
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Effect of screw placement configurations to the corrective forces in rods during
scoliosis surgery

Salmingo, Remel A.; Fujisaki, Kazuhiro; Tadano, Shigeru; Abe, Yuichiru

Published in:
Proceedings of the JSME Bioengineering Conference

Publication date:
2012

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Salmingo, R. A., Fujisaki, K., Tadano, S., & Abe, Y. (2012). Effect of screw placement configurations to the
corrective forces in rods during scoliosis surgery. In Proceedings of the JSME Bioengineering Conference

https://orbit.dtu.dk/en/publications/e1bb6fd9-c2ec-4262-ac93-174573dc5625


日本機械学会 第 24 回バイオエンジニアリング講演会〔2012.1.7-8〕 

Copyright © 2012 一般社団法人 日本機械学会 

日本機械学会 〔No.11-47〕第 24 回バイオエンジニアリング講演会論文集（2012.1.7-8, 大阪） 

 

7A25 

Effect of screw placement configurations to the corrective  

forces in rods during scoliosis surgery 

正 サルミンゴ・レメル （北大院）  正 藤崎 和弘 （北大） 

正 但野 茂 （北大）  非 安倍 雄一郎 （えにわ病院） 

非 伊東 学 （北大医）      
     

Remel SALMINGO, Graduate School of Engineering, Hokkaido University, N13 W8, Kita-ku, Sapporo, 

Kazuhiro FUJISAKI, Hokkaido University, Shigeru TADANO, Hokkaido University,  

Yuichiro ABE, Eniwa Hospital, Manabu ITO, Hokkaido University 
 

Key words: Scoliosis, implant rod deformation, corrective force, screw placement configuration 

 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

1. INTRODUCTION 

Scoliosis is a complex disease characterized as three-

dimensional (3D) deformity of the spine combined with 

vertebral rotation. Generally, treatment for severe 

scoliosis is attained by surgical fixation of implant rods 

and screws, Fig. 1(a). These implants are used to apply 

corrective forces and support the spinal loads generated 

during the surgical operation. The corrective forces 

acting at the screws deformed the implant rod during the 

surgical treatment of scoliosis, Fig. 1(b). Analyzing the 

magnitude of corrective forces in rods is important to 

understand the biomechanics of scoliosis correction. 

Similarly, the effect of screw placement configurations 

(i.e. number of screw and screw density) on the 

corrective forces is not yet well understood. Thus, the 

relationship between the corrective forces and screw 

placement configurations needs to be further elucidated. 

The objective of this study was to analyze the corrective 

forces from implant rod deformation and investigate the 

effect of various screw placement configurations on the 

corrective forces during the surgical treatment of 

scoliosis. 

 

2. METHODS 

Six adolescent idiopathic scoliosis patients were 

surgically operated using Simultaneous Double Rod 

Rotation Technique [1]. The 6mm implant rods and 

polyaxial pedicle screws of USS II Polyaxial system 

(Synthes GmbH, Switzerland) were used in the operation.  

The corrective forces were calculated from the 

changes of implant rod geometry before and after the 

surgical treatment of scoliosis. The procedure for 

corrective force analysis is shown in Fig. 2. The initial 

shape of the contoured implant rod was measured before 

implantation. The final shape of the rod was obtained by 

Aquilion CT scanner (Toshiba Medical Systems 

Corporation, Japan). The elasto-plastic finite element 

 

model of the implant rod before surgery was 

reconstructed using Finite Element Analysis (FEA) 

software ANSYS 11.0 (ANSYS, Inc., USA). The 

material properties of the finite element model were 

based from the implant manufacturer specifications. 

Material properties are elastic modulus (E), yield stress 

(σY), yield strain (εY) and hardening coefficient (H) 

equal to 105 GPa, 900 MPa, 8.57x10-3 and 2.41 GPa, 

respectively. The boundary condition was set the same 

as the manner of rod fixation. The forces were iteratively 

applied to the rod through the location of screws until the 

difference Δe was minimized (i.e. rod model was 

deformed the same after surgery). The corrective forces 

were obtained from the loading condition of the final 

iteration step. 

 
 

 
Fig. 1 Image showing implant rod deformation 
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Screw placement configurations were referred to as 

the absolute number of screws used and screw density. 

The screw density was defined as the number of pedicle 

screws used divided by the number of pedicle screws 

that could have been used within the implant rod length 

expressed as percentage.  

3. RESULTS AND DISCUSSION 

The magnitude of corrective forces that deformed the 

implant rod during the surgical treatment of scoliosis 

was computed using FEA. The average force, maximum 

force, number of screws and screw density for each 

patient were summarized in Table 1. 

Figure 3 shows the relationships between the 

absolute number of screws and magnitude of forces. A 

decreasing trend was found for the average and 

maximum force with increasing number of screws, 

however, the correlation was not significant (r = 0.63 

and r = 0.33, p > 0.05 respectively). The corrective 

forces tend to be more distributed with increasing 

absolute number of screws. 

A significant correlation could not be found even 

though the average force tended to decrease with 

increasing screw density (r = 0.52, p > 0.05), in Fig. 4. 

Likewise, the maximum force of each patient did not 

correlate well with increasing screw density (r = 0.28,  

p > 0.05). For some patients, the magnitudes of forces 

were lower than the patient who had 100% screw density. 
Thus, if we consider the magnitude of forces, having 

higher screw density is not the safest surgical strategy. 

 

Table 1. Summary of magnitude of corrective forces, 

number of screws and screw density of each patient 
  

 Unit: N 

Vertebra 

Level 

Patient 

1 2 3 4 5 6 

T2    49  270 

T3    33  58 

T4    33  74 

T5 182   31  115 

T6 43 59 375 36 *263 139 

T7 66 55 260 ― 34 ― 

T8 ― ― ― ― 82 ― 

T9 ― ― ― 93 96 ― 

T10 106 ― ― 39 99 151 

T11 84 177 301 63 85 89 

T12 65 *198 149 56 63 *399 

L1 35  *439 28 39  

L2 *248   29 253  

L3    *192   
    

 
  

Ave. Force (N) 104 122 305 57 113 162 
*Max. Force (N) 248 198 439 192 263 399 

No. of screws, n 8 4 5 12 9 8 

Screw density (%) 80 57 63 86 100 73 
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Fig. 2 Procedure for corrective force analysis 

 
Fig. 3  Relationship between number of screws, average 

and maximum force 

 
Fig. 4  Relationship between screw density, average and 

maximum force 
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