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Do low-density screws influence pelvic incidence in
adolescent idiopathic scoliosis correction?

ABSTRACT

Background: Low-density screw constructs yield significant radiographic and clinical improvements with reduced risk of neurological
complications. This study aimed to investigate the relationship between coronal Cobb angle and pelvic incidence (PI) in the correction of
adolescent idiopathic scoliosis (AlS) using a low-density construct, as well as the association between Pl and functional outcomes.
Patients and Methods: This prospective cohort study involved 60 posteriorly instrumented AIS patients, aged 10-16 years, with Cobb
angles ranging from 45 to 90 of various Lenke types. Radiological assessments were conducted pre- and postsurgery at 1, 3, 6, 12, and
24 months. Functional evaluation utilized the Scoliosis Research Society score form (SRS-30).

Results: A positive correlation was observed between screw density and operation time, blood loss, and degree of correction with SRS
change (P=0.004). No correlation was found between screw density and hospital stay, loss of correction, correction rate, SRS change, change
in PI, or Cobb angle.

Conclusions: Correction of AlS through a posterior approach using a low-density construct can lead to satisfactory curve correction, impacting
spinopelvic parameters. However, Pl alone does not directly influence patient functional outcomes assessed by SRS-30. Low-density implant
constructs reduce operative time, blood loss, costs, and complication risks.

Keywords: Adolescent idiopathic scoliosis, coronal Cobb angle, deformity correction, high-density screws, low-density

screws, pelvic incidence, pelvic tilt, sacral slope, scoliosis, scoliosis research society-30 score

INTRODUCTION

Improvements in surgical instruments for treating spine
deformities have resulted in increased use of implants. Careful
use of pedicle screws has enabled effective correction of
severe spinal deformities."" However, the impact of screw
density on the outcomes of treating adolescent idiopathic
scoliosis (AIS) is still debated.? Reducing the number of
implants can cut down surgical time, lower the risk of
screw misplacement, and decrease costs. The ideal implant
density for successful treatment is still unknown.B! The
relationship between pelvic indices and sagittal profile
has been extensively studied.”*® Pelvic incidence (PI) is a
fixed anatomical parameter that significantly influences the
spine’s sagittal balance, calculated by combining two variable
parameters: sacral slope (SS) and pelvic tilt (PT). A mismatch
between Pl and lumbar lordosis (LL) can disrupt the overall
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sagittal balance in patients. The impact of adult spinal
deformity is assessed using the Scoliosis Research Society
(SRS)-Schwab classification. There is a notable link between
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the lumbopelvic alignment mismatch (PI-LL) and the degree
of disability. Individuals with spinal deformities characterized
by positive sagittal alignment and inadequate LL tend to have
poorer physical and social functioning, self-perception, and
higher pain levels./®” Maintaining or restoring normal sagittal
alignment is crucial in all types of spinal reconstructive
surgery. Therefore, addressing various spinal abnormalities
such as posttraumatic deformities, Scheuermann’s kyphosis,
and AIS requires a comprehensive evaluation of spinopelvic
parameters.® Currently, there is no universal agreement on
the impact of altered spinopelvic parameters in scoliosis
surgery. Nonetheless, some studies in the literature have
addressed the impact of surgical correction on spinopelvic
parameters.” This study aimed to assess the correlation
between the Coronal Cobb angle and PI after correcting
deformities in AIS using a low-density construct, as well as the
relationship between PI and the patient’s functional outcome.

PATIENTS AND METHODS

This prospective cohort study included 60 patients at
Cairo University Hospitals and Agouza Spine Center who
underwent posterior low-density screw fusion for AIS of
various Lenke types with a Cobb angle =45°-90°, aged
between 10-16 years. The study was conducted between
December 2016 and May 2019 after obtaining approval
from the relevant Ethical Committee of Cairo University
Hospitals. Written informed consent was obtained from
the patients’ caregivers. Excluded were patients with other
types of scoliosis, previous spine surgeries, sacralized lumbar
vertebrae, and other spinal pathologies.

All patients underwent a thorough history, routine laboratory
tests, physical and detailed neurological examinations, and
magnetic resonance imaging of the entire spine to assess
for cord pathology. The coronal Cobb angle, PI, PT, and
SS were measured using Surgimap software (Nemaris Inc.,
Methuen, MA, USA).

During general anesthesia, patients were positioned prone
with neutral or extended hips to achieve lumbar spine lordosis
and with flexed knees to ensure proper venous return.

All cases were instrumented through a posterior approach
using titanium monoaxial screws at levels near the apex and
titanium polyaxial screws at the remaining levels. Titanium
rods of G5 strength were used to maintain the correction.
Pedicle screws were placed using a freehand technique, and
neuromonitoring was employed in all cases. The derotation
and direct vertebral derotation techniques were utilized on
the concave side, followed by the application of the convex
rod. Finally, segmental compression, distraction, and in situ

bending were employed to enhance correction. Operative
time, blood loss, and the need for blood transfusion were
documented. The radiological assessment involved evaluating
the relationship between the change in Cobb angle and
PI values after surgical correction. Regular functional
(SRS-30) and radiological follow-up at 1, 3, 6, 9, 12, and
24 months were conducted. Functional assessment compared
preoperative and final follow-up patient satisfaction using
the SRS-30 form to pre/postoperative Cobb angle and pre/
postoperative Pl values. Implant density was defined as the
number of fixation screws divided by the number of available
anchor sites within the main curve. Intra- or postoperative
complications were also recorded [Figure 1].

Statistical analysis

Version 26 of SPSS (IBM Inc., Armonk, NY, USA) was utilized
for statistical analysis. Repeated measures ANOVA was
employed to compare the measurements of quantitative
variables, which were expressed as the mean and standard
deviation (SD). The frequency and proportion of qualitative
factors were defined (%). The Pearson moment correlation
equation was employed to determine the correlation
between different variables when the variables followed a
linear relationship such as normal distribution. For variables
with nonnormal or nonlinear monotonic relationships, the
Spearman rank correlation equation was utilized. Considered
statistically significant was a two-tailed P = 0.05.

RESULTS

The mean age was 14.6 = 2.68 SD years. There were 5 males
(8.33%) and 55 females (91.67%).

Types of curves were type | in 28 (46.67%) patients, I in
2 (3.33%) patients, Ill in 4 (6.67%) patients, IV in 3 (5%) patients,
Vin 19 (31.67%) patients, and VI in 4 (6.67%) patients. The
mean operation time was 259.1 = 38.59 SD min. The mean
blood loss was 857.8 = 330.22 SD ml. Blood transfusion was
required in 22 (36.67%) patients.

The mean screw density was 1.2 = 0.23 SD. The mean
loss of correction was 1.8 = 1.11 SD. The mean correction
degree was 43.9 += 15.39 SD. The mean correction rate was
71.6 = 9.12 SD %. The mean hospital stay was 3.4 = 0.72
SD days [Table 1].

Cobb angle and SS were significantly lower at 1 m, 3 m, 6 m,
12, and 24 m than preoperative (P < 0.001). PT and SRS were
significantly higher at 1 m, 3 m, 6 m, 12 m, and 24 m than
preoperative (P < 0.001). PI was insignificantly different at
1m,3 m, 6 m, 12 m, and 24 m compared to preoperative.
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Figure 1: (a and b) Preoperative standing X-ray of a 12-year-old girl with Lenke type six adolescent idiopathic scoliosis with a thoracic Cobb angle 45° and a
main lumbar curve with a Cobb angle of 50°, PI =38°, PT =8°, SS =30°. (c and d) Immediate postoperative x-rays showed good correction of the thoracic Cobb’s
angle to 20° and a lumbar Cobb’s angle of 23° and P1 =40°, PT =17°, SS =23°. (e and f) At 16 months postoperatively the thoracic Cobb angle remains 20° and
the main lumbar curve remains the Cobb angle of 23° with Pl of 40°. (g and h) Preoperative and postoperative clinical pictures of the patient, respectively

Table 1: Demographic and operative data (n=60)

Age (years) 14.6+2.68
Sex
Male 5(8.33)
Female 55 (91.67)
Types of curves
| 28 (46.67)
Il 2(3.33)
1l 4(6.67)
[\ 3(5)

v 19 (31.67)
\ 4 (6.67)
Operation time (min) 259.1+38.59
Blood loss (mL) 857.8+330.22

Blood transfusion 22 (36.67)
Screw density 1.2+0.23

Loss of correction (°) 1.8+1.1
Correction (°) 43.9+15.39
Correction rate (%) 71.6+9.12
Hospital stay (days) 3.4+0.72

Data are presented as absolute values, mean=SD, or frequency (%). SD - Standard
deviation

The change value of SRS at 1 year was —52.3 * 5.54, and the
change value of PI at 1 year was —0.2 = 0.29.

There was a positive correlation between screw density and
operative time and blood loss (P < 0.05) and between the
degrees of correction and change of SRS (P = 0.004). Yet,
there was no correlation between screw density and hospital
stay, loss of correction, correction rate, and change of SRS.
Furthermore, there was no correlation between the change
of SRS and the change of Pl and between the Cobb angle
and change of PI.

Acute anemia occurred in 4 (6.67%) cases for which they
received adequate blood transfusion. Persistent vomiting
occurred in 2 (3.33%) patients, which improved after
2 days of medical treatment. Loosening of a screw nut
occurred in 1 (1.67%) patient after 6 months and was
managed conservatively. Two cases (3.33%) suffered from
postoperative ileus, in which one of them proved to
be a superior mesenteric artery syndrome. Both cases
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were managed conservatively. Both cases were managed
conservatively. Out of the total, three cases (5%) experienced
superficial wound infections, which were also treated with
oral antibiotics. In addition, two cases (3.33%) presented
with lower limb numbness and mild weakness, showing
improvement with conservative measures after a 3-month
period [Tables 2-4].

DISCUSSION

Pedicle screws provide excellent outcomes for correcting
major curves in AIS patients due to their mechanical strength
and rigid fixation of the vertebrae. However, there are
limitations to using a high-density screw technique, such
as longer operations, increased blood loss, risks of screw
misplacement, and higher costs.

Debates among spine surgeons persist regarding the
relationship between screw density and three-dimensional
curve correction, aiming to determine the minimum safe
screw density needed for effective and sustainable curve
correction in the long term.

Numerous authors have demonstrated a significant
correlation between the correction of the coronal curve
and the increased density of screws. Nevertheless, further
research has shown promising results with low-density screw
techniques in surgical interventions for AIS.%14

In this study, the average screw density was 1.2 = 0.23
screws per fused level, with an average correction angle
of 43.9° £15.39°, a correction rate of 71.6% £9.12%, and a
loss of correction of 1.8 = 1.11. A positive and statistically
significant relationship was found between screw density
and operative time (r = 0.343, P = 0.007), as well as a
more significant correlation with blood loss (r = 0.499,
P < 0.001). No statistically significant associations were
observed between screw density and the length of hospital
stay (r = 0.147), loss of correction (r = 0.229, P = 0.078),

correction rate (r = 0.224, P = 0.084), or changes in SRS
scores (r = —0.125, P = 0.341).

In line with our findings, Yeh et al.! reported an average
screw density of 1.60 in their patient cohort. Kilinc et al.'%
also mentioned a mean screw density of 1.3 with an average
of 9.6 fused levels. In addition, Tannous et al."® illustrated
that the average construct density observed was 1.2 screws
perfusion level. Moreover, Vora et al.'” confirmed that
lower screw density was linked to reduced operative time
and decreased blood loss. They concluded that using lower
density compared to higher density constructs, as evaluated
by SRS-30 scores, led to similar outcomes with significantly
less blood loss and operative time.

Over the past decade, several studies have extensively discussed
the relationship between implant density and correction of
coronal balance in AIS patients, yielding conflicting results.
Yeh et al."! found no correlation between anchor density and
correction of the coronal curve or apical vertebral rotation in all
AlIS patients. Similarly, Sariyilmaz et al."® observed no significant
differences in curve correction between early postoperative and
final follow-up periods, regardless of screw density. Rushton
et al.'® also showed no association between screw density and
correction of coronal curve, dorsal kyphosis, or LL.

Li et al.'" confirmed a mild negative relationship between
screw density and loss of correction of the main thoracic
curve, with correlation coefficients of —0.25 in the
nonstructural region at 2 weeks postoperatively and —0.09
for correction ratio and screw density. They suggested that
lower screw density was mildly associated with decreased
correction of the main thoracic curve, as indicated by a
correlation coefficient of —0.27 (P = 0.036). Gebhart et al.”*”
found no correlation between correction of the main thoracic
curve and implant density. In contrast to our results, other
authors have shown positive relationships between anchor
density and AIS coronal curve correction. Mac-Thiong et al.l'
determined that implant density is a significant predictor of

Table 2: Correlation between Cobh’s angle, pelvic tilt, sacral slope, scoliosis research society-30, and pelvic incidence

Preoperative Tm 3m 6m 12 m 18 m 24 m
Cobb (°) 60.2+13.78 22.5+5.96 22.9+5.97 23.4+4.69 21.9+4.84 224491 24.2+5.02
P <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
PT (°) 10.6+7.76 M.7x71.71 121+7.73 12.6+7.93 13.1+8.02 13.7+7.82 14.2+7.78
P <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
SS(?) 39.9+8.49 36.3+8.71 35.8+8.53 35.2+8.47 32.8+8.6 33.8+8.73 35.7%+8.72
P <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
SRS-30 score 73.6=6.71 81+6.9 90.1%6.91 101.2%+6.71 125.9+7.56 128.3+7.86 136.5+7.93
P <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
PI (°) 52.8+11.55 52.8+11.55 52.9+11.74 53+12 53.1+£11.25 53.1+11.84 53.2+11.91
P 0.668 0.393 0.402 0.075 0.081 0.628

*Significant as P<0.05. Data are presented as mean=SD. Pl - Pelvic incidence; SRS - Scoliosis research society; SD - Standard deviation; SS - Sacral slope; PT - Pelvic tilt
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Table 3: Change value of scoliosis research society score and
pelvic incidence of the studied patients

Change value at 24 m
SRS —52.3+5.54
Pl —-0.2+-0.29

*Significant as P<0.05. Data are presented as mean+SD. Pl - Pelvic incidence; SRS -
Scoliosis research society; SD - Standard deviation

Table 4: Correlation between screw density and other variables,
correction degree and change of scoliosis research society,
change of scoliosis research society, and change of pelvic
incidence and between Cobb and change of pelvic incidence

Screw density (r) P
Operation time (min) 0.343 0.007*
Blood loss (mL) 0.499 <0.001*
Hospital stay (days) 0.147 0.259
Loss of correction 0.229 0.078
Correction rate (%) 0.224 0.084
Change of SRS —0.125 0.341
Correction in degree (r) P
Change of SRS 0.365 0.004*
Change of SRS (r) P
Change of Pl —0.022 0.861
Cobb (r) P
Change of PI 0.008 0.945

*Significant as P<0.05. PI - Pelvic incidence; SRS - Scoliosis Research Society

major coronal curve correction in AlS patient surgery. Having
more anchors within the main curve can lead to increased
coronal curve correction. They also noted that adding more
implants when density is =70% within the main curve does
not affect coronal curve correction. However, Sudo et al.?"
established that changes in dorsal kyphosis were significantly
associated with screw density on the concave side but not
the convex side.

Across these various studies on surgically treated AlS patients
focusing on implant density, there were notable differences
in outcomes, primarily radiologically (curve correction),
which did not correspond to clinical outcomes (SRS 30). This
confirms that achieving maximum curve correction without
improving clinical outcomes is futile.

Before surgery, adequate planning is essential to ensure
proper thoracic kyphosis and LL, taking into account sagittal
pelvic measurements. While there has been extensive
research on coronal curve balance, the differences in sagittal
spinopelvic profile between nonscoliotic adolescents and
those with AIS post-PSF have not been thoroughly explored.

These results align with the findings of this study. The mean
pre- and postoperative Pl values were 52.8 = 11.55 and
53.1 = 11.25 at 12 months and 53.2 = 11.91 at 24 months,

respectively. While the pre- and postoperative SS mean
values were 39.9° +8.49° and 35.7° +8.72° at 24 months,
respectively, showing a reduction of 4.2°. Mean PT showed
an increase of 3.6° postoperatively at the last follow-up. The
changes in the SS and PT values were statistically significant.
Farshad et al.” reported that Pl was 50° +12°, PT 12° +7°,
and the SS 38° +10°. Roussouly and Pinheiro-Franco.?* found
that postoperatively, SS and LL decreased, PT increased,
and PI remained the same. Data regarding the relationship
between coronal balance and pelvic parameters are not yet
fully validated. Ito et al.® observed that different spinal and
pelvic parameters showed that PI, LL, and TK were correlated,
whereas Cobb angle had no influence on pelvic parameters.
Yang et al.?® indicated that there was no significant
correlation between preoperative coronal imbalance and
preoperative sagittal imbalance. Furthermore, no notable
correlation was observed between patients exhibiting final
coronal imbalance and those with final sagittal imbalance.
Moreover, Ma et al.?”! identified a correlation between
coronal and sagittal parameters, whereas the sagittal vertical
axis did not show any correlation with coronal parameters.
Consequently, it was deduced that coronal balance plays a
role in influencing sagittal balance in instances of AIS. In this
study, we found a significant correlation between the change
of Cobb angle and the change of the Pl value, i.e., the coronal
curve and the PI are affected by each other. However, the
percentage of change in both measurements was statistically
insignificant. Upon analyzing this study’s findings, a positive
and statistically significant correlation was found between the
percentage change in the Cobb angle and the SRS-30 score.
A positive correlation was also observed between the degree
of correction and the variation in the SRS score. However,
the magnitude of change in the Cobb angle did not exhibit a
correlation with the overall SRS-30 score. In addition, there
was no statistically significant relationship between the
SRS-30 score and PI, nor was there a correlation between
changes in the Cobb angle and alterations in PI. Ghandehari
et al.l’® highlighted a significant positive correlation
between the percentage of curve correction and the overall
SRS score (r = 0.52, P < 0.001). While no correlation was
found between preoperative coronal balance and the total
SRS score, a significant positive relationship was identified
between the rate of coronal balance correction and the overall
SRS score. In this study, functional outcome was evaluated
using the SRS-30 score on 60 patients after AIS correction
and correlated to PI as an individual parameter. The results
revealed an insignificant correlation between the functional
outcome and both the change and the percentage of change
in PI value. However, the limitations of this study included
the small number of patients and the single-center nature
of the research.
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CONCLUSIONS

AIS correction through a single posterior approach using a
low-density construct leads to substantial curve correction.
The Pl value exhibits minimal, insignificant changes postcurve
correction in AlS cases, attributed to pelvis compensation
through PT and SS adjustments. Pl and Cobb angle are
interrelated, with PI alone not directly influencing patient
functional outcomes assessed by the SRS-30 score. Low-
density implant constructs decrease operative time, blood
loss, costs, and complication risks.
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