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Abstract 

The goal of the treatment of early onset scoliosis (EOS) is to correct the deformity while allowing for spinal growth. The aim of 

this study was to determine the safety and effectiveness of a new type of growing rod system the growing spine profiler or GSP 

that may be used in single or dual technique. 

From 2012 to 2016, 15 patients underwent growing rod surgery for correction of EOS as follow. 5 single and 10 dual growing rod 

procedures using the growing spine profiler system (GSP).  

The etiology of the patients’ spinal deformities were as follows idiopathic (5), congenital (4) and neuromuscular (6). 

Clinical evaluation included age, sex, diagnosis, follow-up, number and frequency of lengthenings, and complications. 

Radiographic evaluation included changes in Cobb's angle, kyphosis, coronal and sagittal balance, space available for the lung 

(SAL) ratio, apical vertebral translation, shoulder and pelvic obliquity and T1-S1 height. 

Overall 46 lengthening procedures were performed, the average number of lengthening procedures being 3 per patient.  

The average time between two lengthening procedures was 6 (5-7) months. non-lengthening surgeries were about 30 and was done 

mainly to correct a complication that had happened during the course of surgical correction these surgeries include debridement for 

deep infection. replacement of broken rods........etc and will be listed below 

Average follow-up time was 20 months. The mean coronal Cobb angle was improved from 81.8° to 39°.  

One patient underwent fusion surgery. his age was 9 years, with a follow-up of 6 months. The Cobb's angle before fusion was 100° 

that improved to 61°. There were about 2 complications per patient, Dual growing rods results in better deformity correction and 

stability of correction with an acceptable complication rate. 
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1. Introduction 

Management of early onset scoliosis (EOS) is a challenging 

problem. Infantile and juvenile idiopathic scoliosis, 

neuromuscular deformities and congenital scoliosis are 

grouped under EOS by Akbarnia [1]. Several treatment 

modalities have been described. Initial treatment, involves 

observation, bracing and serial casting [2-6].  

The success of each type of treatment modality varies greatly 

according to multiple factors including pathology, cobb's 

angel, rigidity of the main curve and its location, associated 

kyphosis and patient compliance.  

Surgical treatment is indicated for a congenital deformity, 

progressive deformity or when the other treatment modalities 

fail to control the deformity [7-10-18]. Correction and 

maintenance of a deformity requires solid fusion. This has 

been the standard surgical approach for a patient who has 

completed spinal growth. Some authors have proposed solid 

fusion for EOS as well. However, early fusion will affect the 

development of the thorax negatively and a crankshaft will 

probably occur at follow-up [15]. The goal of the treatment in 

EOS is correction of the deformity and allow spinal growth at 

the same time. Surgery without fusion can maintain sagittal 

balance and correct the deformity without impairment of 

spinal growth [6, 7, 9-18]. It is the most common treatment for 

EOS despite requiring more surgeries resulting in more 

surgical scars. Variable success rates have been reported. The 

growing rod is a common and useful technique for EOS. 

Several studies report the growing rod to be effective, with 

some advantages and complications [7-9, 11, 12, 14, 18]. We 

performed single and double growing rod procedures, without 

fusion, using a new version of the growing rod systems called 

the growing spine profiler or GSP that consists of pedicle 

screw construct caudally and a rib clamp proximally fig (1) 

each connected to a stainless steel rod these rods fig (2) 

connected by a rod connector through which lengthening is 

done 

 

 
 

Fig 1: Rib Clamps 
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Fig 2: stainless steel rods 

 

initially a single rib is included in the rib clamp and as our 

vision become clear we used to include two rib in a single 

larger rib clamp for better proximal anchoring point. The aim 

of this study was to determine the safety and effectiveness of 

single fig (3) and dual GSP rod techniques in terms of 

achieving and maintaining scoliosis correction for the growing 

spine and see which technique was more effective in the 

management of EOS. 

 

 
 

Fig 3: single GSP system 

 

2. Materials and Methods 

From 2012 to 2016, 15 patients (nine (60%) female and 6 

(40%) male) Fig. (4) underwent single or dual growing rod 

procedures in assuit university hospital department of 

orthopedic and Traumatology We performed 5 single and ten 

dual growing rod operations 

 

 
 

Fig 4: male to female ratio 

The average age was 4.8 years for both groups. The etiology 

of the etiology of patient's spinal deformities were as follows 

four idiopathic, four congenital three neuromuscular and four 

neurofibromatosis scoliosis. Fig, (5) 

 

 
 

Fig 5: etiology of the deformity 

 

Only Two patients had prior surgery for EOS. Curve types 

were thoracic in four, thoracolumbar in six, double major in 

three and lumbar in two. Standard standing AP radiographs of 

the spine were used to determine the end vertebrae for pedicle 

screw constructs. There was no difference between single or 

dual rod groups in the determination of the instrumentation 

levels. The most distally instrumented vertebra was 

determined according to the stable vertebra criteria. Only the 

concave side of the main curve was instrumented in the single 

rod group. 

The proximal anchoring point was single rib in our early cases 

but soon we used to include two rib in a single large rib clamp 

we used to anchor the second and third rib if both are suitable. 

we usually use two separate incision caudal one for the pedicle 

screw which is inserted under fluoroscopic guidance one 

screw in each side of the distally instrumented vertebra that is 

put through a wiltse approach to minimize subperiosteal 

dissection and hence premature bony fusion another proximal 

incision is used in the midline and dissection proceeds on both 

sides to reach the target rib in which the rib clamp is applied. 

initially we used to include one rib in a small rib clamp but 

later on we found that it is much better to include two ribs in a 

single larger rib clamp. We did not use any bone graft to 

obtain a solid fusion at the foundation site. A stainless steel 

rod is anchored proximally to the rib clamp and distally to the 

pedicle screw and connected together in the rod to rod 

connector that has four locking nuts and central distraction nut 

were inserted through the paravertebral muscles using the 

Submuscular plane finally first lengthening is done at the 

index surgery that may obtain up to 50% correction. 

Subsequent Lengthening was performed under fluoroscopy 

through a small incision at the connector site every six 

months. Clinical evaluation included age, sex, diagnosis, 

follow-up, number and frequency of lengthening, and 

complications. Postero-anterior and lateral radiography were 

performed initially and during the follow- up period. 

Radiographic measurements included changes in Cobb angle, 

kyphosis, frontal and sagittal balance, SAL ratio, T1-S1 height 

and apical vertebral translation. The data were collected before 

the index surgery, after the index surgery and also after each 

lengthening procedure also all surgical details are recorded 

including length of skin incision, blood loss, operative time 
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and complication during surgery. Patients were mobilized on 

the first postoperative day, with no brace or other orthosis. 

Only strenuous activities were restricted, allowing regular 

daily activities. 

 

3. Results 

Overall 46 lengthening procedures were performed, the 

average number of lengthening procedures being 3 per patient. 

The average time between two lengthening procedures was 6 

(5-7) months. Average follow-up time was 20 months. L5 

hemivertebrectomy was performed in one case and detethering 

was done in another case Overall, at the initial examination, 

the mean coronal Cobb angle was 81.8, the mean global 

kyphosis was 63° Post-operatively the Cobb angle improved 

to 62.5°, after the index surgery and to 58.2° after the first 

lengthening and to 55.2° after the second lengthening and to 

53.6° after the third lengthening and to 49.1° after the fourth 

lengthening. Kyphosis improved from 59° preoperatively to 

58.2° after the index surgery and to 56.7° after the first 

lengthening and to 55.1° after the second lengthening and to 

54.1° after the third lengthening and to 52° after the fourth 

lengthening. There was no significant difference between male 

and female groups in the measurements of correction in the 

coronal plane. 

Fusion surgery was performed via a posterior approach in one 

patient whose initial cobb's angle was 100°that improved 

finally to 60° with satisfactory overall coronal and sagittal 

balance in general correction in the coronal plane was much 

more than that in the sagittal plane and sever kyphosis was one 

of the most important causes of failure in addition to rigidity 

of the curve or early or premature bony fusion 

 

4. Complications  

In our series we have many complications that ranges from 

mild to severe but never catastrophic complications include 

 superficial infection in 6 cases  

 deep infection in 4 cases 

 rod breakage in 6 patients 

 screw pull out in 4 patients 

 rib fracture in 4 patients 

 premature bony fusion in 2 patients 

 skin complications in 3 patients 

 

5. Discussion 
Scoliosis surgery without fusion was first described by 

Harrington in 1962 [16]. Harrington and Luque reported a high 

complication rate that included implant failure and 

spontaneous fusion [15, 16, 1]. The growing rod technique 

without fusion has been popular in treating EOS while 

allowing for spine growth. In the literature, dual or single 

growing rod instrumentation has been reported with varying 

rates of success [7-18]. Klemme et al. reported a coronal Cobb 

angle improvement from 67° to 47°, with a satisfactory 

sagittal curve management in a study of 63 patients with early 

onset scoliosis treated with a single growing rod. They 

recommended using an external support [18]. Blakemore et al. 

report that a single growing rod is useful in the managing of 

EOS, although it has a high complication rate [9]. Minerio et al. 

reported a 40% improvement in the measurement of the initial 

curve, using a single rod [11]. It appears from the literature. that 

a single rod is useful in the management of EOS. In our study, 

however, a single rod corrected the deformity early, but it did 

not maintain this correction and had a high complication rate, 

which is also consistent with the literature as metal failure was 

repeated so we transformed all initial single rod group to a 

dual rod. Akbarnia et al. advised a dual growing rod in the 

treatment of EOS [1, 7, 8]. They showed that a dual growing rod 

can provide better correction and maintenance of correction 

compared to a single rod. A dual growing rod also had a lower 

complication rate than a single rod [1, 19]. 

Minerio et al. and Blakemore et al. reported that they 

performed a lengthening after approximately Cobb angle 

increase of 20° [9, 11]. Akbarnia et al. recommended to perform 

a lengthening at 6 month intervals [1, 19]. Subsequently we 

adopted this protocol and started performing lengthenings at 6 

month intervals on a routine basis. 

The average T1-S1 length increase was reported to be 1.2 cm 

per year in a multicentric study [1]. rib clamp complication, rod 

breakage, implant prominence and skin irritation were the 

major complications of the growing rod techniques [7-9, 11, 12, 18, 

19, 20]. Surgery without fusion has a high complication rate 

regardless of the surgical technique [20, 21]. We used a pedicle 

screw foundation to decrease the number of implant related 

complications. Mahar et al. showed in a biomechanical study 

that a pedicle screw construct provides better strength and 

stability compared to other implant constructs [22]. Some 

authors recommend foundation site fusion to decrease implant 

related complications [1, 17, 21]. We had 4 complications with 

pedicle screws. This seems to be an acceptable rate We had 10 

implant related complications that required surgical revision. 

There were 2 complications per patient that seems reasonable 

and accepted. 

 

6. Recommendations 

The GSP system is a good choice for correcting EOS with 

proper patient selection. Proper surgical technique and proper 

follow up  

 

7. References 

1. Acaroğlu E, Yazıcı M, Alanay A. Three dimensional 

evaluation of scoliotic curve during instrumentation 

without fusion in young children. J Pediatric Orthop. 

2002; 22:492-6. 

2. Akbarnia BA, Blakemore LC, Campbell RM, Dormans 

JP. Approaches for the very young child with spinal 

deformity What’s new and what works. İnstr Course Lect. 

2010; 59:407-24. 

3. Akbarnia BA, Marks DA, Boachie-adjei O, Thompson 

AG, Asher MA. Dual growing technique for the treatment 

of progressive early onset scoliosis: a multicenter study. 

Spine. 2005; 30:46-57. 

4. Akbarnia BA, Marks DS. Instrumentation with limited 

arthrodesis for the treatment of progressive early onset 

scoliosis. Spine. 2000; 14:181-90. 

5. Bess RS, Akbarnia BA, Thompson G. Complication in 

910 growing rod surgeries: Use of dual rods and 

Submuscular placement of rods decrease complications. 

Spine. 2008; 8:13-4. 

6. Blakemore LC, Scoles PV, Thompson GH. Submuscular 

Isola rod with or without limited apical fusion in the 

management of severe spinal deformities in young 

children: preliminary report. Spine. 2001; 26:2044-8. 

7. Nash CL. Current concepts review: scoliosis bracing. J 

Bone Joint Surg Am. 1980; 62:848-52. 



 
International Journal of Multidisciplinary Research and Development 

95 
 

8. Harrington PR. The history and development of 

Harrington instrumentation. Clin Orthop Relat Res. 1973; 

93:110-2. 

9. James JIP. The management of infants with scoliosis. J 

Bone Joint Surg Br. 1975; 57:422-9. 

10. Klemme WR, Denis F, Winter RB. Spinal instrumentation 

without fusion for progressive scoliosis in young children. 

J Pediatr Orthop. 1997; 17:734-42. 

11. Luque ER. Segmental spinal instrumentation for 

correction of scoliosis. Clin Orthop Relat Res. 1982; 

163:192-8. 

12. Mahar AT, Bagheri R, Oka R, Kostial P, Akbarnia BA. 

Biomechanical comparison of different anchors for the 

pediatric dual growing rod technique Spine 2008; 8:933- 

9. Mehta MH. The rib vertebra angle in the early 

diagnosis between resolving and progressive infantile 

scoliosis. J Bone Joint Surg Am. 1972; 54:230-43. 

13. Mehta M, Morel G. In: Zorab P, Siezler D, eds. The 

nonoperative treatment of infantile idiopathic scoliosis. 

London, Academic Press, 1979. 

14. Minerio J, Weinstein SL. Subcutaneous rodding for 

progressive spinal curvatures: Early results. J Pediatr 

Ortop. 2002; 22:290-5. 

15. Moe JH, Kettleson DN. Idiopathic scoliosis analysis of 

curve patterns and the preliminary results of Milwaukee 

brace treatment in one hundred sixty nine patient. J Bone 

Joint Surg. 1970; 52:1509-33. 

16. Moe JH, Kharrat K, Winter RB, Cummine JL. Harrington 

instrumentation without fusion plus external orthotic 

support for the treatment of difficult curvature problems 

in young children. Clin Orthop Relat Res. 1984; 185:35-

45. 

17. Moe JH, Valuska JW. Evaluation of treatment of scoliosis 

by Harrington instrumentation. J Bone Joint Surg. 1966; 

48:1656-7. 

18. Sanders JO, D’Astous J, Fitzgerald M, Khoury JG, 

Kishan S, Sturm PF. Derotational casting for progressive 

infantile scoliosis. J Pediatr Orthop. 2009; 29:581-7. 

19. Sanders JO, Herring JA, Browne H. Posterior arthrodesis 

and instrumentation in the immature risser grade 0 spine 

in idiopathic scoliosis. J Bone Joint Surg Am. 1995; 77: 

39- 45. 

20. Sankar WN, Acevedo DC, Skaggs DL. Comparison of 

complications among growing spinal implants. Spine. 

2010; 35(23):2091-6. 

21. Tello C, Bersusky E, Francheri A. Severe infantile 

scoliosis treated with repetitive distractions followed by 

definitive arthrodesis. Scoliosis Research Society Annual 

Meeting, Seattle, 2002. 

22. Thompson GH, Akbarnia BA, Kostial P. Comparison of 

single and dual growing rod techniques followed through 

definitive surgery: A preliminary study. Spine. 2005; 

30:2039-44. 

23. Winter RB. Scoliosis and spinal growth. Orthop Rev. 

1977; 6:17-20.  


