <25 (n=84) BMI ≥25 (n=38)

r p-value r p-value

Percent major curve correction 0.04 0.71 0.19 0.25

Correction index 0.12 0.28 0.22 0.18

Change in T2–T12 kyphosis angle (°) -0.16 0.15 -0.04 0.79

Percent rib index correction -0.14 0.27 -0.002 0.99

BMI, body mass index.

Table 6. Demographic and preoperative radiographic data for LD and HD 
groups

Variable LD group 
(n=57)

HD group 
(n=65) p-value

Age (yr)   15.0±1.95   15.0±1.82 0.98

Gender (male:female)     4:53   12:53

Weight (kg)   55.8±13.3 56.4±13.2 0.79

Height (cm)   160.3±8.0 162.2±10.5 0.31

Body mas index (kg/m2) 21.1±3.9 22.5±5.9 0.18

Risser sign 0.91

Grade 0 8 (14.0) 6 (9.2)

Grade 1 7 (12.3) 12 (18.5)

Grade 2 10 (17.5) 12 (18.5)

Grade 3 10 (17.5) 12 (18.5)

Grade 4 12 (21.1) 12 (18.5)

Grade 5 10 (17.5) 11 (16.9)

Preoperative major Cobb angle (°) 55.5±7.2 55.1±7.3 0.77

Preoperative T2–T12 kyphosis angle (°) 34.7±9.7 33.5±7.9 0.49

Preoperative rib index   1.9±0.3   1.9±0.3 0.53

Preoperative curve flexibility (%)   50.1±13.1   49.7±16.8 0.90

Follow-up time (mo)   38.0±14.2   42.0±14.4 0.13

Values are presented as mean±standard deviation or number (%), unless other-
wise stated. No significant between group differences were detected for these 
variables.
LD, low-screw density; HD, high-screw density.

Table 7. Mean pedicle screws density, number of fused levels, number of 
pedicle screws and perioperative data for LD and HD groups

Variable LD group 
(n=57)

HD group 
(n=65) p-value

Mean pedicle screws density   1.3±0.1   1.7±0.1 <0.001*

No. of fused levels 11.6±1.3 10.6±1.5 <0.001*

No. of pedicle screws 15.5±2.1 17.5±2.4 <0.001*

Operative time (min)    301±54.0    308±54.8 0.53

Estimated blood loss (mL)   586±354   675±389 0.21

Rod material 0.78

Cobalt chromium 16 (28.1) 15 (23.1)

Stainless steel 26 (45.6) 30 (46.2)

Titanium alloy 15 (26.3) 20 (30.8)

Rod diameter (mm) 0.53

6.0 16 (28.1) 15 (23.1)

6.35 41 (71.9) 50 (76.9)

Values are presented as mean±standard deviation or number (%), unless other-
wise stated.
LD, low-screw density; HD, high-screw density.
*p<0.05 was considered to be statistical significance.
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analyses, there were no significant correlations between 
PS density and the following parameters: percent MCC 
and CI, change in T2–T12 kyphosis angle, and percent 
RI correction in regard to Lenke curve type (Lenke curve 
type 1 and Lenke curve type 2), patient age (<15 years 
and >15 years), Risser grade (Risser grade <3 and Risser 
grade ≥3), and BMI (BMI <25 kg/m2 and BMI ≥25 kg/m2) 
(Tables 2–5).

For subgroup analysis, the patients were divided into 
two groups according to the mean PS density for the 
entire study. The LD group, consisted of 57 patients, was 
defined as the use of <1.50 screws per fused level, and the 
HD group, consisted of 65 patients, was defined as the 
use of 1.50 or more screws per fused level. There were no 
differences in demographic and preoperative parameters 
between the two groups (Table 6). The mean PS density 
was significantly lower in the LD group (1.3 versus 1.7, 
p<0.01). The number of fused levels was significantly low-
er in the HD group (10.6 versus 11.6, p<0.01). The num-
ber of PSs per construct was lower in the LD group (15.5 
versus 17.5, p<0.01). There were no significant differences 
in the percentage of rod diameter and rod material use, 
operative time, and estimated blood loss (Table 7). Statis-
tical subanalysis revealed that there were no significant 
differences between the HD and LD groups with respect 
to MCC and CI, change in T2–T12 kyphosis angle, and RI 
correction. The HD group had less magnitude of postop-
erative thoracic kyphosis (30° versus 33°, p=0.03) (Table 
8). Furthermore, the comparison between patients with 
PS density ≤1.3 (mean PS density of the entire study–1SD; 
n=21) and patients with PS density ≥1.7 (mean PS density 
of the entire study+1SD; n=21) confirmed that there were 

no significant differences between the two groups in terms 
of MCC and CI, change in T2–T12 kyphosis angle, and RI 
correction (all p>0.05). At the latest follow-up, the SRS-30 
scores were available in 82 (67.2%) of 122 patients. SRS-
30 scores were available in 40 (70.2%) of 57 patients in 
the low-density group and 42 (65%) of 65 patients in the 
high-density group. There were no significant differences 
in all five domains studied and the overall score between 
those of the LD and HD groups (Table 9).

No intra- or postoperative instrumentation-related 
complications were noted. There were three adding-
on phenomena with required revision surgery in three 
patients, one patient (1.8%) in the LD group and two pa-
tients (3.1%) in the HD group (p=1.0). In the LD group, 
an adding-on phenomenon was observed in a 16-year-
old girl with an increased fractional curve below the ar-
throdesis, performed down to T12. A revision procedure 

Table 8. Comparison of postoperative radiographic data between low-screw density and high-screw density groups

Variable LD group (n=57) HD group (n=65) p-value

Postoperative major Cobb angle (°) 18.2±6.4 18.3±7.8 0.93

Postoperative T2–T12 kyphosis angle (°) 33.4±8.6 30.1±8.5 0.03*

Postoperative rib index   1.5±0.2   1.6±0.2 0.15

Percent major curve correction 67.07±11.5 67.47±11.8 0.86

Correction index   1.4±0.4   1.5±0.5 0.31

Change in T2–T12 kyphosis angle (°)              -1 (-19 to 14)             -4 (-16 to 9) 0.13

Percent rib index correction 18.4±9.1 16.5±8.1 0.36

Loss-correction rate (%)       3.33 (0 to 22)        5.17 (0 to 32) 0.24

Values are presented as mean±standard deviation or median (range), unless otherwise stated.
LD, low-screw density; HD, high-screw density.
*p<0.05 was considered to be statistical significance.

Table 9. Postoperative SRS-30 scores

Domain LD groupa) HD groupa) p-value

Pain 3.8±0.8 4.0±0.6 0.25

Appearance 4.0±0.6 4.0±0.6 0.98

Function 3.8±0.6 3.8±0.6 0.72

Mental 4.1±0.7 4.2±0.7 0.80

Satisfaction 4.3±0.7 4.3±0.6 0.68

Total score 3.9±0.5 4.0±0.5 0.64

Values are presented as mean±standard deviation, unless otherwise stated. No 
significant between group differences were detected for these variables.
SRS, Scoliosis Research Society; LD, low-screw density; HD, high-screw den-
sity.
a)SRS-30 scores were available for 40 patients (70.2%) out of 57 patients in the 
LD group and 42 patients (65%) out of 65 patients in the HD group.
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extending the arthrodesis down to L3 was performed at 2 
years after the index procedure. In the HD group, the first 
adding-on phenomenon was observed in a 14-year-old 
boy after T3–L1 arthrodesis. The patient underwent ex-
tending arthrodesis down to L4 at 1 year after index pro-
cedure. In another patient, an 11-year-old girl, an adding-
on phenomenon was observed after T4–L1 arthrodesis. 
There was progression of curve at both upper and lower 
arthrodesis segments. The patient underwent revision ex-
tending arthrodesis from T2 to L4 at 3 years after the in-
dex procedure. No subsequent complications were noted 
in all three patients undergoing revision surgery. They 
were doing well at the latest follow-up. Three patients in 
the LD group and three patients in the HD group (5.3% 
versus 4.6%, p=0.72) had curve progression >5° at the 
time of latest follow-up. However, they had no substantial 
back pain or decline in their function at that time. Their 
SRS-30 scores, the overall score and all five domains, were 
>3 at the final follow-up. No patients needed additional 
operation. At the latest follow-up, there were no adding-
on phenomenon in this cohort. The rates of proximal 
junctional kyphosis (PJK) were similar between the LD 
and HD groups (LD group, 8.8%; HD group, 10.8%; 
p=0.48) [20]. No patients required revision surgery due to 
PJK. There was no screw loosening or instrument failure 
in this study. No patient had secondary operation at the 
final follow-up.

Discussion

The present study investigated whether higher PS den-
sity improved three-dimensional deformity correction 
in PSF without POs of flexible, moderate-sized Lenke 1 
and 2 AIS. There were no significant correlations between 
PS density and percent MCC and coronal CI, change in 
T2–T12 kyphosis angle, and percent RI correction. Fur-
thermore, subgroup analysis confirmed that LD groups 
had equivalent radiographic and clinical outcomes as HD 
groups.

We obtained mean percentage MCC of 67.2% in 122 
patients in our cohort, which is comparable to other stud-
ies [8,9,12,13]. We have considered preoperative curve 
flexibility, which has been shown to predict curve cor-
rection [21]. We have found no correlation between PS 
density and MCC with or without curve flexibility. Our 
results were in concordance with the findings of Bharucha 
et al. [12] and Quan and Gibson [13]. On the contrary, 

Clements et al. [8] found a significant correlation between 
MCC and implant density, but the authors included the 
patients from all six Lenke curve types and also included 
variable types of the anchors (wires, hooks, and screws) in 
their study. In a large multicenter database study, Larson 
et al. [9] found that increased anchor density was associ-
ated with increases in coronal curve correction for Lenke 
1 and 2 curves. Unfortunately, this study did not account 
for preoperative curve flexibility and the use of POs. In re-
cent literature, the use of POs performed in thoracic AIS 
curves has been investigated and found to significantly 
improve coronal curve correction [15,16]. In the sagittal 
plane, PS constructs have been shown to provide better 
thoracic hypokyphotic correction in the previous study 
[22]. On the contrary, several recent studies have reported 
that PS constructs decreased magnitude of thoracic ky-
phosis [9,10,12,13]. Additionally, some authors suggested 
that higher implant density was associated with decreased 
thoracic kyphosis [8,9]. We found loss of thoracic kypho-
sis in the entire cohort postoperatively. However, the mag-
nitude of postoperative kyphosis was in physiologic range. 
Furthermore, the loss of preoperative to postoperative 
kyphosis was equivalent between HD and LD groups. We 
believe that this may be due to the hypokyphotic nature of 
the deformity in adolescent idiopathic thoracic scoliosis. 
Thoracic kyphosis alignment is sacrificed to achieve more 
coronal plane correction [13].

There are very few evidences on vertebral rotation and 
rib hump deformity correction regarding PS density in 
scoliotic treatment. PS constructs have been shown to 
improve vertebral rotation correction and lessen rib hump 
deformity compared with hook-rod instrumentation 
[23]. Kuklo et al. [24] assessed the correlation between rib 
hump deformity and apical vertebral rotation and found 
the good and high significant correlations between these 
two parameters. We used rib hump, in terms of RI meth-
od, to measure vertebral rotation for patients who did not 
undergo costoplasty. We found no significant correlation 
between vertebral rotation, in terms of RI correction, and 
PS density. Our results are supported by previous studies. 
Yang et al. [25] evaluated vertebral rotation correction 
indirectly from photographs of the rib hump. The authors 
found no significant correlation between implant density 
and vertebral rotation assessed by photographic parame-
ters. Bharucha et al. [12] evaluated thoracic angle of trunk 
rotation using a scoliometer. They also found no correla-
tion between implant density and thoracic angle of trunk 
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rotation at 2 years postoperatively.
The present study also reported the change in percent 

MCC from immediate postoperative radiographs to final 
follow-up with an average loss of correction of 5% for the 
entire cohort. Our results are similar to the previous stud-
ies, which reported loss of correction rate ranging from 2% 
to 5% in patients with AIS who underwent PSF with PS 
constructs [26-28].

In this study, we focused on three-dimensional defor-
mity correction in PSF without the use of POs in thoracic 
idiopathic scoliosis. All patients underwent a similar 
posterior surgical release procedure. The exposure was 
performed with a midline incision and extending to the 
tips of transverse process. No additional posterior surgical 
release was employed. We confined the anchor type of the 
study groups that used only predominantly PS constructs, 
and all patients only had thoracic scoliotic curve (Lenke 
1 and 2 curve types) to render homogeneity of the study. 
We also accounted for the influence of flexibility on the 
coronal correction. Our results are supported by previ-
ous studies by Cheung et al. [21] and Quan et al. [13]. As 
regard the biomechanical perspective, Wang et al. [29] 
and Le Naveaux et al. [30] revealed that low-screw density 
construct provided similar three-dimensional correction 
as the higher-screw density construct among patients who 
underwent PSF for thoracic AIS. Finally, we believe that 
implant density at some specific regions of the construct, 
i.e., at the apex and both ends, may be more crucial than 
overall implant density for three-dimensional deformity 
correction in thoracic AIS [31,32].

This study has some limitations. First, its retrospective 
nature makes it vulnerable to various biases. A random-
ization of anchor density would more adequately ad-
dress the confounding factors especially for surgeon bias. 
Second, four surgeons were involved, and the correction 
techniques were not standardized. Further studies should 
take into account for identical correction technique so as 
to remove this confounding factor. Third, our sample size 
was small. This decreased the power for statistical analysis 
and undermines the conclusion that there was no cor-
relation between PS density and amount of correction. 
Fourth, the problem within the fusion area (such as failure 
of fixation or pseudarthrosis) is one of the major concerns 
following AIS surgery and may affect surgical outcomes. 
However, we did not implement the methods and results 
for evaluating the fusion status in this study. Further study 
should evaluate the fusion rate or pseudarthrosis after AIS 

surgery. Although not the primary objective of this study, 
one of the important issues for thoracic AIS correction is 
shoulder imbalance correction. However, a previous study 
found no correlation between increased implant density 
and shoulder balance correction [25]. The correlation 
between implant density and shoulder imbalance needs 
to be further assessed in the future. Finally, the majority 
(54.9%) of patients in our cohort has Risser grade ≥3 so 
this may limit the generalizability of our results for pa-
tients with less skeletal maturity.

Conclusions

Our study showed that there was no significant correla-
tion between PS density and amount of coronal, sagittal, 
or axial plane correction. LD constructs may be used as 
effectively as HD constructs for patients with flexible, 
moderate-sized thoracic AIS undergoing PSF without the 
use of POs.
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