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ABSTRACT
Background:  Surgical correction of adolescent idiopathic scoliosis from the posterior approach can be performed by the 

“all screws” technique; hybrid technique with screws and hooks; hybrid technique or with screws, hooks, and tapes; or selective 
fusion (SF) or nonselective fusion (NSF). The aim of the present investigation was to analyze the influence from different 
operative techniques on frontal curve correction and sagittal profile in patients with adolescent idiopathic scoliosis.

Methods:  We conducted a retrospective analysis on 55 consecutive patients with scoliosis who had been treated by 
posterior instrumented fusion. We collected demographic data and analyzed pre- and postoperative radiographs. Statistical 
analysis was performed using SPSS version 25. Because data showed normal distribution, t tests were performed.

Results:  Twenty-two patients were treated using the hybrid technique with screws and hooks; 25 were treated using the 
hybrid technique with screws, hooks, and tape; and 8 were treated using the all screws technique. An SF was performed in 32 
patients and NSF in 23 patients. There was no significant difference with regard to curve correction of the main curve between 
the different techniques. Correction of the minor curve was significantly higher in NSF than in SF patients. In SF, there was 
a correction of the minor curve of 43.9%. Impact on sagittal balance showed no significant differences between NSF and SF.

Conclusion:  The different operative techniques did not show a difference with regard to the correction of the main curve. 
NSF showed a significantly higher degree of correction of the minor curve than SF. However, we still found a correction of 
43.9% of the noninstrumented minor curve in SF. Thus, SF and hybrid techniques do not lead to inferior radiographic outcome.

Clinical Relevance:  SF and hybrid techniques are safe and effective techniques that could be used as an alternative to 
NSF and all screw fixation in the operative treatment for scoliosis.

Level of Evidence:  3.

Biomechanics
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INTRODUCTION

Adolescent idiopathic scoliosis (AIS) is a deformity 
of the spine with an incidence of 5%.1 Depending on 
the degree of the deformity assessed by the Cobb angle, 
conservative or operative therapy is recommended.2 
According to the Lenke classification, scoliotic curves 
can be classified as structural or nonstructural.3,4 Based 
on this knowledge, the concept of selective fusion (SF) 
in the surgical treatment of AIS first explained by King 
et al was refined.5 The premise of SF is that after fix-
ation of the primary structural curve, there is sponta-
neous coronal correction of the unfused nonstructural 
curve.6

The existing data on the correction potential of the 
unfused nonstructural curve vary widely.7 Saramuzzo 
et al described the stability of the correction and the 
improvement of clinical outcome scores over a 10-year 

follow-up for patients who underwent SF.8 Furthermore, 
investigations have shown that patients who underwent 
SF show a higher level of postoperative flexibility and 
movement compared with those who underwent nonse-
lective fusion (NSF).9

However, other investigations showed that SF 
compared with NSF led to a minor correction of the 
nonstructural curves.10,11 According to the subjective 
perception of the patients, Bizzoca et al showed that 
although the SF provides better functional outcomes, 
female patients receiving SF reported a worse perceived 
body image compared with patients treated with NSF.12

Surgical correction from the posterior can be per-
formed by an all screws technique (AS), hybrid tech-
nique with screws and hooks (HTH), or hybrid technique 
with screws, hooks, and tapes (HTHT).13–19

Current data on the correction potential of the differ-
ent techniques vary widely and are inconclusive. Some 
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investigations showed that hybrid techniques (HTs) are 
superior compared with AS techniques with regard to 
the correction of the frontal and sagittal profile.14 Other 
authors reported that the AS technique is better than HT 
with regard to the correction of the frontal and sagittal 
profile.16,17 Other investigations showed that AS was 
superior with regard to the correction of the frontal 
profile and that HT was superior with regard to the cor-
rection of the sagittal profile.15,18,19 Considering these 
inconclusive data on SF vs NSF and on AS vs HT, we 
performed an investigation with a focus on the impact 
of these operative techniques on frontal curve correc-
tion and sagittal balance in patients with AIS.

MATERIALS AND METHODS

The present study was designed as a retrospective 
single-center data analysis. We identified consecutive 
patients who were treated surgically for scoliosis in our 
department between January 2005 and January 2020, in 
the clinical documentation system by diagnostic code.

We included patients with AIS who underwent sur-
gical treatment by posterior instrumented fusion and 
had a complete set of data including full spine x-rays in 
posterior-anterior and lateral view before and after the 
surgery, at the end of the follow-up, and at a follow-up 
of at least 24 months. We excluded patients with other 
types of scoliosis than AIS and those who underwent 
previous treatment with a growing rod system. Patients 
with an incomplete set of data or a follow-up of less than 
24 months were also excluded. Inclusion and exclusion 
criteria are summarized in Table 1.

We recorded demographic information data such as 
sex and age and documented the Lenke classification 
of the included patients. We assessed if the correction 
spondylodesis was performed as SF or NSF. Further-
more, we analyzed the performed surgical techniques: 
AS, HTH, and HTHT. The number of implants for 
each patient was recorded, and implant density was 

calculated. When every pedicle, for example, lamina, 
was equipped with an implant, the implant density was 
given as 1.

Only polyaxial screws and lamina hooks were used.
When used in the most cranial level, the hooks were 
always implanted from the cranial approach in the 
uppermost level on the convex side and from the caudal 
approach on all other levels. When hooks were used, 
they were only used in the 2 or up to 4 most cranial seg-
ments of the instrumented part of the spine, never at the 
lowest instrumented vertebra. Sublaminar tapes were 
only used in the region of the apex of the addressed 
part of the deformity. Tapes have mostly been applied 
at the concave side of the deformity, but in some cases 
(16%; 4/25), they were applied at the convex part as 
well. Examples of pre- and postoperative full-spine 
radiographs from patients treated with the different 
techniques are shown in Figures 1 and 2.

We analyzed the full-spine standing and bending 
radiographs with the IDS 7-PACS-System (Sectra, 
Linköping, Sweden).

The Cobb angles of the main curve and of the upper 
and lower minor curves were measured. We also ana-
lyzed the trunk shift in the frontal plane by measur-
ing the distance between the proc spinous of C7 to the 
central sacral vertical line. End vertebra, stable verte-
bra, and lowest instrumented vertebra were recorded. 
The thoracic kyphosis (TK), lumbar lordosis, and pelvic 
incidence were measured. Some of the performed mea-
surements are shown in Figures 3–5.

Statistical analysis was performed by SPSS 25 
(IBM, Armonk, USA). Descriptive data are given as 
means and SEMs. We tested all continuous variables 
for normal distribution by Kolmogorov-Smirnov tests. 
All variables showed normal distribution. Thus, we per-
formed 1-way analysis of variance and t tests.

This study was approved by the local ethics commit-
tee (Register number 4948) and was conducted accord-
ing to the revised Declaration of Helsinki.

RESULTS

We identified 241 consecutive patients who were 
treated surgically for AIS in our institution between 
January 2002 and January 2020 by diagnostic code. 
After applying the inclusion and exclusion criteria, we 
enrolled 55 patients in our investigation. Forty-seven 
patients were women (85.5%) and 8 were men (14.5%). 
The mean age at the time of surgery was 14.71 (1.04) 
years. The curve types of the included patients accord-
ing to the Lenke classification are shown in Table 2.

Table 1.  Inclusion and exclusion criteria.

Criteria Inclusion Exclusion

Treatment Surgical treatment by posterior 
instrumented fusion

Additional anterior 
surgical procedure or 
previous treatment with 
a growing rod system

Scoliosis 
type

Adolescent idiopathic scoliosis Nonidiopathic scoliosis 
(ie, early-onset or 
neuromuscular)

Data set Complete set of data including 
full spine x-rays in posterior-
anterior and lateral views 
before and after surgery and 
at end of follow-up

Incomplete set of data

Follow-up ≥24 months <24 months
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Twenty-two (40.0%) patients were treated by HTH, 
25 (45.5%) patients were treated by HTHT, and 8 
(14.5%) patients were treated by AS. In 32 patients 
(58.2%), an SF was performed, and in 23 patients 
(41.8%), an NSF was performed. Of the 8 patients who 
underwent AS, 6 were SF cases and 2 were NSF.

The implant density in patients treated by AS tech-
nique was 0.90 (0.10), by HTH technique was 0.69 
(0.13), and by HTHT technique was 0.80 (0.09). Only 
the difference in implant density between the AS 

technique and the HTH technique showed significance 
(P < 0.05).

Table 3 shows the Cobb angles of the main and minor 
curves in the pre- and postoperative radiographs as well 
as the correction of the Cobb angle that was achieved by 
the different techniques.

The difference with regard to the correction of the 
main curve between HTH, HTHT, and AS as well as for 
NSF and SF was not significant (P > 0.05). Correction 
of the minor curve was significantly higher in NSF than 
in SF (P < 0.05). In SF, there was a correction of the 
(noninstrumented) minor curve of 15.1° (1.60°), which 
means a correction of 43.9% on average.

Table  4 shows the difference between lumbar lor-
dosis and pelvic incidence before and after surgery for 
the different techniques. The correction of the sagittal 
balance showed no significant differences between NSF 
and SF (P > 0.05).

The average difference between the Cobb angle of 
the main curve in the preoperative radiographs and the 
preoperative bending was 24.06° (10.63°) and between 
the Cobb angle of the main curve in the pre and post-
operative radiographs was 30.33° (10.76°). This differ-
ence showed a highly significant correlation (P < 0.001; 
correlation coefficient 0.484).

There were no significant changes of these parame-
ters during the median follow-up of 36.61 (5.19) months. 
During this follow-up, none of the patients in the SF or 
NSF subgroups had a documented case of proximal or 

Figure 1.  Example full-spine radiographs of a patient treated with selective 
fusion (A, presurgery and B, postsurgery) and a patient treated with nonselective 
fusion (C, presurgery and D, postsurgery).

Figure 2.  Example full-spine radiographs of a patient treated with hybrid-technique with screws, hooks, and tapes (A, presurgery and B, postsurgery); a patient 
treated with hybrid-technique with screws and hooks (C, presurgery and D, postsurgery); and a patient treated with all-screw technique (E, presurgery and F, 
postsurgery).
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distal junction kyphosis. No patient required revision 
surgery.

DISCUSSION

In this investigation, we analyzed the data of 55 
patients to investigate the impact of SF and NSF as well 
as AS, HTH, and HTHT techniques on frontal curve 
correction and sagittal balance in patients with AIS.

The demographic data of our group of patients with 
an average age of 14.71 years and a female predomi-
nance, as well as the average preoperative Cobb angles 
and curve types, are comparable to data reported in 
other recent investigations.8–19 This seems to indicate 
that our study population may be representative.

In our group of patients, the HT and the AS tech-
niques did not show a difference that was significant with 
regard to the correction of the main curve. This result is 
comparable to the results from Tsirikos and McMillan, 
who reported that HT leads to comparable results with 
regard to the correction of the frontal profile and a supe-
rior correction of TK and of the sagittal balance than the 
AS technique.14 An advantage of our investigation over 
the results of Tsirikos and McMillan is that we analyzed 
the impact of the different techniques on patients with 
different curve types according to the Lenke classifica-
tion.

Figure 3.  Measurement of the Cobb angle from the main curve and the upper 
and lower minor curve in a posterior-anterior view of a full-spine radiograph.

Figure 4.  Measurement of the pelvic incidence in a lateral lumbar spine 
radiograph.

Figure 5.  Measurement of parameters from the sagittal profile. (A) 
Measurement of the lumbar lordosis between L1 and S1 in a lateral lumbar 
spine radiograph. (B) Measurement of the thoracic kyphosis between T1 and 
T12 as well as between T5 and Th12 in a lateral thoracic spine radiograph.
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However, there are also recent investigations that 
show different results compared with our investigation. 
Ruiz et al showed in their retrospective analysis that in 
their group of patients, HT led to less curve correction 
in the frontal than AS.16 However, they included patients 
who underwent all hooks instrumentation without any 
screw instrumentation. There are already data that show 
that the hooks-only technique leads to a poorer outcome 
than the modern HT or AS techniques.20,21

Luo et al stated that compared with HT, AS provides 
better coronal correction but less TK restoration, with a 
decreased incidence of overall complications and reop-
erations in AIS patients.18 In our group of patients, we 
did not observe the reported higher rate of complica-
tions and reoperations in patients who were treated with 
HT instead of AS.

A further parameter that has to be mentioned is that 
the AS technique leads to a higher cost per fused level 
and per degree of correction compared with HT.22 This 
fact may have been caused by the higher implant density 
in cases treated with AS technique compared with the 
HT technique. Comparable to existent data, in our group 
of patients, the NSF showed a significantly higher cor-
rection of the minor curve than SF.10 However, we still 

found a correction of 43.9% of the noninstrumented 
minor curve in SF. Furthermore, the impact on sagit-
tal balance showed no significant differences between 
NSF and SF in our group of patients. Considering SF 
does lead to a lower rate of complications because less 
segments are instrumented, we believe that SF is a good 
and safe alternative for selected patients.

A correction of the Cobb angle in the frontal plane 
that exceeds the degree of correction that is achieved 
by bending radiographs may lead to loss of balance and 
negative impact on the not instrumented minor curves.23 
In our group of patients, we found a significant correla-
tion between the preoperative bending radiographs and 
the surgically achieved correction.

A limitation of our investigation is that we performed 
a retrospective data analysis. However, due to standard 
operating procedures in our department for the surgical 
treatment of AIS, the treatment of the patients is com-
parable.

Table 2.  Lenke classification of included patients (N = 55).

Type of Curve n %

1 21 38.2
2 21 38.2
3 2 3.6
4 3 5.5
5 7 12.7
6 1 1.8

Table 3.  Cobb angles of the main and minor curve in the pre- and postoperative radiographs and the perioperative correction of the Cobb angle by the different 
techniques.

Technique

Preoperative Cobb Angle, ° Postoperative Cobb Angle, ° Correction of Cobb Angle, ° (%)

Main Curve Minor Curve Main Curve Minor Curve Main Curve Minor Curve

All
 � Mean  �  57.26  �  42.23  �  27.95  �  22.20  �  30.33 (52.9)  �  20.03 (47.4)
 � SEM  �  1.81  �  1.81  �  1.60  �  1.49  �  1.45  �  1.74
SF
 � Mean  �  55.50  �  34.36  �  27.43  �  22.93  �  27.53 (49.6)  �  15.10 (43.9)
 � SEM  �  2.15  �  1.50  �  1.83  �  1.90  �  1.61  �  1.60
NSF
 � Mean  �  59.72  �  43.99  �  28.37  �  21.18  �  31.35 (52.3)  �  26.90 (61.2)
 � SEM  �  3.00  �  3.47  �  2.68  �  2.34  �  2.36  �  2.92
HTH
 � Mean  �  61.57  �  44.00  �  28.57  �  20.12  �  33.00 (53.6)  �  25.94 (59.0)
 � SEM  �  3.18  �  3.55  �  2.87  �  2.38  �  2.41  �  3.36
HTHT
 � Mean  �  53.37  �  33.52  �  26.46  �  22.63  �  26.22 (48.9)  �  16.58 (49.5)
 � SEM  �  1.86  �  1.83  �  1.72  �  1.87  �  1.66  �  1.65
AS
 � Mean  �  57.59  �  38.15  �  30.05  �  26.58  �  27.54 (47.8)  �  14.58 (38.2)
 � SEM  �  5.46  �  2.62  �  4.48  �  4.74  �  3.36  �  2.89

Abbreviations: AS, all screws technique; HTH, hybrid technique with screws and hooks; HTHT, hybrid technique with screws, hooks, and tapes; NSF, nonselective fusion; SF, 
selective fusion.

Table 4.  Difference between preoperative and postoperative LL and PI for the 
different techniques.

Technique Preoperative Postoperative Pre- and Postoperative

All
 � Mean  �  5.8073  �  4.1262  �  1.3875
 � SEM  �  1.94256  �  2.39210  �  2.46151
NSF
 � Mean  �  6.54  �  0.36  �  6.18
 � SEM  �  3.25  �  3.78  �  3.34
SF
 � Mean  �  5.47  �  5.81  �  -0.92
 � SEM  �  1.83  �  2.39  �  2.56

Abbreviations: LL, lumbar lordosis; PI, pelvic incidence.
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CONCLUSION

The HTs and AS did not show a difference that was 
significant with regard to the correction of the main 
curve in our group of patients. NSF showed a signifi-
cantly higher degree of correction of the minor curve 
than SF. However, we still found a correction of 43.9% 
of the noninstrumented minor curve in SF. This seems 
to show that SF and HTs do not lead to worse radio-
graphic outcomes than NSF and AS in carefully selected 
patients.
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