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Abstract
Background  The growth guidance (GG) method for treatment of early onset scoliosis has as its primary goal the restoration 
of apical spinal alignment, facilitating normal spinal growth to achieve a suitable adult thoracic height.
Purpose  To evaluate whether GG surgical treatment achieves comparable thoracic and spinal height to distraction-based 
treatment (DBT) in idiopathic early onset scoliosis (I-EOS) patients. We hypothesized that GG would prove superior to DBT 
at the time of definitive fusion surgery.
Methods  All I-EOS patients who underwent GG at a single center were reviewed. T1–L1 and T1–S1 heights were measured 
using the traditional coronal method as well as the Halifax sagittal spinal length (SSL) technique. The same measurements 
were obtained from a comparable control group obtained from a multi-center pediatric early onset scoliosis database who 
underwent treatment with traditional growing rods (TGR) or magnetically controlled growing rods (MCGR).
Results  Of the I-EOS patients who underwent GG 2004–2019, 15 patients underwent final fusion after GG completion, 
with a mean 5.5 years of GG treatment prior to fusion (range 2.0–11.4 years). Mean age at GG implantation was 8.4 years 
(range 2.0–11.7 years); 7 were male and 8 female. GG patients experienced a mean coronal thoracic height increase of 6.2 cm 
during treatment through final fusion, and a mean coronal spinal height increase of 8.8 cm. At the time of final fusion, GG 
patients achieved greater significant mean increases than DBT patients by 2.9 cm in coronal thoracic height (p = 0.0023), 
4.5 cm in coronal spinal height (p = 0.001), and 4.0 cm in SSL spinal height (p = 0.01). No GG patient concluded treatment 
with a thoracic height less than 18 cm in either coronal or sagittal plane.
Conclusions  Not only did 100% of GG patients reach minimum thoracic height of 18 cm at time of final fusion, but GG also 
proved to be superior to distraction-based constructs in a comparison cohort on 3 of 4 spinal elongation measures.
Level of evidence.
3.
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Introduction

Treatment of early onset scoliosis (EOS) continues to be one 
of the most significant challenges in pediatric orthopaedics. 
Various strategies for growth-preserving spinal correction 
exist, but without strong consensus on which techniques 
are most effective for each type of EOS patients. Within 
the classification subtypes of EOS, idiopathic EOS (I-EOS) 
patients are more homogeneous in that they typically do 
not have significant medical comorbidities or concomitant 
musculoskeletal deformities (El-Hawary and Akbarnia, [1]). 
However, I-EOS patients arguably have the highest func-
tional demands to achieve successful treatment, in that they 
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are fully ambulatory and have normal pulmonary demands. 
Treatment thereby must utilize implants that accommodate 
normal childhood movement demands while also maximiz-
ing thoracic height and pulmonary development (Skaggs DL 
et al., [2]).

Distraction-based techniques (DBT) have been the main-
stay of surgical I-EOS treatment (El-Hawary et al., [7]). 
These include traditional growing rods (TGR), vertical 
expandable prosthetic titanium rib (VEPTR), or the more 
recent development of magnetically controlled growing rods 
(MCGR). The constant between these options, however, is 
multiple return trips to the operating room or multiple, time-
sensitive clinic visits for lengthening.

Growth guidance (GG) is an alternative treatment strategy 
that seeks to avoid these downsides of distraction-based EOS 
treatment. The primary advantage of GG is that it allows for 
continued spinal elongation without repeat rod lengthening 
or additional surgical interventions. GG harnesses the child’s 
spinal growth to achieve spinal elongation, using specially 
designed screws that allow for sliding of the rod at the proxi-
mal and distal ends of the construct for growth around a 
selective fusion at the apex of the deformity (Morell and 
McCarthy, [5]).

There are conflicting reports in the literature regarding 
the relative effectiveness of DBT and GG in terms of achiev-
ing sufficient thoracic height at the completion of treatment 
(Morell and McCarthy, [5]; Skaggs DL et al., [2]; Nazareth 
et al., [9]). Most of these studies had heterogeneous cohorts 
of EOS patients, only evaluated coronal height measure-
ments, and had varying time endpoints for determining spi-
nal growth. The purpose of this study was to evaluate in 
detail the changes in thoracic (T1–T12) and spinal (T1–S1) 
heights specifically of I-EOS patients in both the coronal and 
sagittal planes, using the final fusion as a common endpoint 
of treatment. We hypothesized that GG would prove superior 
to DBT at the time of definitive fusion surgery in terms of 
achieving thoracic and spinal elongation.

Methods

After institutional review board approval, a retrospective 
analysis was completed of all patients with early onset scoli-
osis at a single institution who underwent the guided growth 
(GG) procedure from 2004–2020. Patients with I-EOS were 
then selected as a cohort, as these patients were felt to have 
the greatest functional demands on the implants, highest 
expectation for normal body proportions and pulmonary 
function, and the least heterogeneity in spinal anatomy and 
medical comorbidities.

For each subject in the idiopathic diagnosis group, radio-
graphs were obtained from four distinct time periods; pre-
operative, immediately post-operative from GG, 2 years 

post-operative from GG, and immediately post-operative 
from final fusion. Patient were excluded from the analysis 
if they had not yet undergone final fusion, were lost to fol-
low up before 2 years, or had an index procedure prior to 
GG. Radiographs were voided of identifying information 
and were uploaded to a surgical planning software site, Sur-
gimap (Nemaris Inc., Globus Medical Inc., Audubon, PA). 
Surgimap software allows for the creation of a database of 
radiographs and contains measuring tools to obtain a variety 
of spinal parameters.

For each radiograph, thoracic spinal height (T1–T12) 
and total spinal height (T1–S1) were measured in the coro-
nal plane of a standing PA full-length radiograph. Because 
the coronal measurements do not account for the effect of 
kyphosis and lordosis on true spinal length, sagittal spine 
length (SSL) was also calculated for each radiograph using 
the validated Halifax methodology. A series of multiple 
points were selected to create a best-fit line on the lateral 
standing full-length film for the thoracic length (T1–T12) 
and the total spinal length (T1–S1) (Spurway et al., [6])
(Fig. 1).

The multi-center Pediatric Spine Study Group (PSSG) 
database was used to identify a similar cohort of patients 
who underwent DBT, who met the following inclusion cri-
teria and for which a complete set of radiographs was avail-
able. Inclusion criteria for DBT cohort were diagnosis of 
I-EOS, treatment with either TGR or MCGR distraction-
based constructs, age < 10 years at index procedure, and 
completion of treatment with final fusion. TGR and MCGR 

Fig. 1   PA and lateral radiograph with coronal and sagittal measure-
ments
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patients were both included in the DBT cohort, as these 
surgeries are conceptually similar in mechanism of spinal 
elongation; there is published precedent for analysis of these 
patients as a single DBT group (Doany et al., [11]; Tahir 
et al., [12]). Patients were excluded if they had undergone 
a prior surgical intervention before index DBT. Identical 
radiograph time points and measurements were utilized with 
the DBT cohort as was done with the GG cohort.

Data were summarized by group using means and stand-
ard deviations (SDs) for continuous variables, and using 
numbers and proportions for categorical variables. The study 
group treated with guided growth (n = 15) was compared 
to the control group treated with TGR and MCGR (n = 39) 
for differences in patient characteristics as follows. Continu-
ous characteristics were compared using Student’s t test if 
variances were roughly equal, Welch’s t test if they were 
unequal, and the Kruskal–Wallis test if data were non-nor-
mally distributed. Categorical characteristics were compared 
with Pearson’s chi-square test if all cell counts had expected 
value ≥ 5, or with the Fisher exact test otherwise. Groups 
were also compared for differences in thoracic height and 
spinal height during the pre-operative study period, at the 
2 year follow-up, and at final fusion using Welch’s t test (i.e., 
without confounder adjustment). Finally, the GG cohort was 
compared to the DBT cohort for evidence of efficacy, both 
at the 2 year follow-up and at final fusion, using unequal-
variance ANCOVA with Satterthwaite’s degrees-of-free-
dom procedure. At each post-operative time, the efficacy 
outcome in each ANCOVA model was the post-operative 
value of thoracic height (either coronal or sagittal) or of 
spinal height (either coronal or sagittal). The class variable 
in each ANCOVA model was Cohort, which was allowed to 
have unequal variances. The two continuous confounders in 
each ANCOVA model were (A) the subject’s pre-operative 
value of the efficacy outcome, and (B) the subject’s age at 
first surgery. SAS v9.4 software (SAS Institute Inc., Cary, 
NC, USA) was employed for all analysis procedures, and 
a two-sided p < 0.05 significance level was utilized for all 
statistical hypothesis tests.

Results

126 GG cases were performed at our institution from 2004 
to 2020; of these, 37 were categorized as I-EOS. Of these 
37 I-EOS patients, 30 had returned for 2 year follow-up 
(mean 7.0 years, range 2.4–15.4 years), with 15 having 
completed their guided growth and undergone final fusion. 
Patients in this cohort had a mean pre-operative age of 
8.5 years, a mean pre-operative coronal curve magnitude 
of 63 degrees, and thoracic kyphosis of 44 degrees. In 
the GG cohort, 7 patients were male and 8 female. Their 
immediate post-operative coronal curve magnitude was 

19.8 degrees with a thoracic kyphosis of 30 degrees. The 
immediate post-operative curve magnitude was not avail-
able for the DBT cohort (Table 1).

The DBT cohort consisted of 39 patients, 35 with TGR 
and 4 with MCGR. Patients in this cohort had a mean age 
at initial surgery of 7.2 years, a mean pre-operative coro-
nal curve magnitude of 74 degrees, and a mean thoracic 
kyphosis of 49 degrees. Thirteen were male and 26 female 
(Table 1). When comparing the pre-operative mean thoracic 
and spinal heights in the coronal and sagittal planes, there 
were no significant differences between the GG and DBT 
cohorts (Table 2).

The average number of operations was 4.3 in the GG 
cohort and 9.0 in the DBT cohort (p < 0.001; Table 1). When 
patients from the two procedures were compared to each 
other for height differences at the 2 year follow-up (Table 2), 
GG patients had larger sagittal thoracic and spinal heights, 
with statistical significance after confounder adjustment for 
pre-operative height and age at first surgery. Specifically, 
the GG cohort in the sagittal plane was 2.0 cm taller in tho-
racic height (p = 0.045) and 3.1 cm taller in spinal height 
(p = 0.036) compared to the DBT cohort. When viewed in 
the coronal plane, the 2 year group differences in thoracic 
height and spinal height were both 1 cm larger for GG com-
pared to DBT, although they did not attain statistical signifi-
cance (Table 2).

At the time of final fusion, GG patients enjoyed both 
noticeably taller means and noticeably narrower SDs on all 
four radiological height measures than did DBT patients 
(Table 2). On three of the four measures, the difference in 
means was statistically significant both before and after 
adjusting for pre-operative height and age at first surgery. 
Thoracic height in the coronal plane had means of 25.2 cm 
for GG versus 21.8 cm for DBT, yielding an unadjusted dif-
ference of 3.4 cm (p = 0.0021) plus an ANCOVA-adjusted 
difference of 2.9 cm (p = 0.0023), both of which favored GG 
(Table 2). Likewise, spinal height in the coronal plane had 
means of 41.3 cm for GG versus 36.1 cm for DBT, yielding 
a difference of 5.2 cm (p = 0.0004) before adjustment and 
4.5 cm (p = 0.0010) after ANCOVA adjustment (Table 2). 
Spinal height in the sagittal plane showed a similar increase 
with GG compared to DBT, the raw and ANCOVA-
adjusted differences being 4.9 cm (p = 0.0030) and 4.0 cm 
(p = 0.0112), respectively (Table 2).

Overall, GG patients experienced a mean coronal tho-
racic height increase of 6.2 cm during treatment through 
final fusion, and a mean coronal spinal height increase of 
8.8 cm. DBT patients finished treatment with a mean coro-
nal thoracic height increase of 4.2 cm, and a mean coronal 
spinal height increase of 6 cm (Table 2). All GG patients 
concluded treatment with a thoracic height of at least 18 cm, 
while only 85% (33/39) of the DBT patients reached this 
threshold at final fusion.
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Discussion

The purpose of this study was to evaluate in detail whether 
GG achieves thoracic and spinal heights comparable to tradi-
tional distraction-based methods for treating I-EOS patients. 
We employed the traditional coronal measurements, as well 
as the validated SSL measurement technique. Sagittal height 
measurements have not been previously published for the 
GG population. At time of final fusion after undergoing GG, 
patients had a mean thoracic height of 25.2 cm in the coronal 
plane and 26.8 cm in the sagittal plane, which is well above 
the minimum thoracic height to avoid thoracic insufficiency 
syndrome (Karol et al., [3]; Skaggs DL et al., [2]; Tis et al., 
[4], Theologis et al., [8]). All of our GG patients successfully 
surpassed the often-quoted goal minimum thoracic height of 
18 cm, and while the utility of this threshold value continues 
to be debated, we believe that GG does not compromise 
the potential for an I-EOS patient to reach an adequate and 
proportional chest size (Johnston et al., [13]).

Not only did the GG patients enjoy taller thoracic and 
spinal heights than did the distraction-based patients by the 
time of final fusion, but also those height benefits with GG 
persisted after ANCOVA-adjusting for pre-operative heights 
and age at first surgery. Including these two confounders in 
each ANCOVA model has the effect of adjusting all patients’ 
post-operative heights to the values they would have had if 
the patients had started with equal pre-operative heights and 

equal ages at first surgery. For this reason, the ANCOVA-
adjusted group difference in post-operative heights is equiva-
lent to (and interpretable as) the ANCOVA-adjusted group 
difference in the amounts by which each procedure increased 
the average post-operative height measure from its pre-oper-
ative value. By this interpretation, the GG procedure was 
superior to the DBT procedure on three of the four height 
measures. Finally, the standard deviations in thoracic and 
spinal heights were uniformly narrower in GG patients com-
pared to DBT patients at the time of final fusion. This fact 
indicates that the results obtained after GG may be more 
reliable than those obtained after DBT.

As EOS is quite heterogeneous, the previous studies have 
included a variety of etiologies. This study chose to focus on 
idiopathic EOS to evaluate a more homogenous population. 
Another strength of this study was the length of post-opera-
tive follow-up. The average follow-up was 8.6 years with all 
patients except one reaching the 4 year follow-up time point.

It has previously been hypothesized that the limited 
fusion and avoidance of submuscular dissection allows 
for more remaining flexibility in GG patients at the time 
of final fusion, in contrast to TGR patients (Morell and 
McCarthy, [5]). Even if there is residual deformity, this 
retained flexibility can then be leveraged for additional 
deformity correction at final fusion. We observed that the 
15 GG patients had thoracic- and spinal-height increases 
of 2.6 cm and 4.4 cm, respectively, in the coronal plane 

Table 1   Patient demographics 
and characteristics

All tests were two-sided; bold denotes statistical significance at α = 0.05. Nnm: number non-missing
p-values are from the †Chi-square test, ‡Kruskal–Wallis test, §Welch’s t test, §§Student’s t test, and ‼Fish-
er’s exact test.

Whole Study
(N = 54)

Guided Growth 
Cohort
(N = 15)

Distraction Cohort
(N = 39)

p value

Sex, % (N) 0.364†

 Female 63% (34) 53% (8) 67% (26)
 Male 37% (20) 47% (7) 33% (13)

Age at surgery, years 0.028‡

 Mean (SD) 7.53 (2.49) 8.49 (3.24) 7.16 (2.07)
 Range 2.0–11.7 2.8–11.7 2.0–9.9

Pre-op cobb 0.023§

 Mean (SD), degrees 71.3 (19.6) 63.3 (12.6) 74.3 (21.0)
 Range, degrees 35–145 45–90 35–145

Pre-op sagittal kyphosis (Nnm = 51) (Nnm = 13) (Nnm = 38) 0.308§

 Mean (SD), degrees 47.0 (20.3) 43.8 (13.9) 49.3 (22.0)
 Range, degrees 15–133 22–70 15–133

Duration of growing treatment 0.696§§

 Mean (SD) in years 5.60 (3.21) 5.87 (3.45) 5.49 (3.15)
 Range in years 0.6–16.5 2.0–11.4 0.6–16.5

Surgical procedures  < .001‡

 Mean (SD) number of 7.67 (5.21) 4.27 (3.35) 8.97 (5.23)
 Range in number of 2–25 2–16 2–25
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from the 2 year follow-up to final fusion. This was in con-
trast to coronal-plane thoracic- and spinal-height increases 
of 1.0 cm and 1.7 cm among the 27 evaluable DBT patients 
over the same treatment interval. Moreover, we believe 
that the apical derotation and coronal correction achieved 
at the index GG surgery allows for spinal elongation to 
occur along, or close to, the coronal plumbline of the body, 
rather than off-axis.

Nazareth et al. reported on coronal thoracic and spinal 
height increase in a separate population of GG patients. 
They studied 20 GG cases, of which only 3 were I-EOS 
patients. The authors identified that the mean thoracic height 
increase from pre-operative measurements to final pre-
fusion follow-up was 4.2 cm, and that mean spinal height 
increase was 7.3 cm. Both of these mean values are less 
than what we identified. Importantly, their study did not 
include post-fusion measurements or a DBT control group. 
We believe that a crucial aspect of the GG procedure is the 
flexibility retained in the spine at the time of final fusion that 
allows for further height increase, and that this fact should be 
reflected in the overall analysis of the procedure’s effective-
ness. Moreover, the Nazareth et al.’s GG patient cohort was 
heterogeneous in terms of scoliosis diagnosis. The authors’ 
experience is that the surgical technique and expected out-
comes for use of GG in neuromuscular, syndromic, and con-
genital EOS patients differs significantly from I-EOS, and 
at this point, GG should not be reasonably studied by con-
sidering all these different groups as one patient population.

The values we obtained for DBT spinal elongation are 
consistent with the previous reports. Glotzbecker et  al. 
reported a mean coronal thoracic height increase of 2.0 cm 
after 5 years of TGR treatment in 41 EOS patients (Gloz-
becker et al., [10]). We measured 3.7 cm of mean coronal 
thoracic height increase for DBT patients over the entire 
course of treatment. Tahir et al. identified a mean coronal 
spinal height increase of 6.9 cm in 43 EOS patients, through 
final fusion. They subanalyzed TGR and MCGR patients and 
found no significant difference in final T1-S1 coronal height 
between these two distraction treatment strategies (Tahir 
et al., [12]). We identified a mean spinal height increase 
over the course of treatment of 6.0 cm in our DBT cohort.

Limitations of this study include its retrospective nature. 
The GG patients were from a single center and are a small 
sample size. The DBT patients were from multiple centers, 
and we do not have details on the decision for TGR versus 
MCGR in those patients. When comparing the two proce-
dures, there were slight differences in the study populations. 
The GG patients were older, which was adjusted for in the 
analysis, and had slightly smaller pre-operative curvature 
when compared to DBT patients. Other aspects of the GG 
procedure, including deformity correction and complica-
tions, have been previously described; the goal of this study 
is not to re-state those results.

GG meets several other criteria listed in the SRS Grow-
ing Spine Committees goals (Skaggs DL et al., [2]). The 
committee states that treatment should minimize burden on 
patient and families. GG requires fewer trips to the doctor, 
as it does not require in-clinic lengthening. For many rural 
families, who travel a great distance to be seen by specialists, 
this can alleviate a significant amount of stress related to 
transport and time away from work and school. Additionally, 
GG requires fewer surgical interventions. The GG patients in 
this study had an average of 4 surgical interventions overall, 
with an average of only 3 interventions (range: 2–5) after 
excluding one patient (16 surgeries) who was converted 
to TGR. In contrast, TGR patients typically require ten 
lengthening surgeries to achieve sufficient spinal height (El-
Hawary et al., [7]). Finally, if GG patients do not return for 
regular follow-up, which the reality of the practice of medi-
cine today, they have less risk of negative impact as they 
simply continue to grow along the rods. This is in contrast 
to patients with magnetic or traditional growing rods who 
could experience significant complications if they do not 
return for regularly scheduled time-sensitive appointments.

In conclusion, though both treatment modalities achieve 
thoracic and spinal growth, GG achieves significantly larger 
increases in coronal thoracic and spinal height, and sagittal 
spinal height at the time of final fusion when compared to 
DBT.
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