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Abstract

Study design Retrospective cohort study.

Objective Assess the outcomes of final fusion in early onset scoliosis patients treated with TDGR, particularly with accept-
able coronal and sagittal alignment at the end of their growing age.

Summary of background data Early onset scoliosis (EOS) poses challenges due to the need for managing spinal deformities
while accommodating trunk growth. The dual growing rod (TDGR) technique, a traditional approach, aims to address these
concerns by periodic lengthening until spinal growth ceases. Recent shifts propose observation without immediate implant
removal after achieving spinal alignment, raising questions about the necessity of final fusion surgery.

Methods This retrospective study included 22 EOS patients treated with TDGR who underwent final fusion surgery. Clinical
and radiological data were analyzed, including pre- and post-surgery measurements, complications, surgical approaches,
and screw density.

Results Patients (average initial surgery age: 6.9 years) exhibited significant reductions in main curve angle (preoperative:
65.8°, pre-fusion: 49.1°, post-fusion: 36.3°) and thoracic kyphosis (preoperative: 47°, pre-fusion: 46.6°, post-fusion: 38.7°).
Complications included one surgical site infection and four transient intraoperative neuro-monitoring Impairment. High
screw density correlated with lower total correction.

Conclusion Final fusion surgery post-TDGR treatment shows promise in correcting EOS-associated deformities. Surgeons
and parents should be aware of the procedure’s complexity and potential complications.
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Early onset scoliosis (EOS) is characterized by scoliosis
onset before the age of 10 years [1]. While spinal fusion
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niques aim to support trunk growth while halting or improv-
ing spinal deformities in the coronal and sagittal planes [8].
The traditional dual growing rod (DTGR) method, pioneered
by Akbarnia et al., establishes a foundation using screws,
hooks, or a combination of both at proximal and distal points
for fixation. Rods are interconnected with a connector, and
periodic lengthening, typically every 6 months, continues
until spinal growth or thoracic development plateaus or
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no further distraction is achievable. Subsequently, patients
undergo final fusion surgery involving growing rod removal,
necessary deformity correction, and posterior fusion with
instrumentation [9—12]. Recent studies highlight a poten-
tial paradigm shift in EOS treatment. Patients treated with
growing rods, achieving proper spinal alignment, accept-
able trunk height, and without device-related complications,
may now be considered for observation without immediate
implant removal and final fusion [7]. This potential shift
holds promise for patients and healthcare systems. Given
the limited research in this area, our study aims to assess
the outcomes of final fusion in early onset scoliosis patients
treated with TDGR, particularly with acceptable coronal and
sagittal alignment at the end of their growing age.

Material and methods

This retrospective cohort study commenced following the
approval of our institute’s Ethics Committee. The study
encompassed all patients diagnosed with early onset scolio-
sis, who received treatment with TDGR and subsequently
underwent final fusion surgery. Inclusion criteria comprised
individuals aged below 10 at diagnosis, absence of prior
spine surgery, initial treatment involving TDGR, and sub-
sequent final fusion surgery upon skeletal maturity with at
least 2-year follow-up. Exclusion criteria involved the appli-
cation of growth friendly devices other than TDGR, unavail-
ability of pre- or post-operative radiographs, limited access
to patients’ clinical records, or failure to meet any of the
inclusion criteria. Ultimately, 22 eligible patients meeting
these criteria were included in the study.

Data retrieved from patient records encompassed pre- and
post-surgery age, scoliosis type (Congenital, idiopathic, neu-
romuscular, and syndromic), surgical complications (attrib-
uted to growing rods pre-fusion and to final fusion post-
fusion), frequency of rod lengthening procedures, and the
surgical approach (posterior or combined anterior—posterior)
for final fusion. Any complication related to final fusion sur-
gery was extracted and recorded. Neurological complica-
tions were defined as a decrease or absence of motor evoked
potential (MEP) during intraoperative neuro-monitoring or
intraoperative Stagnara wake-up test. Radiological param-
eters, including primary curvature magnitude, cervical lor-
dosis, and thoracic kyphosis, were measured via the Cobb’s
method on radiographs. These measurements were con-
ducted at three intervals: pre-initial surgery, pre-final fusion
(after the last rod lengthening session), and post-final fusion.
The difference in the main curvature before the growing rod
surgery and after final fusion was considered the total cor-
rection, while the difference before and after final fusion
was deemed the final correction. Screw density (SD) served
as an assessment parameter for screw insertion difficulty,
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calculated as the number of screws placed per fusion levels.
SD values less than 70% indicated low density.

Descriptive statistics employed mean, standard deviation,
median, mode, and frequency. Correlation, ¢-tests, and Chi-
square tests were utilized for data analysis, with significance
set at P <0.05.

Results

A total of 22 patients diagnosed with early onset scolio-
sis (EOS), including seven idiopathic, 10 congenital, four
syndromic, and one neuromuscular curve type, underwent
final fusion surgery subsequent to growing rod treatment at
our referral spine surgery center between 2000 and 2020.
The average age at the initial surgery was 6.9 years (range
4-9), while the mean age at the time of final fusion stood
at 12.6 years. Preoperative, pre-final fusion, and post-
final fusion measurements of the main curve angle were
65.8+17.6, 49.1 £21.6, and 36.3 +22.2 degrees, respec-
tively. These findings indicate a significant reduction in
curve magnitude following both growing rod treatment and
final fusion (Fig. 1). Similarly, thoracic kyphosis angle cor-
rection was observed after final fusion, whereas cervical lor-
dosis angle did not show substantial improvement (Table 1).
Among operated patients, 7 (31.8%) patients were idiopathic
EOS, 10 (45.5%) were congenital EOS, 4 (18.2%) were syn-
dromic, and 1 (4.5%) was neuromuscular EOS.

On average, patients underwent 7.5 rod lengthening ses-
sions. All final fusion procedures were performed through
the posterior approach, and correction was achieved by using
screws and multi-Ponte osteotomies. Complications associ-
ated with the growing rod included rod breakage (36.4%),
hook dislodgment (36.4%), and proximal junctional kypho-
sis (PJK) (31.8%). Following final fusion, 1 patient (4.5%)
experienced a surgical site infection necessitating hospitali-
zation and reoperation involving irrigation and debridement.
Four experienced transient intraoperative neuro-monitoring
impairment (Table 2).

Evaluating the patients before the final fusion, the study
revealed that the mean preoperative main curve magni-
tude was significantly lower in the group experiencing PJK
(P=0.04). Additionally, in this group, the mean pre-fusion
main curve magnitude was also notably lower (P=0.02).
At final fusion, 6 (27.3%) patients had high-density screws
while 16 (72.7%) were in group of low-density screws.
Within this low-density group, the total correction was found
to be lower (P=0.02), although no significant relationship
was observed with the final correction (Table 3).
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Fig. 1 Radiographs illustrating the clinical course of one case. A, B:
AP and lateral preoperative radiographs of an 8-year-old boy with
idiopathic early onset scoliosis with about 50 degrees Cobbs angle.

Table 1 Radiological parameters of patients

C, D: The same patient at the age of 11 and after 7 rod lengthening
sessions; main curve 30 degrees. E, F: After final fusion; main curve
about 5 degrees

Preoperative Pre-fusion Post-fusion Total correction Final correction
Main curve (mean =+ SD) 65.8+17.6 49.1+21.6 36.3+22.2 29.4+19.8 12.8+9.1
Cervical lordosis (mean + SD) 31.5+14.5 29.5+16.5 33.3+149 -0.8+15.2 34+139
Thoracic kyphosis (mean+ SD) 47.1£25.1 46.6+19.3 38.7+13.6 8.6+18.8 79+12.6

Discussion

The management of early onset scoliosis (EOS) presents
a persistent challenge due to the dual necessity of con-
trolling chest growth while addressing both coronal and
sagittal deformities [7]. Presently, the prevailing approach
for EOS involves utilizing growing rods and staged

distraction, typically conducted at intervals of 6 months
until skeletal maturity is achieved, followed by the defini-
tive fusion surgery [11, 13, 14].

This study sought to assess the outcomes of the final
fusion surgery, specifically focusing on the correction of
coronal and sagittal plane deformities, alongside an evalua-
tion of associated surgical complications. Notably, the pri-
mary curve magnitude decreased from 65.8° (preoperative)
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Table 2 Complications related to pre-fusion surgeries and final fusion
surgery

Complications (1) Pre-fusion Post-fusion
SSI 0 1 (4.5%)
Wound dehiscence 0 0

Rod breakage 8 (36.4%) 0

Hook dislodgment 8 (36.4%) 0

PIK 7 (31.8%) 0
Neurologic 0 4 (18.2%)

Table 3 Relation between screw density and deformity correction

Low density High density P value
Total correction 23.8+19.3 443+12.7 0.02
(Mean +SD)
Final correction 12.6 £9.7 13.3+7.8 0.8
(Mean + SD)

to 49.1° (pre-fusion), ultimately reaching 36.3 degrees post-
fusion. Concurrently, mean thoracic kyphosis exhibited a
reduction from 47° (preoperative) to 46.6° (pre-fusion), cul-
minating in 38.7° post-fusion. These findings underscore
the effectiveness of final fusion in rectifying scoliosis and
thoracic kyphosis.

In a study by Cahill et al., comprising nine EOS patients
treated with growing rods followed by final fusion, compa-
rable results were observed, with the mean scoliosis curve
decreasing from 72.6° pre-surgery to 24.4° post-fusion.
Notably, Cabhill et al. reported an 89% incidence of autofu-
sion during final fusion surgery, necessitating multiple oste-
otomies for correction [15]. Our study accounts the neces-
sity of performing Ponte osteotomy in all cases in order to
release autofusion in non-instrumented area of the spine.

Furthermore, Du et al. identified the number of spinal lev-
els involved with the growing rod and the duration of treat-
ment as independent risk factors for reoperation post-final
fusion in a study involving 167 patients [16]. In contrast, our
study, with a smaller cohort (n=22), did not find a similar
association. Moreover, the rate of surgical site infections
(SSI) in our study was 4.5%, with no reported wound com-
plications, akin to Du et al.’s findings. Similarly, Clement
et al.’s study involving 26 patients showcased a reduction in
main curve magnitude and thoracic kyphosis following final
fusion surgery, aligning with our results pre-fusion. How-
ever, discrepancies emerged post-fusion in thoracic kyphosis
measurements [17].

Nevertheless, limitations such as the retrospective nature
of the study, a small sample size, and the absence of a con-
trol group emphasize the necessity for future prospective
research. Larger cohorts with a control group, including
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patients not undergoing final fusion surgery, are essential to
improve the accuracy of future investigations.

Our study highlights the potential for corrective outcomes
through the intricate final fusion surgery in addressing EOS-
related deformities treated with TDGR during the patients’
final growth stage. Surgeons and parents of patients should
be cognizant of the surgery’s complexity and potential
complications.
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