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 Spinal deformities are characterized by a change in a position beyond 

certain normal limits of the vertebral region. Adolescent Idiopathic 

Scoliosis (AIS) consists of coronal, sagittal, and axial plane abnormalities. 

The development of more effective instrumentation results in better 

correction results with different correction maneuvers. Pedicle screw 

instrumentation is the currently reliable method for achieving optimal 

correction of deformities in AIS. satisfactory deformity correction was 

achieved with both high-density and low-density pedicle screw 

instrumentation. However, it is accompanied by a reduction in the duration 

of surgery and the amount of bleeding, Implant costs are also reduced by 

construction using a low-density pedicle screw. To determine the difference 

in radiological outcome in scoliosis patients operated with high and low 

density pedicle screws at Adam Malik Hospital in 2016-2021. This is an 

analytics retrospective study with a cross sectional design. The sample in 

this study is all Adolescent Idiopathic Scoliosis that underwent operative 

treatment in Adam Malik Hospital. The sample was obtained using total 

sampling method where all patients fulfilling inclusion and exclusion 

criteria are engaged in this study. Sample was obtained as secondary data 

from medical records. The obtained data is analyzed with t-independent test 

with p-value <0.05 is considered significant. A total of 25 subjects was 

obtained. All subjects are female (100%), with mean age 16 years (± 3.29), 

with 10 subjects in high density category and 15 subjects in LD category. 

Mean operating time is 245 minutes (± 50.06) and mean blood loss is 390 

cc (± 222.67). There is no significant difference in scoliosis operation using 

high and low density pedicle screw implant with p-value 0.540 and 0.697 

respectively. There is no statistically significant difference in radiological 

outcome between scoliosis patient operated with high and low density 

pedicle screw at Adam Malik Hospital in 2016-2021. 
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1. INTRODUCTION 

Spinal deformities are characterized by a change in a position beyond certain normal limits of the vertebral 

region and can be evaluated in three sections: sagittal (kyphosis/lordosis), coronal (scoliosis), and axial 

(rotational) [1]. Scoliosis is a three-dimensional deformity of the spine, characterized by lateral curvature of 

the spine, accompanied by axial rotation of the spine. Adolescent Idiopathic Scoliosis (AIS) is the most 

common type, comprising about 80% of pediatric scoliosis and affecting about 3% of adolescents under 16 

years of age [2]. 

 

AIS consists of coronal, sagittal, and axial plane abnormalities. The overall prevalence of AIS is 0.47% to 

5.2% in the current literature [3]. AIS generally affects girls with a female-to-male ratio of 1.5:1 to 3:1.4 This 

ratio increases with age [5]. This prevalence may vary across studies and countries. For example, the 

prevalence range is 0.7–7.5%. found in Spain, in North America it ranges from 0.4–3.9%, in Asia 0.4–2.5%, 

in Israel it is estimated at 0.1%, in the Middle East 1.9% and the previously reported prevalence in Australia 

is 1.9% [1]. 

 

From one of the largest screening studies in Malaysia of school-age children to adolescents, 2.55% were 

found to have clinical AIS [6]. As for Indonesia itself, an AIS early detection study was conducted on 784 

elementary and secondary school students in Surabaya in 2010 and found 23 students with AIS (prevalence 

rate 2.93%) [7]. 

 

Most patients presenting initially because of deformities such as perceived asymmetry in the shoulders, 

waists, or ribs that are noticed by the patient, family member, primary care physician or school nurse. Breast 

asymmetry may be the first thing female patients notice [4]. Also mentioned that the clinical manifestations 

of AIS patients are the presence of asymmetrical shoulders, the waists look unbalanced, and protrusion of the 

ribs which causes the patient to be insecure and cause emotional stress [8]. 

 

The surgical management of AIS evolved historically from rod placement, compression-distraction to 

posterior pedicle screw instrumentation. The development of more effective instrumentation results in better 

correction results with different correction maneuvers [9]. Correction systems with optimal correction and 

rigid fixation with minimum fusion are considered ideal, and must be able to correct deformities of all 

dimensions [10]. 

 

Pedicle screw instrumentation is the currently reliable method for achieving optimal correction of deformities 

in AIS. However, the optimal instrumentation construction is still controversial because the optimal number 

and configuration of implants has not been determined [11]. 

 

Several studies have shown that construction with LD pedicle screws can exhibit similar clinical and 

radiological outcomes. In a 2017 study in China in a population of patients with Lenke 1 AIS, satisfactory 

deformity correction was achieved with both high-density and low-density pedicle screw instrumentation. 

However, it is accompanied by a reduction in the duration of surgery and the amount of bleeding. Implant 

costs are also reduced by construction using a low-density pedicle screw [12]. 

 

The purpose of this study was to analyze the difference in radiological outcome between scoliosis patient 

operated with low- and high-density pedicle screw in Adam Malik Hospital in 2016-2021. 

 

2. Methods 

This is an analytics retrospective study with a cross sectional design to analyze the difference in radiological 
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outcome between scoliosis patient operated with low- and high-density pedicle screw in Adam Malik Hospital 

in 2016-2021. The study was performed in Adam Malik Hospital Medan from May 2021 to August 2021. 

The Study was started after receiving Ethical Clearance from Health Research Ethical Committee of Faculty 

of Medicine, University of North Sumatera. 

 

This study used samples obtained from medical record of adolescent Idiopathic Scoliosis patient underwent 

surgery in Adam Malik Hospital in 2016-2021. The densities of pedicle screw of the samples were defined 

as the mean pedicle screw used on every level of vertebra underwent fusion. Both Cobb angle and Kyphotic 

angle of the samples were measured pre- and post-operatively and the percentages of correction were 

calculated. 

 

The data obtained were processed analytically using Statistical Package for the Social Sciences (SPSS) 23 

and presented using table and narration. 

 

3. Results 

A total of 25 subjects was obtained. All subjects are female (100%), with mean age 16 years (± 3.29), with 

10 subjects in high density category and 15 subjects in LD category. Mean operating time is 245 minutes (± 

50.06) and mean blood loss is 390 cc (± 222.67). The characteristics of samples were described in table 1. 

 

Table I. Sample Characteristics 

Parameter  n(%) Mean (SD) 

Age   16 years (±3.29) 

Gender    

Male  0 (0%)  

Female  25 (100%)  

Pedicle screw density    

High (>1.2 Screw per level) 10 (40%)  

Low (<1.2 screw per level) 15 (60%)  

Duration of surgery  245 minutes (± 50.06) 

Blood loss  390 cc (± 22.67) 

Cobb angle   

Pre-operative  66o (30o-90o) 

Post-operative   33.84o (8o-54o) 

%correction  49.8% ± 8.094 

Kyphotic angle   

Pre-operative  25.04o (6o-50o) 

Post-operative   15.44o (6o-40o) 

%correction  32.18% ± 27.2 

 

The Cobb angle and Kyphotic angle in this study showed statistical analysis result that were not significant 

0.540 and 0.697 (p>0.05) in percentage of correction difference between the low-density and high-density 

group respectively. 

 

Table II. Difference in Correction Percentage 

 % Correction, Low Density % Correction, High Density P 

Cobb Angle 50.64% (±15.46) 48.57% (±11.60) 0.540 

Kyphotic Angle 29.88% (±26.3-0) 35.64% (±29.72) 0.697 
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Additional analysis showed statistically significant result (p<0.05) in correction of Cobb angle (0.000 and 

0.018) and Kyphotic angle (0.004 and 0.000) pre- and post- operatively in both low-density and high-density 

group respectively. 

 

Table III. Cobb angle and Kyphotic angle correction in Low density group 

 % Correction, Low Density % Correction, High Density P 

Cobb Angle 67.47o (±11.79) 34o (±13.39) 0.000 

Kyphotic Angle 24o (±26.3-0) 15.73o (±7.04) 0.004 

 

Table IV. Cobb angle and Kyphotic angle correction in high density group 

 % Correction, Low Density % Correction, High Density P 

Cobb Angle 65.3o (±17.7) 33.6o (±12.35) 0.018 

Kyphotic Angle 26.6o (±13.85) 15o (±9.854) 0.000 

 

4. Discussion 

From this study, it was found that the number of patients who underwent scoliosis correction surgery at Adam 

Malik Hospital in Medan from 2016-2021 was 28 people and after entering the exclusion and inclusion 

criteria of this study, 25 samples were included in the study. from the 25 research samples, all of them were 

female (100%) with an average age of 16 years (12-14 years). This is in line with a large-scale study in Turkey 

on 16,347 students which found 369 cases of AIS with a prevalence of 2.3% (2.19-2.41). The prevalence of 

AIS is 1.5% (1.43-1.57) in males and 3.1% (2.95-3.25%) in females. The mean age of AIS cases in this study 

was 12.2±1.3 years [13]. 

 

This difference in the mean age could be due to the lack of awareness of the patient and parents about the 

incidence of scoliosis and Screening with a scoliometer and Adam Forward Bending Test can be performed 

at the age of 13-14 years in boys and 10-12 years in girls [7]. Research in New York in 2019 on populations 

with poor economic conditions also showed the average US case of Adolescent Idiopathic Scoliosis was 15 

years. 1 in 5 of the study population was never screened and 3 of 5 children in the population did not receive 

treatment according to the Scoliosis Research Society's (SRS) recommendations.14 This shows that scoliosis 

screening programs in schools play an important role in scoliosis detection [6]. 

 

Pedicle screw instrumentation is the currently reliable method for achieving optimal correction of deformities 

in AIS. The pedicle screw construction has become the standard of AIS therapy because of the three-column 

fixation of the pedicle screw, more corrective force can be applied and allows three-dimensional correction 

of the curve. However, the optimal instrumentation construction is still controversial because the optimal 

number and configuration of implants has not been determined [11]. 
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Figure 1. High (left) and Low (right) density pedicle screw 

 

To optimize correction of the scoliosis curve, many surgeons use high-density pedicle screws of up to two 

screws per instrumentation level. Although a high-density pattern can result in a rigid construct with more 

options for corrective maneuvers, it is associated with an increased risk of incorrect screw placement, leading 

to neurologic, vascular or visceral injury. Prolonged operation duration with increased bleeding and 

fluoroscopy time with increased risk of radiation exposure to patient and surgical team [15]. 

 

In this study, it was found that there was no significant difference between the radiological outcomes of 

scoliosis operated on with high-density and low-density pedicle screw implants with p<0.005. This finding is 

similar to the systematic review by of 12 other studies that discussed the construction of high- and low-density 

pedicle screws in scoliosis patients showing no difference in the Cobb angle of the major curve in the two 

groups. This study also found differences in the duration of surgery, the amount of bleeding and hospital costs 

of the high-density and low-density groups [16]. 

 

Another study by that discussed 10 studies on implant density in AIS patients showed the same curve 

correction rates in the high- and low-density groups [17]. A 2016 Michigan study involving 52 AIS cases 

showed no significant difference in curve correction for the high- and low-density groups. With duration of 

operation, risk and cost are reduced by using LD construction [18]. 

 

The 2019 study in Taoyuan showed that implant density was not associated with correction of the axial and 

coronal curves. A weak positive correlation with implant density was found in kyphotic correction of the 

thoracic vertebrae, especially in patients with smaller, more flexible curves [19]. 

 

The insignificant difference found in the radiological outcomes of the samples in this study could be due to 

the operation being performed by the spine surgery team at the same hospital with similar surgical techniques 

and types of implants. This finding is in agreement with who compared groups of patients with the same 

criteria [20]. Complications of scoliosis correction surgery may include pain, neurological deficits, hematoma 

formation, infection, dura mater leakage and implant-related complications [21]. One of the complications 

related to implants is pedicle screw loosening which generally occurs in Upper Instrumented Vertebra (UIV) 

or Lower Instrumented Vertebra (LIV) in pedicle screw construction with an incidence rate of 2.6% [22]. 

Correction of scoliosis with high-density pedicle screw implants showed no worsening of the correction at 

five-year follow-up after surgery and 10-year follow-up of low-dose pedicle screw fixation showed persistent 

curve correction as after surgery [23], [24]. 
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There were several limitations in this study including retrospective study design, assessment of postoperative 

curve correction without longer duration of follow-up in patients. These limitation in the study are expected 

to be improved in further research on a larger scale including many variables not included in this study such 

as cost analysis, complication and clinical outcomes. 

 

5. Conclusion 

Based on the result, we concluded that there is no statistically significant difference in radiological outcome 

between scoliosis patient operated with low-density and high-density pedicle screw at Adam Malik Hospital 

Medan in 2016-2021. 
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