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the growing-rod technique for early-onset
neurofibromatosis type-1 dystrophic
scoliosis
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Abstract

Background: Spinal deformities constitute one of the most common types of manifestations of neurofibromatosis
type-1 (NF-1), which can lead to either dystrophic or non-dystrophic early-onset scoliosis (EOS). Surgical treatment
for EOS with NF-1 is challenging, and the outcomes have rarely been reported. The anterior-posterior procedure is
widely used, but posterior-only fusion is theoretically easier and safer to perform. Is it possible that a new surgery
that accommodates growth is a better choice? A direct comparison between posterior fusion and growth-friendly
surgery in terms of surgical outcomes has not yet been conducted in dystrophic EOS with NF-1 patients.

Methods: Baseline information was extracted from the NF-1 database at our institute with approval from the local
ethics committee. All enrolled patients were diagnosed with NF-1. Clinical and radiographic data were recorded
preoperatively, after the initial surgery, and at the final follow-up. Implant-related, alignment, neurological
complication and unplanned revision surgery data were recorded. We compared the outcomes of these two
groups in terms of curve correction, growth parameters, complications and unplanned revision surgeries.

Results: There were eight patients in the PF group and eight patients in the GR group, with a mean follow-up of
51.0 ± 17.5 months. The main curve size was similar (PF 67.38° ± 17.43° versus GR 75.1° ± 26.43°, P = 0.501), and there
were no significant differences in the initial surgery correction rate or the rate of correction. However, the patients
in the GR group exhibited more T1-S1 growth during the follow-up overall and per year than did those in the PF
group. The operative time was significantly longer for the PF group than for the GR group (PF, 4.39 ± 1.38 vs. GR,
3.00 ± 0.42 h; p = 0.008). Significantly fewer segments were involved in the PF group (8.25 ± 3.20) than in the GR
group (13.00 ± 1.60).

Conclusion: For the initial treatment of dystrophic EOS in patients with NF-1, the GR technique is possibly a more
appropriate treatment than is the PF technique in terms of trunk growth. However, the repeated procedures
required for GR may be a considerable disadvantage. More studies with direct measurement of pulmonary function
must be conducted to determine the effect of GR on pulmonary development. More studies with larger sample
sizes and longer follow-up periods are needed to fully assess the treatment strategies.
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Background
Neurofibromatosis type-1 (NF-1), first described by von
Recklinghausen in 1882, is a rare autosomal dominant
neurocutaneous disorder. It is caused by a mutation in
chromosome 17q11.2 of the NF-1 gene, which leads to a
loss of function of the neurofibromin protein. This re-
sults in a wide variety of manifestations and clinical
complications since it affects most organ systems, in-
cluding deterioration of the skin, bones (neurofibroma),
arteries, peripheral nerves, and the central nervous sys-
tem. NF-1 has an incidence of 1 in 2500 to 3000 individ-
uals and a prevalence of 1 in 4000 to 5000 individuals
[1, 2]. It has been reported that 10–60% of NF-1 patients
present with early-onset spinal deformities, leading to ei-
ther dystrophic or non-dystrophic scoliosis [3]. Typical
dystrophic NF-1 scoliosis has a short, sharp curve and
can be recognized by three or more of the following fea-
tures: rib pencilling, vertebral scalloping, wedging, rota-
tion, and spindling of the transverse process.
Considering the nature of dystrophic NF-1 scoliosis,

which has a tendency of curve progression, leading to
poor pulmonary function and truncal height loss, fusion
is usually recommended [4–6]. Generally, the more se-
vere the dystrophic changes are, the higher the likeli-
hood of a scoliotic curvature. Dystrophic scoliosis used
to be treated aggressively, and anterior-posterior fusion
has been widely used [7, 8]. In recent years, to avoid en-
countering extensive plexiform tumours during the an-
terior approach, posterior-only fusion (PF) has been
reportedly used in treating NF-1 dystrophic scoliosis,
yielding good short-term outcomes [9, 10]. However,
other than in one recent report [11], the long-term out-
comes of early posterior spinal fusion in patients aged
≤10 years old have not been well reported.
Growth guidance using the growing-rod (GR) system

is an alternative surgical treatment that has been demon-
strated to be safe and effective in treating early-onset
scoliosis (EOS). However, its use and outcomes in NF-1
patients have not been extensively reported in the litera-
ture [12, 13]. The purpose of this study was to evaluate
and compare the medium-term surgical results and
complications between these two posterior-based surgi-
cal techniques in early-onset NF-1 dystrophic scoliosis
patients.

Methods
Patients
A retrospective review of all NF-1 patients who under-
went primary surgical treatment for scoliosis between
March 2008 and March 2015 was conducted. The inclu-
sion criteria were as follows: 1) early-onset dystrophic
scoliosis with NF-1 and an age of ≤10 years at the initial
surgery; 2) main curve in the thoracic region; and 3) a
minimum follow-up of ≥2 years. Patients were excluded

if they underwent combined anterior-posterior surgery
or if they were lost to follow-up. NF-1 was diagnosed on
the basis of established criteria [1]. Dystrophic scoliosis
was diagnosed on the basis of the criteria used in Lykis-
sas’s article [14] (Fig. 1).

Clinical and radiographic data
Medical records were reviewed, and the following clin-
ical data were retrieved from the NF-1 database of our
institute: patient demographics, surgical details (includ-
ing the surgical segments involved), the types of anchor
instrumentation (hook, screw, or hybrid), diameters of
the rod, bone grafting strategy (material, location), intra-
operative neurophysiology monitoring, operative time,
blood loss, and the frequency of lengthening for the GR
system.
In terms of the radiographic data, Cobb angles for the

major coronal curve and the sagittal T5-T12 kyphotic
curve, the T1-S1 length, and proximal and distal junc-
tional kyphotic curves were measured preoperatively,
after the initial surgery, and at the final follow-up. Pre-
operative MRI scans were performed for all patients to
screen for tumours and evaluate the conditions of the
neural structures.
All complications were recorded, and the following

were reviewed: implant-related aspects (rod breakage,
dislodgment or prominence, screw malposition, or frac-
ture), alignment complications (fusion curve progression
or crankshaft phenomenon, sagittal or coronal trunk de-
compensation, proximal or distal junctional kyphosis),
and neurological complications (transient or permanent
neurological deficits or worsening).
Unplanned procedures were defined as unscheduled

surgical procedures performed to manage a complica-
tion, including revision surgeries in fusion cases.
Planned procedures were defined as procedures that
were scheduled as part of the routine GR treatment
protocol. The crankshaft phenomenon was defined as
the progression of the Cobb angle by ≥10° [15]. Prox-
imal junctional kyphosis was defined as a sagittal
Cobb angle > 10° measured between the inferior end-
plate of the uppermost instrumented vertebra (UIV)
and the superior endplate of the vertebra 1 level
above the UIV. Distal junctional kyphosis was defined
as a sagittal Cobb angle > 10° measured between the
superior endplate of the lowermost instrumented ver-
tebra (LIV) and the inferior endplate of the vertebra
1 level below the LIV [16].

All radiographic measurements were performed on a
computer by two experienced spine surgeons working
independently. The surgeons were blinded to the mea-
sured outcomes during the study, and the mean values
were used for analysis.
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Fig. 1 Case 2 in PF group: Radiographs of a 4-year-old patient with neurofibromatosis and a 60.9°right thoracic scoliosis, who received posterior
only fusion operation from T7- T11. a. b. Preoperation. c. d. Postoperation. e. f. The adding on phenomenon (arrow) was obvious at the 34-month
follow-up, which was attributed to at the growth of the anterior column of the fusion segments
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Surgical procedures
None of the patients underwent preoperative traction.
Pedicle screws were the preferred type of instrumenta-
tion in all cases. When the pedicle was not large enough
or was obscured, hybrid instrumentation using a hook
and screws was utilized. The upper and lower instru-
mented vertebrae were the neutral vertebrae.
In the PF group, the deformity was corrected by a

combination of rod derotation and sequential in situ
translational reduction, with or without in situ bending
of the rod. Additional correction manoeuvres, including
appropriate compression and/or distraction, were ap-
plied to correct the deformity in three dimensions. The
posterior elements were decorticated, and bone grafts
were placed on the decorticated bed using autogenous
local bone grafts in combination with allogenic bone
grafts. In two cases, the concave-side paraspinal tumours
were resected. Postoperative hard bracing was prescribed
for 6–8 months for all patients.
In the GR group, the standard dual-rod technique,

as described by Akbarnia et al., was used in all cases
[17, 18]. The proximal and distal foundation implants
used were pedicle screws or a combination of pedicle
screws and hooks. The foundation sites were fused
with autogenous local bone grafts mixed with allo-
genic bone grafts. The rod and the connector were
placed underneath the deep fascia. To control the ap-
ical shift, three pedicle screws were placed in the ap-
ical sites on the convex side in two cases.

Statistical analysis
The data were analysed using SPSS (IBM Corp. Released
2013. IBM SPSS Statistics for Windows, Version 19.0.
Armonk, NY: IBM Corp.) and expressed as the mean ±
SD. The patients were divided into two groups according
to whether they underwent PF or GR. For the independ-
ent samples, Student’s t-test and the Mann–Whitney U
test were used to compare the normally and nonnor-
mally distributed data, respectively. The chi-square test
was used to compare the complication rate and the un-
planned surgery rate. A value of p < 0.05 was considered
statistically significant.

Results
Twenty-six patients with NF-1 scoliosis were identified
in our database. Among these, we excluded patients who

Fig. 2 Case 6 in GR group: Radiographs of a 9-year-old patient with
neurofibromatosis and a 65.8°right thoracic scoliosis, who received
posterior Growing Rod Correction from T2- L3 and 3 pedicle screws
without caps were putted in apex area. A.B. Preoperation. C.D.
Postoperation. E.F. The rod of the right side slipped from the apex
groove 6 months later from the initial surgery. The major curve
increased 15.4°, the upper thoracic curve was increased
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underwent anterior-posterior fusion (3 cases, 11.5%),
those who underwent one-stage posterior osteotomy
with short segment fusion (2 cases, 7.7%), and those
whose follow-up period was < 2 years (3 cases, 11.5%).
Two patients in the PF group whose major curve was in
the lumbar region were excluded based on the second
inclusion criterion. Thus, eight cases of PF and eight
cases of GR were included in our study. The average age
of the patients (3 males, 5 females) in the PF group was
7.7 ± 2.3 years, and the mean follow-up was 56.9 ± 18.2
months. The average age of the patients (2 males, 6 fe-
males) in the GR group was 7.4 ± 1.4 years, with a mean

follow-up of 51.0 ± 17.5 months. The mean age (p =
0.74), sex ratio (p = 0.58), and follow-up duration (p =
0.52) were similar between groups.

Surgical data
The operative time was longer for the PF group than for
the GR group (4.39 ± 1.38 vs. 3.00 ± 0.42 h; p = 0.008).
Significantly fewer segments were involved in the PF
group (8.25 ± 3.20) than in the GR group (13.00 ± 1.60).
However, the number of instrumented segments was
similar between the two groups (PF, 5.50 ± 1.93 vs. GR,
4.63 ± 1.19, p = 0.262). The details on the implants

Fig. 3 We attached which is the CT and MRI of Case 2. For the coronary image of MRI, we can see high signal of T2WI on the concave of the
vertebrae, which may be the structure of neurofibroma. For the axial images of CT, enlarged vertebral canal and tapered pedicle of vertebral arch
can be seen. Meanwhile, there are more 6 typical pigmentation spot of the patient’s skin. Diagnosis of all the patients meet the clinical diagnostic
criteria as well
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placed in the apical vertebrae and the rod diameters are
listed in Table 1. In the PF group, eight initial proce-
dures and one revision surgery were performed. In the
GR group, a total of 55 procedures, including eight ini-
tial operations and 47 lengthening surgeries, four of
which were unplanned revision surgeries, were per-
formed. An average of 5.88 ± 1.13 lengthening surgeries
were performed per patient in the GR group, and the
interval between these surgeries ranged from 6 to 11
months.

Curve correction and growth gained
The mean preoperative Cobb angle of the primary curve
was 67.4 ± 17.4° in the PF group and 75.1 ± 26.4° in the
GR group (p = 0.61). The initial correction rate was 52.1 ±
15.3% in the PF group and 56.5 ± 11.9% in the GR group
(p = 0.44). During the follow-up, the major curve of 3 pa-
tients in the GR group decreased; all others showed a fair
degree of progression. Four patients in the PF group ex-
hibited major curve progression. However, there were no
significant differences between the two groups in terms of
the mean correction rate loss (the initial correction rate
(%) - the final correction rate (%): PF, 11.5 ± 8.2% vs. GR,
4.2 ± 11.7%; p = 0.20). The preoperative, initial postopera-
tive, and final follow-up vales for the T5-T12 kyphotic
curve and the T1-S1 distance are presented in Table 2.
The patients in the GR group exhibited more T1-S1
growth per year than did those in the PF group (gain/year;
11.7 ± 2.6 vs. 5.6 ± 1.7mm; p = 0.00).

Complications
Three cases in the PF group had general perioperative
complications (one urinary tract infection, one postopera-
tive ileus, and one superficial wound infection). Two pa-
tients in the GR group had perioperative complications
(one delayed wound healing after the second distraction
and one postoperative ileus). There were no statistically
significant differences between the two groups in terms of
the incidence of general complications (Table 1). There
were no neurological complications in any of the patients.
Radiographically, five patients (62.5%) in the PF group

experienced alignment complications during the follow-
up period: four of them experienced curve deterioration
of the fused segments by for more than 10o, and one
experienced decompensation, with a new lumbar curve
(Fig. 2). On the other hand, only one patient in the GR
group experienced alignment complications; the upper
thoracic structural curve within the instrumented seg-
ments deteriorated by 15.4o (Fig. 3). This difference was
statistically significant between the two groups (p =
0.026), indicating that the GR group had fewer align-
ment complications. There were no cases of proximal or
distal junctional kyphosis in any of these patients. There

were two implant-related complications in the PF group
and four in the GR group.

Discussion
In this study, we reported the clinical outcomes of the
posterior-only surgical treatment for dystrophic EOS in
patients with NF-1. This is the first study to compare
the outcomes of PF to GR surgery in dystrophic NF-1
scoliosis patients under the age of 10 years.
For cases of non-dystrophic EOS, treatment strategies

similar to those for idiopathic scoliosis can be used [19].
Regarding dystrophic EOS cases, for which the deformity
progresses rapidly [14], conservative treatment cannot
control progression, and surgical intervention is often
indicated [5, 6]. Surgical treatments for NF-1 are chal-
lenging to perform [20]. A few cohort studies [11, 12,
21, 22] have indicated that combined anterior-posterior
fusion is recommended for EOS with NF-1. However,
anterior-posterior fusion requires a more complicated
operation and has a higher risk. Currently, pedicle
screw-based instrumentation allows better control of the
vertebral body than do Harrington rods or hook-rod-
based instrumentation, thus making PF possible. PF also
does not require access through the thoracic/abdominal
cavity, which can reduce the difficulty and risk of com-
plications associated with surgery. Recent studies have
shown that PF surgery can yield good outcomes [10, 19].
Given that major curves can progress despite being
fused, early fusion can cause inadequate thoracic growth
in NF-1 patients. Therefore, delaying fusion has been
recommended [23]. The GR system can delay fusion and
reduce the operative time and blood loss. Thus, it has
been performed increasingly more often since its devel-
opment. Both PF and GR methods have been reported
to be used in the treatment of scoliosis, but no system-
atic reviews comparing these two approaches have been
reported. On the other hand, the law of diminishing
returns with growth rods should not be ignored, and it
should be considered that either revision surgery or de-
finitive fusion may be more difficult to perform after
growth-rod treatment.
In our comparative study, the initial curve correction

rates for these two groups (PF, 52.7%; GR, 56.47%) were
similar to those reported for Jain’s GR group (59%) but
did not reach the rate for the anterior-posterior fusion
group (66.15%) [11, 12]. Additionally, the number of seg-
ments instrumented was similar between our study in
Jain’s study. In most cases, the progression of scoliosis is
caused by pseudarthrosis. For patients with EOS, the
crankshaft phenomenon is another important complica-
tion [24]. It was reported that 21% of EOS patients with
NF-1 who underwent PF experienced the crankshaft
phenomenon during the follow-up period in Greggi’s
study [21]. GR reduces the occurrence of the crankshaft
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phenomenon, as does the posterior procedure, while
allowing the trunk to elongate with growth. In our GR
group, one in eight patients experienced the crankshaft
phenomenon, and the follow-up correction rate
remained at 52.27%, which is similar to that in the series
reported by Jain et al. (50.8%) [12]. We should also be
aware that decompensation in the fusion group can be
related to the level selected for fusion.
The GR group favourably demonstrated T1-S1 growth

and T1-T12 growth, whereas the PF group did not. In
our study, the mean number of fused segments was 8.25
per patient in the PF group; the PF group showed sig-
nificantly less T1-S1 growth than did the GR group, and
the GR group demonstrated approximately 1.12 cm/year
of growth in Jain’s series [12]. An increase in the height
from T1-T12, the main parameter of the thoracic cavity,
may be essential for lung growth and pulmonary func-
tion [25]. The T1-T12 growth/year in the GR group
(0.60 ± 0.27 cm/year) was also significantly greater than
that in the PF group (0.20 ± 0.15 cm/year) (p = 0.02), in-
dicating that for EOS patients with NF-1, the GR ap-
proach is better than the PF approach in terms of
thoracic cavity growth. Karol et al. mentioned in their
study that patients with proximal thoracic deformity
who require early fusion are at risk for restrictive pul-
monary disease. The pursuit of alternative procedures to
treat early spinal deformity is merited [26]., Yang et al.
mentioned in their review that growth-friendly spine
surgery has been shown to correct spinal deformity
while allowing growth of the spine and subsequently
lung growth [27]. Karol et al. also mentioned in their
article that diminished thoracic spinal height correlates
with decreased forced vital capacity [28]. We believe
more studies with direct measurement of pulmonary
function in GR group patient must be conducted to de-
termine the effect of GR on pulmonary function
development.
In the PF group, two patients had proximal screw dis-

lodgment (one was displaced, and one was pulled out),
one of whom underwent revision. In the GR group, one
patient suffered loosening of the cap of the proximal
screw, causing the rod to loosen and come out during
the interval between lengthening surgeries. In the study
by Jain et al., proximal construct failure was the most
common implant-related complication (5/14) [12]. The
correction force is high and the bone mineral density is
low in EOS patients with NF-1, which are the main rea-
sons for proximal anchor site failure. Early aggressive
treatment, such as surgeries for dystrophic EOS in NF-1
patients, has been recommended. In Greggi’s report and
our study, the clinical results of PF were unsatisfactory
due to the high occurrence of deformity progression and
its limitation of thoracic growth. The GR system, how-
ever, retained the possibility of growth and allowed

fusion to be delayed in patients with NF-1 while leading
to a degree of deformity progression similar to that of
PF. In our study, the GR group had better outcomes in
terms of blood loss, operative time, correction mainten-
ance, and spinal trunk growth than did the PF group.
However, it is noteworthy that the need for repeated
surgeries was a disadvantage for the GR group in our
study. This disadvantage may be improved by the newer
version of magnetically controlled GRs. This newer ver-
sion of GR with noninvasive distraction has been suc-
cessfully used for EOS cases of various aetiologies [29,
30]. Though its efficacy in the context of NF-1 patients
is currently unknown, it is reasonable to expect better
outcomes with magnetically controlled GR with regard
to the number of scheduled follow-up surgeries.
This study has some limitations. First, this is a retro-

spective study; thus, it is difficult to perform a strictly
case-matched comparison. As it is a fusion technique,
anterior-posterior fusion can lead to more reliable fusion
outcomes than can PF. It would have been better to use
the anterior-posterior fusion technique in a control
group to determine the superiority of the GR technique
in treating dystrophic EOS in patients with NF-1. Sec-
ond, the follow-up duration was not long enough to ob-
serve the effects of different techniques on EOS patient
outcomes and allow a comprehensive analysis of the
cases in these children. Third, it can be argued that PF is
a complete therapy, while GR is an incomplete therapy
because of the need for repeated surgeries. For our
study, we assessed the outcomes from the time of the
initial surgery, as we intended to focus on the initial sur-
gical treatment choice. If the efficacy of the magnetically
controlled GR technique is established, it is worthwhile
to compare it with PF. We did not have direct pulmon-
ary assessment to measure pulmonary function data for
all the patients, and the use of T1-S1 gain as a proxy for
pulmonary function improvement is only shown as a ref-
erence but was not directly indicated. And the sample
size in our study was small, and it was similar to that in
the study by Akbarnia et al. [17] the statistical power of
our study is relatively low because EOS with NF-1 is a
relatively rare condition, and it is difficult to include a
large number of patients. If possible, a multi-centre
study with a larger sample size should be conducted to
further investigate the problem and help us understand
more about this condition.

Conclusions
Overall, after comparing the abovementioned parame-
ters and clinical outcomes between the PF group and
the GR group, we concluded that GRs and PF are both
suitable options for treatment for dystrophic EOS in pa-
tients with NF-1, and the GR system, which allows more
trunk growth, may be more appropriate for the initial
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treatment. More studies with direct measurement of pul-
monary function must be conducted to determine the
effect of GR on pulmonary development. More studies
with larger sample sizes and longer follow-up periods
are needed to fully assess the treatment strategies.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12891-020-03460-6.

Additional file 1: Figure S1. Only one patient had decompensation
with a new lumbar curve, it could related to the fusion level selection
rather than the method of treatment.
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