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Abstract

Background A number of studies have yielded disparate findings regarding the relationship between implant den-
sity and curve correction in adolescent idiopathic scoliosis (AlS) surgery. This study compared the efficacy and safety
of low-density (LD) versus high-density (HD) pedicular screw implants in the correction of deformity in AIS regard-
ing clinical, radiological, and quality of life outcomes.

Methods This study was a single-blind, parallel, randomized trial that enrolled 20 adolescent patients with idiopathic
scoliosis scheduled for posterior spinal fusion surgery with all pedicle screw constructs. Patients were randomized
into two groups of 10 patients each. The LD group included patients in whom the number of screws per fused spinal
level had a density of 1.5 or less, while the HD group had a density greater than 1.5. The primary outcomes were

the radiological findings of curve correction. The secondary outcomes included the correlation between implant
density and curve correction, the amount of blood loss, operation time, number of screws, fusion level, hospital stay
duration, and quality of life assessed by the Scoliosis Research Society 22r questionnaire.

Results Radiologically, the postoperative main curves Cobb angles and their changes were comparable

between both approaches without statistical correlation with the implant density (p>0.05). The LD approach signifi-
cantly shortened the operative time (p=0.015), number of screws (p=0.011), implant density (p<0.001), and hospital
stay (p<0.001). However, quality of life scores before surgery and at final follow-up did not differ between the two
techniques (p>0.05).

Conclusions The use of a low-density approach is an effective and safe methodology for attaining satisfactory
deformity correction in AlS patients. Furthermore, this approach confers the additional advantage of reduced opera-
tive time, number of screws, implant density, and hospital stay in comparison to the high-density approach.

Trial registration Pan African Clinical Trial Registry, PACTR202404611444119. Registered 28 March 2024-Retrospectively
registered, https://pactrsamrc.ac.za/TrialDisplay.aspx?TriallD=29382
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Introduction

The use of pedicle screw constructions has gained
popularity in the treatment of individuals with spinal
deformity. Studies have demonstrated that using tho-
racic pedicle screw designs in patients with adolescent
idiopathic scoliosis (AIS) leads to better radiographic
outcomes compared to standard hook and hybrid
structures [1-5]. Thoracic pedicle screws have been
shown to result in enhanced 3D curve correction and a
lower rate of revisions. Furthermore, studies have dem-
onstrated that they can reduce the necessity for ante-
rior surgery in cases of severe deformity and enhance
pulmonary function values [6, 7].

Posterior spinal fusion carries the risk of several
complications including medial breach of spinal canal
with risk of neural injury, risk of injury of major blood
vessels and internal organs, and violation of the pleu-
ral cavity. An example of an extremely severe instance
would be a youngster with a straightforward AIS who
experienced a significant complication due to a mis-
positioned pedicle screw. Furthermore, the mount-
ing costs associated with an increasing number of
implants and the necessity for additional procedures
due to complications resulting from implant misplace-
ment have prompted spinal surgeons to investigate
whether comparable outcomes might be achieved
with a reduced number of anchors. Despite these
challenges, pedicle screw fixation is widely regarded
as the most advanced technique for correcting spinal
deformities. While the utilization of thoracic pedicle
screw constructions is widespread in the management
of thoracic scoliosis, there is still ongoing discussion
regarding the specifics of pedicle screw instrumenta-
tion [8].

A robust correlation has been identified between the
number of screws per vertebral level (implant density)
and the correction of the main curve [9-11]. Stud-
ies have demonstrated that the use of high-density
(HD) screws is associated with enhanced restoration
of thoracic kyphosis and higher ratings on the quality
of life questionnaire [12, 13]. Nevertheless, extensive
research has demonstrated that the use of low-density
(LD) implants, with a screw density of 1.5 or less, can
yield comparable radiographic and clinical results,
while also offering substantial cost savings, shorter
hospital stays, reduced surgery time, and decreased
blood loss [14, 15]. However, the ideal number of
screws per level is still uncertain when treating flexible
thoracic curves. This study aimed to assess the efficacy
and safety of low-density versus high-density pedicular
screw implants in the correction of deformity in AIS
with regard to clinical, radiological, and quality of life
outcomes.
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Methods

Ethical considerations

The study was approved by the Research Ethical Com-
mittee, Faculty of Medicine, Beni-Suef University,
Egypt. The researchers obtained informed written con-
sent from all study participants or their parents. The
trial was registered at the Pan African Clinical Trial
Registry (Trial ID: PACTR202404611444119, Date:
March 28, 2024; https://pactr.samrc.ac.za/TrialDisplay.
aspx?TriallD=29382). We ensured the confidentiality of
all participants’ information.

Study design, setting, and date

This single-blinded, parallel-group, randomized, con-
trolled clinical trial was conducted at Beni-Suef Univer-
sity Hospitals, Egypt, between June 2022 and January
2024.

Eligibility criteria

The study included adolescents aged 10-18 years diag-
nosed with AIS, with a Cobb angle of 40 degrees or
greater and no previous spinal surgery or thoracoplasty.
They were scheduled for posterior spinal fusion sur-
gery with all pedicle screw constructs and a 9-month
follow-up. We excluded patients with any of the follow-
ing: non-idiopathic scoliosis, Cobb angle <40 degrees,
associated congenital anomalies, contraindication to
anesthesia, or coagulopathy.

Randomization, allocation concealment, and blinding
Twenty patients were randomized into two groups (10
patients each) using a computer-generated table. The
randomization sequence was concealed using sealed
opaque envelopes [16]. Only the participants were
blinded to the allocation of intervention.

Interventions

Patients were divided into two groups based on aver-
age screw density. The LD group included patients in
whom the number of screws per fused spinal level had
a density of 1.5 or less, while the HD group had a den-
sity greater than 1.5.

Prior to the procedure, a comprehensive medical
history was obtained, a clinical examination was con-
ducted, and a range of investigations was performed,
which included complete blood count, coagulation pro-
file, liver function tests, renal function tests, pulmonary
function tests, and other relevant assessments.

Following the successful administration of anesthe-
sia, the patients were positioned in the prone position.
An anatomical exposure of the spine was achieved by
performing a midline incision and using a subperiosteal
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dissection of the paraspinal muscles. Once the loca-
tion of entry point was confirmed, screws were inserted
using free hand technique. The two groups demon-
strated disparate quantities of pedicle screws. The
corrective maneuvers were identical for both groups.
Allograft bone material and the discarded laminae and
transverse processes were employed for the purpose of
fusion.

Postoperative care

Following surgery, patients were placed in the inten-
sive care unit (ICU) for the initial 24 h to facilitate close
monitoring of their overall bodily functions, improve
pain control, maintain proper hydration levels, and assess
their degree of awareness. A patient-controlled analgesia
system was employed for the management of postopera-
tive pain. All patients were permitted to ambulate either
on the same evening or the following morning.

Follow-up

Follow-up was performed at 2 weeks, 3 months, 6
months, and 9 months postoperatively. Both neurologic
and radiologic evaluations were performed at each visit.

Measurement tools

The Lenke classification scheme was employed [17]. A
PA whole spine X-ray was conducted on a single 36-inch
poster—anterior, lateral, and bending views. The follow-
ing data were collected preoperatively, immediately post-
operatively, at 3 months, and 9 months post-procedure.
All radiographs were subjected to analysis concerning
the following parameters and measurements; upper-end
vertebra, lower-end vertebra, apical vertebra, upper and
lower instrumented vertebrae, vertebral rotation index
using Nash Moe index of vertebral rotation, right and
left bending Cobb angle, lumbar spine modifier (A/B/C),
thoracic sagittal profile, main thoracic Cobb angle (MT),
proximal thoracic Cobb angle (PT), thoracolumbar/
lumbar Cobb angle (TL/L), thoracic kyphosis at (T5—
T12), lumbar lordosis at (L1-S1), and Risser’s grade [18].
The Cobb angle is a measurement utilized to assess the
degree of spinal curvature in patients diagnosed with
scoliosis [19].

Perioperative data were recorded to determine the
operating time, estimated blood loss, hospital stay,
implant costs, number of fused levels, number of screws,
and screw density.

Responses to the Arabic version of the SRS 22 score
which includes 22 items and assesses five categories
(pain, function, self-image, mental health, and satisfac-
tion) were collected prior to surgery and at the final fol-
low-up after nine months [20].
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Study outcomes

The primary outcomes were the radiological findings of
the Cobb angle in the main thoracic (MT) and thora-
columbar/lumbar (TL/L) curves. The secondary out-
comes included the correlation between implant density
and curve correction, the amount of blood loss, opera-
tion time, number of screws, fusion level, hospital stay
duration, and quality of life assessed by the SRS 22r
questionnaire.

Statistical analysis

Data were coded and entered using the Statistical Pack-
age for the Social Sciences (SPSS) version 28 (IBM Corp.,
Armonk, NY, USA). Data were summarized by calculat-
ing means and standard deviations for quantitative vari-
ables and frequencies and percentages for categorical
variables. Group comparisons were performed using
unpaired ¢ test for normally distributed quantitative data
and Mann—-Whitney test for non-normally distributed
data. Paired ¢ test was used to compare before and after
measurements within each group. Chi-squared test (y%)
was used to compare categorical data. The exact test was
used instead when the expected frequency was less than
5. The Spearman’s correlation coefficient was used to ana-
lyze correlations between quantitative variables. P values
less than 0.05 were considered statistically significant.

Results

Twenty patients were randomly divided into two groups.
Group LD patients were operated on with low-density
implants (<1.5 screw density), while Group HD patients
were operated on with high-density implants (>1.5 screw
density) (Fig. 1).

Patients’ characteristics including age, sex, Lenke clas-
sification (Lumbar, thoracic modifiers and PT-MT-TL/L
curves), Risser grade, vertebral rotation, and shoulder
level did not differ significantly between groups (p=0.308,
1,0.777, 0.332, 1, 0.628, 0.137, 1, and 0.276, respectively)
(Table 1).

Table 2 shows that the preoperative, postoperative,
and change/correction of Cobb angle in the MT curve
and TL/L curve as well as the amount of blood loss were
comparable between the two groups (p=0.241, 0.422,
0.888, 0.533, 0.120, 0.822, and 0.529, respectively). Mean-
while, the mean operating time was significantly shorter
in the LD group than in the HD group (228 + 37.8 vs.
276 + 42 min, p=0.015). The mean number of screws in
the LD group was statistically smaller than in the HD
group (15.80 * 3.43 vs. 20.40 * 3.86, p=0.011). The mean
implant density was statistically less dense in the LD
group compared to the HD group (1.26 + 0.24 vs. 1.76
+ 0.16, p<0.001). The mean of hospital stays was shorter
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Fig. 1 The CONSORT flow diagram of the trial

in the LD group compared to the HD group (2.90 + 0.32
vs. 4.40 + 0.84 days, p<0.001). The mean number of fused
levels was comparable between both groups (p=0.18).

Table 3 shows no statistically significant association
between implant density and Cobb angles in MT and
TL/L curve post-correction (p=0.959 and 0.618, respec-
tively) (Figs. 2 and 3).

Using the SRS 22r questionnaire, we found no statisti-
cally significant differences between both groups in terms
of pain, function/activity, mental health, self-image, and
satisfaction either preoperatively (p=0.734, 0.704, 0.479,

Analyzed (n=10)

Excluded from analysis (n=0)

and 0.347, respectively) or at the final follow-up (p=0.808,
1.000, 0.214, 0.075, and 0.530, respectively) (Table 4).

Discussion

The relationship between implant density and correc-
tion of AIS curves has been extensively researched over
the past several decades. However, research has pro-
duced conflicting results. This study aimed to compare
the efficacy and safety of low-density pedicular screw
implants versus high-density pedicular screw implants
in the correction of deformity in adolescent idiopathic
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Table 1 Patients'characteristics
Group HD (n=10) Group LD (n=10) P value
Age, year Mean +SD 16.00+237 1550232 0.308
Min—Max 12.00-18.00 12.00-18.00
Sex, n (%) Male 4 (40.0%) 4 (40.0%) 1.00
Female (60.0%) 6 (60.0%)
Lenke, n (%) 1 (80.0%) 6 (60.0%) 0.777
3 (0.09%) 1(10.0%)
5 (10.0%) 2 (20.0%)
6 (10.0%) 1(10.0%)
Lumbar modifier, n (%) A (50.0%) 4 (40.0%) 0332
B (20.0%) 0 (0.0%)
@ (30.0%) 6 (60.0%)
Thoracic sagittal modifier, n (%) N 0 (100.0%) 10 (100.0%) -
PT curve, n (%) Non 0 (100.0%) 10 (100.0%) -
MT curve, n (%) Structural (90%) 8 (80.0%) 1
Non (10.0%) 2 (20.0%)
TL/L curve, n (%) Structural (20.09%) 4 (40.0%) 0628
Non (80.0%) 6 (60.0%)
Risser grade, n (%) 0 (20.0%) 0 (0.0%) 0.173
1 (0.0%) 1(10.0%)
2 (0.0%) 1(10.0%)
3 (0.0%) 3 (30.0%)
4 (30.0%) 1 (10.0%)
5 (50.0%) 4 (40.0%)
Vertebral rotation, n (%) Nash Moe 1 (10.0%) 0 (0.0%) 1
Nash Moe 2 (60.0%) 7 (70.0%)
Nash Moe 3 (30.0%) 2 (20.0%)
Nash Moe 4 (0.09%) 1 (10.0%)
Shoulder level, n (%) RT up (50.0%) 8 (80.0%) 0.276
LT up (30.0%) 0 (0.0%)
leveled (20.0%) 2 (20.0%)

Group HD high-density group, LD group low-density group, Min minimum, Max maximum, PT proximal thoracic, MT main thoracic, TL/L thoracolumbar/lumbar, RT

right, LT left, SD standard deviation, n numbers

scoliosis regarding clinical, radiological, and SRS 22r
questionnaire.

In our study, the results demonstrated that the LD
pedicular screw implants exhibited comparable deform-
ity correction to the HD approach, with no statistically
significant correlations between curve correction and
implant density. The LD approach resulted in statistically
shorter operative times, fewer screws, higher implant
densities, and shorter hospital stays. Nevertheless, there
was no significant difference in the quality-of-life scores
before surgery and at the final follow-up between the two
techniques.

The objective of surgical intervention for AIS is to
achieve optimal correction and successful fusion in
both the coronal and sagittal planes while maintain-
ing trunk balance [21]. Research has demonstrated that

the number of fixation points plays a pivotal role in the
efficacy of correction, regardless of the corrective tech-
niques employed. Furthermore, a greater number of
anchor points leads to a higher degree of curve correc-
tion. When a specific condition is met, reducing the use
of screw implants does not affect the ability of deformity
correction [22]. The quantity of anchor points is of great
importance for the pedicle screw implants. Neverthe-
less, the incremental number of anchor points in the all-
pedicle screw implant has a negligible impact on the final
curve correction, primarily due to the enhanced pull out
force of a single screw.

Consistent with our study, Morr et al. [23] found that
the HD and LD approaches had similar major curve cor-
rection rates of 66.9% and 66.6%, respectively. Li et al.
[24] found no statistically significant differences in the
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Table 2 Radiological and perioperative outcomes
Group HD (n=10) Group LD (n=10) P value

Preoperative cobb MT Mean+SD 58.22+17.35 50.25£6.26 0.241
Min—-max 38.00-87.00 41.00-61.00

Preoperative cobb TL/L Mean+SD 5200+ 141 58.00+891 0422
Min—-max 51.00-53.00 45.00-65.00

Postoperative cobb (MT) Mean+SD 7.66+3.77 9.00£6.76 0.888
Min-max 3.00-15.00 2.00-23.00

Postoperative cobb TL/ L Mean+5D 4.00£1.41 9.25+9.11 0.533
Min-max 3.00-5.00 1.00-22.00

Change in cobb post (MT) Mean+SD 50.57+15.05 4125+6.63 0.120
Min-max 34.00-77.00 32.00-54.00

Change in cobb post TL/ L Mean+SD 48.00+0.00 4857+6.13 0.822
Min—max 48.00-48.00 43.00-55.00

Preoperative cobb TL/L Mean+SD 5200+ 141 58.00+891 0422
Min—-max 51.00-53.00 45.00-65.00

blood loss (cc) Mean+SD 635.00+238.00 575.00+265.88 0.529
Min-max 350.00-1000.00 350.00-1000.00

Operating time, minutes Mean +SD 276+42 228+378 0.015*
Min-max 210-360 180-3000.001

Number of screws Mean+SD 2040+3.86 15.80+3.43 0.011*
Min—max 13.00-25.00 10.00-20.00

Hospital stay, day Mean+SD 440+0.84 290+0.32 <0.001*
min—-max 3.00-6.00 2.00-3.00

Implant density Mean+SD 1.76+0.16 1.26+0.24 <0.001*
Min—max 1.58-2.00 0.80-1.50

Group HD high-density group, Group LD low-density group, MT main thoracic, TL/L thoracolumbar/lumbar, SD standard deviation, n numbers, Min minimum, Max

maximum

*Significant at P<0.05

Table 3 Correlation analysis between the implant density and
correction rate of the MT curve and TL/L curves

constructs. On the other hand, Larson et al. [28] con-
ducted found that HD implants resulted in a significantly
higher percentage of curve correction for Lenke 1, 2

Postoperative Postoperative
cobb (MT) cobbTL/L curves. However, no relationship was observed between
‘ A implant density and curve correction in Lenke 5 curves.
Implant density Sg é;(;lcaigg? —0014 0261 Several studies [24, 27, 29, 30] have shown that the den-
Pualue 0,959 0618 sity of pedicle screw implants does not affect curve cor-
N 17 6 rection in patients with AIS, those with a large thoracic

MT main thoracic, TL/L thoracolumbar/lumber, n numbers

pre- and postoperative MT Cobb angle between the HD
group and the LD group. Bharucha et al. [25] found that
the HD group had a 66% major Cobb angle correction,
while the LD group had a 63% correction. Skalak et al.
[26] reported that increased implant density was not a
significant factor in improving curve correction in AIS.
Kemppainen et al. [27] argued that effective correction
of spinal curves can be achieved with LD pedicular con-
structs. They found no significant difference in the degree
of curve correction between HD and LD pedicular

curve, as long as they have a higher degree of curve flex-
ibility. These findings suggest that decreasing the density
of the implants is still helpful, especially for individuals
with Lenke 1 AIS. Chen et al. [14] revealed a good cor-
relation between the density of implants and the correc-
tion of thoracolumbar or lumbar coronal Cobb curves,
without considering curve flexibility. However, the study
did not find a significant association between screw den-
sity and correction index, after excluding the influence of
flexibility using the method described by Vora et al. Cle-
ments et al. [1] found a correlation between the correc-
tion of major spinal curves and the use of high-density
implants within the determined Cobb values.
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Fig. 2 Preoperative (A), postoperative (B), and final follow-up (C) spine radiograph of a patient in the high-density group

T
)
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{

Table 4 Scoliosis research society 22r questionnaire

Fig. 3 Preoperative (A), postoperative (B), and final follow-up (C) spine radiograph of a patient in the low-density group

Group HD (n=10) Group LD (n=10) Pvalue
Mean Mean
Preoperative
Pain 3.85 3.82 0.734
Function/activity = 3.97 394 0.704
Image 298 3.06 0479
Mental health 3.84 391 0.347
Satisfaction - -
Final follow-up
Pain 403 4.01 0.808
Function/activity ~ 4.10 4.10 1.000
Image 4.03 413 0214
Mental health 391 4.04 0.075
Satisfaction 408 4.12 0.530

Group HD high-density group, Group LD low-density group, SD standard

deviation, n numbers

The association between major surgical complications
and both increased blood loss and allogeneic transfu-
sion is well established. There is also conflicting evi-
dence regarding the factors that contribute to increased
blood loss in pediatric spinal deformity surgery [31,
32]. Increased blood loss is often correlated with higher
preoperative Cobb angles, longer fusion structures,
and the inclusion of osteotomies. Chang et al. [14] sug-
gested that a reduced number of screws may lead to a
reduction in bleeding and a shorter operative time.
Moreover, Kilinc et al. [33] demonstrated that LD con-
structed fewer fused segments, lower intraoperative
estimated surgical blood loss, and shorter operative
time, potentially reducing the risk of complications
due to fewer implants. In the current study, the mean
amount of blood loss was reduced in the LD group
compared to the HD group, although the difference was
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not statistically significant. This may be due to the rela-
tively small number of patients included in the study,
which may have been insufficient to identify significant
differences.

In the current study, the LD approach significantly
reduced operative time, number of screws, hospital stay,
and implant density. Kemppainen et al. [27] found that
the use of fewer screws than typically used in posterior
pedicle screw fusion for AIS can achieve excellent curve
correction, stability, and balance. The use of limited
screw density constructs resulted in a reduction in oper-
ative time, as well as a reduction in risk and cost. Shen
et al. [34] also found a significant reduction in operative
time between the HD and LD groups, with the HD group
taking 331 min and the LD group taking 278 min. In con-
trast, Bharucha et al. [25] found no significant difference
in operative time between the HD and LD groups, with
both groups taking 184 and 202 min, respectively. Li et al.
[24] found no statistically significant difference in opera-
tive time between the HD and LD groups, with both
groups taking an average of 201 and 195 min, respec-
tively. Morr et al. [23] found similar results, with no sta-
tistically significant difference in operative time between
the HD and LD groups (192 vs. 183 min).

Another benefit of an LD approach was its association
with a reduced number of pedicle screws that need to be
placed. Furthermore, intermittently positioned pedicle
screws result in a considerably more significant reduc-
tion in cost than commonly believed. The exclusion of the
upper and lower vertebrae, which must be instrumented
to serve as the upper and lower instrumented vertebrae,
respectively, in both LD and HD, results in a notable
reduction in the number of pedicle screws. In a construct
comprising 11 vertebral levels in the fusion, with the exclu-
sion of the upper and lower instrumented vertebrae, the
number of pedicle screws would be 8 and 18 in an LD and
HD, respectively. This represents a reduction of 55.6% in
the number of implants. Similarly, in a structure compris-
ing five tiers, the quantities would be two and six screws,
resulting in a reduction of 66.6% in implantation [11].

Furthermore, screw mispositioning has been associated
with vascular and neurological damage, with a preva-
lence of 1.8-5.1% of screws being mispositioned in pedi-
atric deformities [35]. If 10 spinal levels are fused and two
screws are placed at each level, there is a possibility of
one mispositioned screw per patient. Although the clini-
cal significance of asymptomatic mispositioned implants
is uncertain, using fewer implants reduces the amount of
radiation during screw placement surgery. This also theo-
retically reduces the risk of implant malposition, the need
for revision surgery to correct malposition, and the likeli-
hood of vascular or neurological injury.
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The SRS 22r questionnaire indicated that both
groups exhibited improvement at the final follow-up,
with no statistically significant difference between the
two groups. Similarly, Morr et al. [23], Shen et al. [34],
and Bharucha et al. [25] found that both approaches
showed improvement in their ratings at the final 2-year
follow-up. Ketenci et al. [13] observed enhanced
results specifically in the self-image area of the SRS,
while obtaining equivalent outcomes in the overall SRS
scores.

Several studies were conducted retrospectively, based
on medical records. These studies were susceptible to
bias. This study represents the inaugural randomized,
registered trial to assess radiological, perioperative, and
quality-of-life outcomes in AIS.

The current study had a small sample size and a rela-
tively brief follow-up period of 9 months. To address
these limitations, future research should employ larger,
multicenter trials with calculated sample sizes and
longer follow-up periods.

Conclusions

A low-density approach is an effective and safe method
for achieving satisfactory deformity correction in AIS
patients. There is no correlation between curve correc-
tion and implant density. Furthermore, this approach
confers the additional advantage of reduced operative
time, number of screws, implant density, and hospital
stay in comparison to the high-density approach.
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TL/L  Thoracolumbar/lumbar Cobb angle
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