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Abstract

Background: Adolescent idiopathic scoliosis (AlS) has been associated with diminished postural stability and a
greater prevalence of back pain. Currently, the literature is lacking information on the effect of spinal fusion on both
postural stability and its association with back pain. Our objectives were to evaluate the postsurgical effect of spinal
morphological changes on static standing balance and assess the influence of these alterations on reported pain
throughout the perioperative period.

Methods: Twenty consecutive AIS patients schedule to undergo spinal fusion surgery were recruited and followed
prospectively at the Shriners Hospitals for Children-Canada. Data was collected at the preoperative, 6 weeks and 6
months postoperative visits. Spinal morphology data was collected through 3D reconstructed simultaneous standing
biplanar radiographs using the SterEQOS software. Postural balance was assessed through Moticon© sensor insoles and
analyzed through their software. The data was simultaneously collected as part of the Global Biomechanical and
morphological Assessment. Pain was evaluated through self-reported questionnaires.

Results: Morphological curve parameters were significantly reduced after surgery. Balance parameters did not change
significantly throughout the perioperative period with the exception of the Center of Pressure of the left foot medial/
lateral transient shift (P=0.017) at 6 weeks. Of note, preoperative balance parameters were associated with the degree
of right thoracic Cobb angles (P=0.029 R = 0.528). Pain scores significantly improved 6 weeks and 6 months after the
surgery. Pain intensity diminished in the thoracic and lumbar spine but worsen in the neck region at the 6 weeks and
6 months postoperative time points (P = 0.044). Greater residual Cobb angle difference between Mid thoracic and
Thoracolumbar/Lumbar curves was associated with greater pain severity at 6 weeks postop (P < 0.005). In addition,
greater residual thoracic deformity was associated with significant pain severity 6 months after surgery (P < 0.05).
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to have influenced the intensity and location of back pain.

Conclusions: Improved spinal morphology of postsurgical AlS patients has no significant impact on their static
standing balance. Suggesting that other factors apart from the spinal morphology may contribute to AlS patients’
balance during stance. Although balance did not influence pain severity, spinal morphology and its correction appear

Keywords: Perioperative pain, Adolescent idiopathic scoliosis, 3D reconstruction, Spinal morphology, Postural balance

Background

The latest literature seems to agree that adolescents with
idiopathic scoliosis have poorer balance control compared
to adolescents without scoliosis [1-6]. Whether it is due
to the spinal deformity itself, to a somatosensory alteration
or a combination of both is yet to be confirmed [1, 2].
Studies exploring the association between the vestibular
system and balance in patients with adolescent idiopathic
scoliosis (AIS) found that when comparing them to a co-
hort of healthy controls, AIS patients depended signifi-
cantly more on their vestibular and somatosensory
systems to keep their balance [4, 7, 8]. It is hypothesized
that neurophysiological compensations could result from
the structural deformity of the spine [4], but also be the
nature of the curve progression [1, 9]. It is therefore sens-
ible to assume that spinal deformity correction would lead
to changes in postural balance in AIS.

Corroborative evidence of this assumption has been
previously reported. Valles et al. have shown significant
improvement in objective parameters of postural control
during quiet standing with both eyes opened and closed
up to 1-year postoperatively in AIS patients [10]. How-
ever, contradictory findings have also been published.
Schimmel et al. [11] have found that postural balance
parameters 1year after surgery did not differ from pre-
operative results. Similar results were obtained by other
authors studying AIS [12, 13] and adults with spinal de-
formity [14]. However, since the reported literature is
scarce and investigators have used different methodo-
logical approaches [10-15], it is difficult to draw a de-
finitive conclusion on the subject.

It is also important to consider the consequences, such
as back pain, of AIS caused spinal morphology and pos-
tural balance. In fact, back pain prevalence is higher in
AIS patients compared to adolescents without scoliosis
[16-20]. Despite recognizing that pain is a multifactorial
disorder, most research focuses on its association be-
tween radiographic parameters [17, 19, 21, 22]. However,
the literature lacks information on the influence of
spinal morphology and postural balance on back pain in
this population. Fortin et al. theorized that the biomech-
anical changes in the posture of AIS patients, creating a
postural imbalance, could contribute to the onset of
back pain [23]. In addition, despite most patients observ-
ing a reduction in baseline pain postoperatively [24],

there is a subgroup of patients that either report an in-
creased pain score or even develop chronic pain after
surgery [25]. The association between postural balance
according to spinal morphology and its effect on peri-
operative pain has not yet been investigated.

In order to evaluate the influence of morphology and
postural balance on back pain, we designed a longitu-
dinal study with AIS patients undergoing surgical treat-
ment. Our objectives were to investigate the association
between spinal deformity correction and postural bal-
ance changes and to evaluate its impact on postoperative
back pain.

Methods

Population

Twenty (20) consecutive patients (15 females and 5
males) between the ages of 10 and 18 diagnosed with
AIS and scheduled for a spinal fusion surgery were re-
cruited at the Shriners Hospitals for Children - Canada.
The mean age of the cohort was 14.9 + 1.68 years, the
average body mass index (BMI) was 20.66 + 3.25 and the
mean exposure time was 20.62 +2.93 s at the preopera-
tive time point. Regarding to the curve type, there were
(8) patients with Lenke 1, (5) Lenke 2, (2) Lenke 3, (1)
Lenke 4, (2) Lenke 5, and (2) Lenke 6. Preoperative mor-
phological results can be seen in Table 1. Patients were
excluded of the study if their primary diagnosis was not
AIS, could not take a standing radiograph, could not
speak or understand French or English, had a cognitive
disability preventing them from answering question-
naires, had previously undergone spinal or lower limb
surgery or were diagnosed with neuromuscular impair-
ment. Prior to study participation, written informed con-
sent was obtained from all patients and if necessary,
their parents. This project received ethical approval from
McGill University (IRB# A08-M71-14B).

Global biomechanical and morphological assessment

Due to the lack of literature on simultaneous assess-
ments of balance and spinal morphology an evaluation
bias between the two can be observed. Thus, we created
the Global Biomechanical and Morphological Assess-
ment (GBMA). This simultaneous evaluation is com-
prised of a three-dimensional (3D) modelling assessment
of the scoliotic spine and a balance assessment using
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Patient Lenke Type TL/L Cobb angle(®) MT Cobb angle(®) PT Cobb angle(®) Fusion Area
1 4 56.8 59.6 T2-13
2 1 33.1 60.7 174 T13-L2
3 6 55.1 413 T3-L3
4 5 55.0 320 7.2 T5-13
5 1 43.0 65.0 T2-L2
6 2 55 51.7 329 T4-T12
7 2 332 62.3 451 T4-L1
8 2 396 60.0 314 T13-L2
9 2 370 67.1 348 T3-T12
10 3 716 81.2 24.1 T4-L2
" 2 27.8 69.3 50.1 T4-L1
12 1 325 559 218 T4-11
13 1 M7 576 184 T3-L1
14 6 474 457 234 T4-L2
15 1 27.1 477 234 T3-L1
16 1 344 469 15.1 T4-T11
17 5 53.7 164 16.8 T11-L3
18 1 520 53.7 16.6 T4-L1
19 1 526 66.1 T4-L1
20 3 309 86.1 35 T2-L2

TL/L Thoracolumbar/lumbar, MT Main thoracic, PT Proximal thoracic, T Thoracic vertebra, and L Lumbar vertebra

wireless sensor insoles. These sensor insoles captured
live data of the patient’s balance during their standing
biplanar radiographs. A Cartesian plane was placed on
the floor of the radiographic cabin as to associate the
location and orientation of the feet to the spinal morph-
ology. After the acquisition, the spinal morphology was
reconstructed in 3D for better evaluation. The morpho-
logical data was then analyzed in parallel with the
postural balance data to find associations. Since all vari-
ables are captured at the same time in the same position,
this technique eliminates the bias of two separate evalua-
tions of the balance and the spinal morphology while
also providing a visual representation of their associa-
tions (as seen in the article by St-Georges et al. submit-
ted to Scientific Reports). The GBMA was used at every
time point during this study.

Three-dimensional spinal structure assessment

Patients underwent simultaneous two-dimensional head-
to-toe posterior-anterior (coronal) and lateral (sagittal)
radiographs using the EOS-Imaging system (EOS-Im-
aging®, Paris, France) as part of the standard of care.
This was done at every time point: preoperatively, 6
weeks and 6 months postsurgical. Patients were asked to
place their hands on the wall in front of them to expose

the spine without the obstruction of the humerus in the
sagittal plane. This position also reduced the potential of
a second exposure. Patients were asked to keep their
eyes open and keep a normal breathing cycle not to
disturb the image. Once the acquisition complete, all 60
spinal radiographs were reconstructed in three-
dimension (3D) through the SterEOS software version
1.6.4.7977 (EOS-Imaging®, Paris, France) by trained
professionals.

Radiological parameters extracted from the SterEOS
software were: Cobb angles from the Proximal Thoracic
(PT), Mid Thoracic (MT) and Thoracolumbar/Lumbar
(TL/L) curves; the rotation in all three planes of these
curves apical vertebrae (AVR); the intervertebral rotation
in all planes of every vertebrae; the T1-T12 kyphosis; the
L1-S1 lordosis; the pelvic incidence, axial rotation and tilt
in the lateral and frontal planes; and the sacral slope. All
of these variables were taken in the patient’s reference
plane for time point comparison. The patient reference
plane is a reconstruction based on all three-dimensional
planes. It bases itself on the location of the acetabula in-
side the cabin to reconstruct the spine instead of the pos-
ition of the patient, which changes from visit to visit [26].
This allows for better comparison through the periopera-
tive period. Additional variables: torsion index of the main
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curve [27] and trunk shift were interpreted after the re-
construction. Visual description of the variables can be
found in submitted work from St-Georges et al. 2019 to
Scientific Reports.

Balance assessment

The static standing balance assessment was conducted
with Moticon®© OpenGo sensor insoles (Moticon GmbH,
Munchen, Germany) during the radiological capture. They
were activated and then slipped under the patient’s feet in
the cabin just prior to the radiographic exposure. The
plantar recording was time matched with the radiograph
acquisition to have a simultaneous picture of the effect of
the abnormal spine on the biomechanics of the feet.

Every patient was sized for a pair of insoles. The patients
were asked to stand comfortably with their feet pointing
forward in the centre of the cabin. Once the patient en-
tered the cabin and the insoles were slipped under their
feet, their feet were marked upon the Cartesian plane. The
patient’s feet were not moved nor reoriented to evaluate,
as much as possible, their normal stance.

The insoles measured nine different balance parame-
ters through 13 sensors in each insole. All parameters
were based on the percentage of pressure or the centre
of pressure (CoP) of each individual foot. These variables
are as follows: the mean and standard deviation of the
anteroposterior and mediolateral CoP location (CoP AP
and CoP ML respectively), where a positive result is seen
in the anterior and medial plane based on the zero lo-
cated approximately at the metatarsal-phalangeal joints
and in the midline of the foot; the CoP velocity, mea-
sured in mm/s; the CoP trace length, measured in me-
ters; the CoP anteroposterior and mediolateral bounding
box, where the greater the measurement the greater the
CoP distance travelled in said plane; The CoP sway area,
which is the product of both planes bounding box mea-
surements; the mean foot pressure; and the pressure dis-
tribution in the front, mid and back of the foot.
Moticon® OpenGo software version 01.11.00_11072-
929d380 was used to analyze the balance variables at
every time point. (Moticon GmbH, Munchen, Germany).

Pain assessment

Self- reported questionnaires were given to the patient
after their morphological and biomechanical assessment
at each time point. The questionnaires given to the pa-
tients were: the Scoliosis Research Society Questionnaire-
30 (SRS-30), and a modified version of the Adolescent
Pediatric Pain Tool (APPT) containing a back diagram for
pain location and intensity. The latter was evaluated with
a 0—10 numeric rating scale where 0 is no pain and 10 is
the worst pain imaginable. Pain severity groups were then
created: mild (0-3), moderate (4—6) and severe (7-10).
The questionnaires were asked to be done without the
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help of their parents to avoid bias. If for any reason the pa-
tient would have questions, the research assistant was at
their disposal to answer them. All questionnaires were
reviewed after completion and entered into a database.

Statistical analysis

All statistical analyses were conducted using the soft-
ware SPSS version 25 (IBM, Armonk, NY, USA). De-
scriptive and inferential statistics (mean and standard
deviations) were used to display the patients’ demo-
graphic, morphological, balance and pain data. Paired
student t-Tests were used to evaluate the differences be-
tween the preoperative and the postoperative time
points for demographics, morphology, balance, and pain.
Pearson correlations were done to estimate the associ-
ation between 3D spinal structure and balance variables,
and to assess the relationship between the morphological
and pain-related parameters. A one-way ANOVA with
Bonferroni Post-Hoc test was used to assess the signifi-
cance between different pain severity groups. A Chi-
square test was used to analyze the proportions of
patients with pain throughout the perioperative period
per painful back location. Significance for all evaluation
was set at P < 0.005.

Results

Spinal morphological assessment

As seen in Table 2, all three (PT, MT, TL/L) Cobb angle
means were significantly reduced whether 6 weeks or the
6 months after surgery compared to before (P <0.001).
The MT apical vertebra translation (P < 0.001), the TL/L
apical vertebral rotation (6 weeks P=0.029; 6 months
P =0.025), MT’s absolute torsion (6 weeks P <0.001; 6
months P=0.013) and the sacral slope (6 weeks P=
0.008; 6 months P = 0.002) also followed suit in their sig-
nificant reduction at 6 weeks and 6 months postopera-
tive. Others, MT apical vertebra rotation and L1-S1
lordosis were significantly reduced at 6 weeks but were
no longer at 6 months postoperative. The T1-T12 ky-
phosis oppositely was significantly increased at 6 months
but not at 6 weeks postoperative.

Postural balance evaluation

All but one mean balance parameter did not differ sig-
nificantly throughout the perioperative period (Table 3).
The left foot medial/lateral location of the CoP was sig-
nificantly different at 6 weeks after surgery (P =0.017).
Although when compared to the 6 months postoperative
time point, no difference was observed with the pre-
operative results. Therefore, since no significant differ-
ence in postural balance was observed between the
preoperative and the 6months postoperative time
points, no significant associations could be made with
the changes in spinal morphology.
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Table 2 Spinal morphology parameters — comparison between preoperative and postoperative timepoints

Preoperative 6 weeks P 6 months P

TL/L Cobb angle (°) 4150+ 14.56 1449 + 7331 <0.001* 13.15+827 <0.001*
MT Cobb angle (°) 5631+ 1583 1895+4.74 <0.001* 18.13+£7.09 <0.001*
PT Cobb angle (°) 2585+ 11.52 1431+7.76 <0.001* 13.82+892 <0.001*
TL/L AVT (mm) -11.1+19.24 —757+1158 0.366 -515+136 0.085
MT AVT (mm) 423+1876 -1042 +£10.66 <0.001* 114+13.38 <0.001*
TL/L AVR (°) 735%13.76 3.88+827 0.029* 361+994 0.025*
MT AVR (%) -14.72+ 896 -9.06+754 0.001* -10.96+943 0.060

PT AVR (°) 4.74+746 061£4.98 0.019% 399+588 0.648
T1-T12 Kyphosis (°) 29.88+£13.95 3249+995 0.299 36.08£10.02 0.023*
L1-S1 Lordosis (°) 5702+ 1147 52.11+9.64 0.005* 5577 £1043 0534
MT Absolute Torsion (°) 3346+11.88 21.07+903 <0.001* 2675+ 11.94 0.013*
Lateral Pelvic Tilt (mm) 519+352 574+3.78 0.308 4.98 £4.06 0.664
Sagittal Pelvic Tilt (°) 6.21£8.74 8.25+£8.95 0.079 6.76 £6.42 0.636
Pelvic Incidence (°) 51.07 £10.66 50.26 £ 9.65 0.118 4845 +992 0.054
Sacral Slope (°) 4485+ 581 42.01+493 0.008* 4169+ 6.07 0.002*

All results are shown as mean + standard deviation. TL/L Thoracolumbar/lumbar, MT Main thoracic, PT Proximal thoracic, AVT Axial vertebral translation, AVR Apical
vertebral rotation. A negative represents a translation towards the left for both apical translations, a left trunk shift and a right handed rotation when it comes to
the apical vertebral axial rotation. P values are given in regards to the preoperative and their associated postoperative time point values. Paired Student’s t-test,

* =significance was reached when p < 0.05

Pain assessment

Perioperative pain data can be observed in Tables 4 and 5.
When looking at the 6 weeks postoperative data only, pel-
vic pain (P=0.265), and the number of painful regions
(P=0.625) were not significantly different. All APPT
worst pain, thoracic and lumbar pain severity, and painful
regions were reduced significantly after 6 months. These

finding were also corroborated with the results of the
SRS-30 Pain score as they improved significantly (p =
0.004) at 6 months posterior spinal fusion (PSF). In con-
trast, pain in the neck area was significantly worse (P =
0.044). Self-reported pain was significantly reduced in the
lumbar and pelvic region (P =0.002 and P = 0.041 respect-
ively) after surgery (Fig. 1).

Table 3 Postural balance parameters — comparison between preoperative and postoperative time points

Preoperative 6 weeks P 6 months P
Pressure left foot 46.50 + 546 4638 + 6.58 0.938 4498 + 6.29 0412
Pressure right foot 53.50 + 546 53.62 £ 6.58 0.938 55.02 £ 629 0412
Back feet pressure 60.08 + 8.06 5882 +12.82 0.584 6245 + 931 0.290
Mid-feet pressure 2137 £ 531 2205 £ 0.84 0.611 21.07 £7.76 0.854
Forefeet pressure 18.55 + 4.81 1913 £ 7.18 0.722 1648 + 640 0.202
Left anterior/posterior CoP -46.80 £ 11.25 —42.06 + 21.39 0.282 —5245 + 1894 0217
Left medial/lateral CoP -251+1.98 -133 + 265 0.017* -213 + 343 0.547
Right anterior/posterior CoP —47.55 £ 8.68 —4521 £ 1469 0513 —48.89 £ 1298 0.666
Right medial/lateral CoP -253+239 -338+3.12 0.200 —289+292 0732
Left foot CoP velocity 71.11 £ 2961 7191 £ 2399 0919 69.02 + 2246 0.723
Right foot CoP velocity 5224 + 1357 5469 + 13.93 0414 5646 + 12.44 0.230
Left foot CoP trace length 143 + 051 144 + 0.56 0.966 1.38 + 0.53 0.739
Right foot CoP trace length 1.08 £ 036 1.09 + 033 0970 1.13+£032 0.706
Left foot sway area 2399 + 1824 23.36 + 13.59 0.873 2495 +£19.77 0.855
Right foot sway area 20.04 + 2471 14.87 £ 7.09 0.395 13.96 + 533 0.295

All results are shown as mean + standard deviation. Pressures are shown as proportions. Pressure units are in (N/cm2), Centre of Pressure (CoP) is measured in
(mm), Velocity is measured in (mm/s), Trace Length in (m), and Sway Area in (mm2). P vales are given regards to the preoperative and their associated
postoperative time point values. Paired Student’s t-test, * = significance was reached when p < 0.05
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Table 4 Pain severity parameters — comparison between preoperative and postoperative time points

Preoperative 6 weeks P 6 months P
APPT Worst Pain 485+ 2.72 3.05+ 233 0.027* 2.00 £ 2.00 <0.001*
Neck Pain 030 + 0.80 125+ 192 0.043* 098 + 1.53 0.044*
Thoracic Pain 350+ 276 210+232 0.042* 140 £ 1.96 <0.001*
Lumbar Pain 330 £ 252 120 £ 1.61 0.005* 045 £ 095 <0.001*
Pelvic Pain 163 + 287 050 + 1.00 0.265 033+ 1.16 0.200
Painful Regions 190+ 1.12 1.75 +£1.07 0625 1.10 £ 1.02 0.008*

All results are shown as mean + standard deviation. All scores are based on a scale from 0 to 10, where 0 is no pain and 10 is the worst pain imaginable.
Individual regional pain scores are based on the highest reported pain per area on a scale of 0-10. Painful regions are measured on a scale of 0 to 4, where 0 is
no pain in any region and for every region where pain is felt there is the addition of 1 point. P values are given in regards to the preoperative and their
associated postoperative time point values. Paired Student’s t-test, * = significance was reached when p < 0.05

Relationship between pain, spinal morphology and
postural balance

Preoperative morphology and pain

As seen in Fig. 2 at the preoperative time point several
associations were found when looking at the location of
the pain and thoracic parameters. A moderate correl-
ation was found between the severity of the thoracic
Cobb angle and the severity of the pain (Fig. 2a) (P=
0.016; R=10.593) and the severity of the right thoracic
translation (Fig. 2b) (P =0.030; R = 0.544). A strong cor-
relation (P=0.018; R =0.665) was seen between the se-
verity of the proximal thoracic Cobb angle and the
severity of the pain (Fig. 2c).

Six weeks postoperative morphology and pain

Six weeks after the surgical intervention, the difference
between the lumbar and thoracic residual Cobb angles
was associated with the pain severity reported (Fig. 3). It
suggests that the greater the difference between the two
residual curves the more likely the patient is to have se-
vere pain. An association was also found between the
SRS-30 Pain score and the thoracic translation (P =
0.040; R = 0.463).

Six months postoperative morphology and pain

At 6 months post PSF, an association between the re-
sidual thoracic area deformity and the pain severity re-
ported was identified (Fig. 4). It shows that patients who
tend to have a greater residual PT curve and/or thoracic
apical vertebra translation tend to report greater severity
of pain (P=0.032 and P=0.041 respectively). Another

Table 5 Proportions of patients with presence of pain in areas
of the back

Preoperative 6 weeks 6 months P
Neck Pain 0.15 040 040 0.146
Thoracic Pain 0.80 0.65 045 0.070
Lumbar Pain 0.75 045 0.20 0.002*
Pelvic Pain 040 040 0.05 0.041*

All results are shown as proportions, n = 20. Pearson Chi-Square, p < 0.05,
Paired Student’s t-test, * = significance was reached when p < 0.05

significant association emerged when looking at the re-
ported severity of the pain and lumbar translation: the
apical translation of the lumbar spine was also associated
with a greater pain severity (P = 0.023).

Perioperative balance and pain

Regarding postural balance and pain, an association be-
tween the trace length of the CoP of the right foot and the
SRS-30 pain score (P = 0.009; R = 0.569) was observed at 6
months. Also, while comparing patients that reported no/
mild and moderate pain, patients that fell in the latter ap-
plied more pressure on the back of their feet (P = 0.050).
Balance parameters were also associated with the degree
of right thoracic Cobb angles at the preoperative time
point (P=0.029 R=0.528) (Fig. 5). No other association
with the patients’ mean balance parameters, whether mor-
phological or painful, was found perioperatively.

Discussion

This study presents a novel comprehensive evaluation, the
GBMA, simultaneously assessing the spinal morphology and
postural balance of AIS patients. It uses state-of-the-art 3D
reconstruction of biplanar radiographs to examine the spinal
morphology variables in all three planes while also using the
wireless capacity of sensor insoles to concurrently evaluate
postural balance. The results presented in this study con-
cerning our first research question indicate that objective bal-
ance parameters have not changed post-operatively despite
the realignment of the spine. Thus, suggesting no association
between the change in morphology and the postural balance.
These results, contradict our hypothesis but are supported
by some of the literature on the subject [11-14, 28]. How-
ever, our second hypothesis was confirmed. Overall postop-
erative pain severity, pain in the thoracic and lumbar area,
and the number of painful regions diminished significantly 6
months after surgery. In addition, proportional pain intensity
has diminished significantly in the lumbar and pelvic area as
well as a trend towards significance in the thoracic region 6
months after surgery. These results support the fact that sur-
gery does reduce the pain felt by patients [24]. One could
infer that spinal fusion reduces the spinal morphological
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Fig. 1 Percentage of patients with pain per location throughout the perioperative period. Note: Chi-square test, significant difference between
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malalignment, which could be responsible for the preopera-
tive spinal pain, and that if not corrected patients are at
higher risk of having ongoing back pain. Our data also identi-
fied several biomechanical and morphological variables asso-
ciated with perioperative pain confirming our hypothesis
stating that the PSF spinal modifications would produce a re-
duction in reported pain.

Perioperative changes in morphology and their
association to balance

Our study reports no significant difference in balance in
the perioperative period in patients with AIS. This would
suggest that the change of the spinal morphology would
not affect the balance in this short postoperative period
of time. This might be due to the lack of time for the
body to fully adapt to the new posture. Patients were
used to the way they stood before surgery and it possibly
takes a longer period to adapt its balance to the new
spinal morphology. Schimmel et al. [11], de Abreu et al.
[28], and O’Beirne et al. [13] have also demonstrated
that balance in AIS patients does not change with the

modification of the spinal alignment up to a year after
surgery. However, Valles et al. [10] have demonstrated
that patients with AIS had a significantly better postural
balance with their eyes closed, and significantly worst
postural balance with their eyes opened. They also could
significantly better regulate their balance with constant
feedback during quiet standing at 1year postoperatively
[10]. In spite of the above results, we have found an as-
sociation between the amount of pressure exerted on
the right foot and right thoracic deformity preopera-
tively, but not postoperatively. Suggesting a relationship
between the morphology and the balance before the sur-
gical intervention that plays a lesser role postoperatively.
Subsequent studies should consider including a longer
follow-up period to confirm these results. The lack of
significant associations could be explained by one of the
leading theories regarding the disparity in balance of AIS
patients. It theorizes that AIS patients’ decreased balance
could be associated with an intrinsic impaired dynamic
regulation of sensory-motor integration effecting the pa-
tient’s balance [1, 8, 29, 30]. Thus, suggesting that the
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Fig. 2 Preoperative thoracic pain severity and thoracic morphology. Note: Pearson Correlation, significant association between the severity of the
pain in the thoracic area and the thoracic Cobb angle (P=0.016; R=0.593), thoracic apical vertebra translation (P=0.030; R=0.544) and the
proximal thoracic Cobb angle (P=0.018; R = 0.665)
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Fig. 3 Six weeks postoperative pain and residual deformity. Note:
One-way ANOVA, **P < 0.005, significant difference between the
severity of the pain felt and the residual difference between the
thoracolumbar/lumbar (TL) and the main thoracic (MT) Cobb angles.
P=0.004 between No/Mild pain and Severe pain. P=0.001 between
Moderate and Severe pain

morphology might not be the main root of the balance
issues in these patients and why we were not able to see
a change throughout the perioperative period.

These reported results, for the exception of an associ-
ation between the severity of the pain and pressure in
the back of the feet at 6 months post-surgery, also sug-
gest that since the mean postural balance does not
change throughout the perioperative period it has little
effect on the pain felt by the patient. de Abreu et al. [28]
evaluated pain in these patients using the SRS question-
naire and although they infer that the slight decrease in
oscillation could be a reason for a decrease in pain they
lacked to show any significant associations, thus aligning
with our conclusions.
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Perioperative report of pain and its associations

In accordance with previous literature, our results high-
light a decrease in pain severity after PSF and they also
identify spinal morphological variables associated with
the pain felt throughout the perioperative period. This,
in part, confirms our second hypothesis, for which the
morphology does impact the pain felt. The decrease in
the severity of pain compliments the works of authors
such as Sieberg et al. [24], Merola et al. [30], Connelly
et al. [31] and Mimura et al. [32] that identified a signifi-
cant decrease in pain reported after PSF in AIS patients
as early as 6 months and as late as 5 years.

Interestingly, we identified that self-reported pain
prevalence (Table 5 and Fig. 1) and pain intensity
(Table 4) in the neck area increased from the baseline to
the post-operative assessments. One possible explan-
ation to increased pain in the neck area is the surgical
trauma to the upper thoracic spine and its musculature
in patients in which fusion was extended to that area.
Another hypothesis is a possible influence of reciprocal
changes in cervical spinal alignment after surgical cor-
rection. Further larger studies should explore pain re-
ferred to the neck area after surgical correction in AIS.

When considering our independent time point results,
they indicate moderate to strong correlations between
the thoracic deformity and the pain felt in the thoracic
area before surgery. Recent literature [19, 33], found
similar results, associating severity and the location of
the curve in the thoracic area to the pain reported in
said area. In all cases, the association was made at the
preoperative time point but does not seem to persist
throughout the postoperative period. Future studies
should explore this concept and validate these results
with a greater cohort permitting them to subgroup more
accurately.

At 6 weeks and 6 months post PSF, our results show
an association between the residual curves of the spine
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Fig. 5 Preoperative right trunk shift and balance. Note: Pearson Correlation, significant association between degree of right main curve Cobb angle
and amount of pressure felt in the right foot preoperatively. P=0.029 R =0.528

and the pain felt. To our knowledge, this is the first time
this has been reported. Although the fusion of the lum-
bar vertebrae is usually avoided unless necessary to per-
mit the flexibility of the spine, results presented in this
study suggest that not ensuring stability in the lumbar
region by diminishing the lumbar translation and redu-
cing the lumbar AVR, creating a greater difference be-
tween the severity of the residual lumbar and thoracic
curves, could be detrimental to the pain felt in the early
postsurgical period. This association is not observed at
6 months, thus suggesting that it might only be a result
of acute postsurgical pain. This might explain why au-
thors such as Mimura et al. have not observed these
effects later on in the postoperative period. We
hypothesize that this might be due to the sudden uneven
adaptation of muscle activation in the lower back for
support creating a strenuous pain. Future research
should explore the difference in the early postsurgical
report of pain and last vertebrae fused. The 6 months
postoperative association indicates a relationship be-
tween residual thoracic deformity and pain severity. Sug-
gesting, that if the initial deformity is not corrected
properly, it could result in greater severity of pain and
possibly in its chronicity. Future studies should validate
these results with greater sized cohorts. Although, pain
is multifactorial [34] and biomechanical and morpho-
logical factors account for only a portion of the explan-
ation of pain reported [27], these results, when and if
validated, could help improve the pain management of
patients through the perioperative period. This could be
done by rethinking the surgical planning, potentially
making improvements to the lumbar or the thoracic

correction but also by identifying patients at risk of more
severe pain and adapting their management accordingly.

Limitations and strengths

This study has limitations that should be taken in con-
sideration. The small sample size restricts the power of
the analysis and diminishes the possibility of subgroup-
ing by type of curves. Therefore, the evaluation of the ef-
fect of different curvatures on spinal balance was
restrained. Evaluating patients with a right thoracic
curve and patients with both right thoracic and left lum-
bar curves as part of the same cohort with possibly dif-
ferent balance [35], could have affected the mean
variables of balance measured. Future studies should re-
search the effect of independent subgrouping of curves
and their effect on balance throughout the perioperative
period thus eliminating the aforementioned possible
bias. As per hospital protocol, during the radiological ac-
quisition, to not obstruct the image of the sagittal spine,
patients were asked to put their hands on the wall, with-
out standardizing their hand pressure. This could have
affected the postural balance parameters of the patients
[36], especially the CoP variables in the anteroposterior
plane. Future studies should try to evaluate patients with
an in-cabin posture that does not require the support of
the hands [36]. Although the insoles used in this simul-
taneous evaluation have been showed to identify overall
comparable balance data to a force plate in the article
under review by Spine from St-Georges et al. 2020, they
do lack specificity in CoP displacement in static standing
evaluation [37-39]. Therefore, the insoles might not
have captured subtle differences in balance, possibly
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causing the lack of balance difference observed in the
perioperative period. That said, these were able to be
used simultaneously during radiological acquisition,
future studies should consider their involvement in
overall clinical analysis. These patients were followed
up to 6 months post-surgically, it might not have
been enough time to examine a change in postural
balance. Future studies should gather data on a longer
period of time to examine balance change through
time due to the new spinal alignment. Future work
should continue utilizing GBMA for its strength in
assessing the morphology and plantar biomechanics
simultaneously as to better understand their relation-
ship as well as their possible effect on pain.

To our knowledge, this was the first study of its kind
to evaluate simultaneous 3D standing biplanar radio-
graphs at the same time as postural balance to under-
stand pain. This methodological strength permits the
assessment of the effect of the 3D morphology of the
spine on balance without reducing the direct corres-
pondence that comes with different evaluations. Which
also present a stronger morphological and biomechan-
ical profile to associate to the perioperative pain report
of the patient.

Conclusion

Spinal morphology in AIS influences pressure distribution
across patients’ feet preoperatively. However, balance pa-
rameters do not change throughout the perioperative
period, suggesting that other factors beyond the spinal
morphology could contribute to AIS patients’ balance dur-
ing stance. Although balance shows no association to pain,
spinal morphology and its correction appears to influence
the severity and location of back pain.

Abbreviations

3D: Three-dimensional; AIS: Adolescent idiopathic scoliosis; APPT: Adolescent
Pediatric Pain Tool; AVR: Apical Vertebrae Rotation; BMI: Body mass index;
CoP: Centre of Pressure; CoP AP: Centre of Pressure Anteroposterior; CoP
ML: Centre of Pressure Mediolateral; GBMA: Global Biomechanical and
Morphological Assessment; MT: Mid Thoracic; PSF: Posterior spinal fusion;

PT: Proximal Thoracic; SRS-30: Scoliosis Research Society Questionnaire-30;
TL/L: Thoracolumbar/Lumbar

Acknowledgements
Not applicable.

Authors’ contributions

MStG: Conception and design, Acquisition and data, Analysis and
interpretation of data, Drafting of Manuscript. ART: Conception and design,
Acquisition and data, Analysis and interpretation of data. OR: Analysis and
interpretation of data. NS: Conception and design, Analysis and
interpretation of data, administrative, technical and material support. JAO:
Conception and design, Analysis and interpretation of data, Administrative,
technical and material support, Obtaining funding, Supervision. CEF:
Conception and design, Analysis and interpretation of data, Administrative,
technical and material support, Obtaining funding, Supervision. All authors
critically review the manuscript. The author(s) read and approved the final
manuscript.

Page 10 of 11

Funding
This study was funded by the AO foundation (AO516.04).

Availability of data and materials
The datasets used/analysed during the current study are available from the
corresponding author upon reasonable request.

Ethics approval and consent to participate

This project received ethical approval from McGill University (IRB# A08-M71-
14B). Written informed consent according to the Declaration of Helsinki was
obtained from all study subjects and in applicable cases their parents or legal
guardians.

Consent for publication
Not applicable.

Competing interests

JAO received research funds and academic support in forms of scholarships
through educational grants from the AO North America and OMEGA. All
other authors report no conflicts of interests.

Author details

'McGill Scoliosis and Spine Research Group, Montreal, Canada. *Shriners
Hospitals for Children-Canada, 1003, boul. Décarie, Montreal, Quebec H4A
0A9, Canada. *Department of Experimental Surgery, McGill University,
Montreal, Canada. 4Imegrated Program in Neurosciences, McGill University,
Montreal, Canada. *Department of Surgery, Division of Orthopedics, McGill
University, Montreal, Canada. ®Department of Anesthesia, McGill University,
Montreal, Canada.

Received: 28 February 2020 Accepted: 24 June 2020
Published online: 16 July 2020

References

1. Dufvenberg M, Adeyemi F, Rajendran |, Oberg B, Abbott A. Does postural
stability differ between adolescents with idiopathic scoliosis and typically
developed? A systematic literature review and meta-analysis. Scoliosis Spinal
Disord. 2018;13(1):19.

2. Nault M-L, Allard P, Hinse S, Le Blanc R, Caron O, Labelle H, et al. Relations
between standing stability and body posture parameters in adolescent
idiopathic scoliosis. Spine. 2002,27(17):1911-7.

3. Ostrowska B, Rozek-Piechura K, Skolimowski T. Recovery of dynamic balance
following external posture disturbance in children with idiopathic scoliosis.
Ortop Traumatol Rehabil. 2006;8(3):300-7.

4. Sim T, Yoo H, Lee D, Suh S-W, Yang JH, Kim H, et al. Analysis of sensory

system aspects of postural stability during quiet standing in adolescent

idiopathic scoliosis patients. J Neuroeng Rehabil. 2018;15(1):54.

Simoneau M, Richer N, Mercier P, Allard P, Teasdale N. Sensory deprivation

and balance control in idiopathic scoliosis adolescent. Exp Brain Res. 2006;

170(4):576-82.

6. Stylianides GA, Dalleau G, Begon M, Rivard CH, Allard P. Pelvic morphology,
body posture and standing balance characteristics of adolescent able-
bodied and idiopathic scoliosis girls. PLoS One. 2013;8(7):e70205.

7. Haumont T, Gauchard GC, Lascombes P, Perrin PP. Postural instability in early-
stage idiopathic scoliosis in adolescent girls. Spine. 2011,36(13):£847-E54.

8. Le Berre M, Guyot M-A, Agnani O, Bourdeauducq |, Versyp M-C, Donze C,
et al. Clinical balance tests, proprioceptive system and adolescent idiopathic
scoliosis. Eur Spine J. 2017;26(6):1638-44.

9. Herman R, Mixon J, Fisher A, Maulucci R, Stuyck J. Idiopathic scoliosis and
the central nervous system: a motor control problem. The Harrington
lecture, 1983. Scoliosis Research Society. Spine. 1985;10(1):1-14.

10.  Valles KB, Long J, Riedel S, Graf A, Krzak J, Hassani S, et al. Analysis of
postural stability following posterior spinal fusion in adolescents with
idiopathic scoliosis. Stud Heath Technol Inform. 2010;158:127-31.

11. Schimmel JJ, Groen BE, Weerdesteyn V, de Kleuver M. Adolescent idiopathic
scoliosis and spinal fusion do not substantially impact on postural balance.
Scoliosis. 2015;10(1):18.

12, Kurapati NT, Krzak JJ, Graf A, Hassani S, Tarima S, Sturm PF, et al. Effect of
surgical fusion on volitional weight-shifting in individuals with adolescent
idiopathic scoliosis. Spine Deform. 2016;4(6):432-8.

v



St-Georges et al. BMC Musculoskeletal Disorders

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31

32.

33.

34.

35.

36.

(2020) 21:466

O'Beire J, Goldberg C, Dowling F, Fogarty E. Equilibrial dysfunction in
scoliosis--cause or effect? J Spinal Disord. 1989;2(3):184-9.

Yagi M, Ohne H, Kaneko S, Machida M, Yato Y, Asazuma T. Does corrective
spine surgery improve the standing balance in patients with adult spinal
deformity? Spine J. 2018;18(1):36-43.

Bassett GS, Hensinger MC, Keiper MD. Effect of posterior spinal fusion on
spinal balance in idiopathic scoliosis. J Pediatr Orthop. 1989;,9(6):672-4.
Cheng JC, Castelein RM, Chu WC, Danielsson AJ, Dobbs MB, Grivas TB, et al.
Adolescent idiopathic scoliosis. Nat Rev Dis Primers. 2015;1:15030.

Makino T, Kaito T, Kashii M, lwasaki M, Yoshikawa H. Low back pain and
patient-reported QOL outcomes in patients with adolescent idiopathic
scoliosis without corrective surgery. Springerplus. 2015;4(1):397.

Smorgick Y, Mirovsky Y, Baker KC, Gelfer Y, Avisar E, Anekstein Y. Predictors
of back pain in adolescent idiopathic scoliosis surgical candidates. J Pediatr
Orthop. 2013;33(3):289-92.

Théroux J, Le May S, Hebert JJ, Labelle H. Back pain prevalence is associated
with curve-type and severity in adolescents with idiopathic scoliosis. Spine.
2017:42(15):E914-E9.

Théroux J, Stomski N, Hodgetts CJ, Ballard A, Khadra C, Le May S, et al.
Prevalence of low back pain in adolescents with idiopathic scoliosis: a
systematic review. Chiropr Man Therap. 2017;25(1):10.

Bettany-Saltikov J, Weiss HR, Chockalingam N, Taranu R, Srinivas S, Hogg J,
et al. Surgical versus non-surgical interventions in people with adolescent
idiopathic scoliosis. Cochrane Database Syst Rev. 2015;(4). https://doi.org/10.
1002/14651858.CD010663.pub2.

Petcharaporn M, Pawelek J, Bastrom T, Lonner B, Newton PO. The
relationship between thoracic hyperkyphosis and the Scoliosis Research
Society outcomes instrument. Spine. 2007;32(20):2226-31.

Fortin C, Grunstein E, Labelle H, Parent S, Feldman DE. Trunk imbalance in
adolescent idiopathic scoliosis. Spine J. 2016;16(6):687-93.

Sieberg CB, Simons LE, Edelstein MR, DeAngelis MR, Pielech M, Sethna N,
et al. Pain prevalence and trajectories following pediatric spinal fusion
surgery. J Pain. 2013;14(12):1694-702.

Ferland CE, Saran N, Valois T, Bote S, Chorney JM, Stone LS, et al. Preoperative
distress factors predicting postoperative pain in adolescents undergoing
surgery: a preliminary study. J Pediatr Health Care. 2017;31(1):5-15.

Message C. Clinical parameters guide; 2016.

Teles AR, St-Georges M, Abduljabbar F, Simdes L, Jiang F, Saran N, Ouellet
JA, Ferland CE. Back pain in adolescent idiopathic scoliosis: the contribution
of biomechanical and psychological factors. Eur Spine J. 2020. https://doi.
0rg/10.1007/500586-020-06489-2.

de Abreu DC, Gomes MM, de Santiago HA, Herrero CF, Porto MA, Defino
HL. What is the influence of surgical treatment of adolescent idiopathic
scoliosis on postural control? Gait Posture. 2012;36(3):586-90.

Byl NN, Gray JM. Complex balance reactions in different sensory conditions:
adolescents with and without idiopathic scoliosis. J Orthop Res. 1993;11(2):
215-27.

Merola AA, Haher TR, Brkaric M, Panagopoulos G, Mathur S, Kohani O, et al.
A multicenter study of the outcomes of the surgical treatment of
adolescent idiopathic scoliosis using the Scoliosis Research Society (SRS)
outcome instrument. Spine. 2002;27(18):2046-51.

Connelly M, Fulmer RD, Prohaska J, Anson L, Dryer L, Thomas V, et al.
Predictors of postoperative pain trajectories in adolescent idiopathic
scoliosis. Spine. 2014;39(3):E174-E81.

Mimura T, lkegami S, Oba H, Uehara M, Koseki M. Factors leading to
postoperative pain in adolescent idiopathic scoliosis patients including
sagittal alignment and lumbar disc degeneration. Eur Spine J. 2019;28(12):
3085-91.

Teles AR, Ocay DD, Shebreen AB, Tice A, Saran N, Ouellet JA, et al. Evidence
of impaired pain modulation in adolescents with idiopathic scoliosis and
chronic back pain. Spine J. 2019;19(4):677-86.

Garland EL. Pain processing in the human nervous system: a selective
review of nociceptive and biobehavioral pathways. Prim Care. 2012,39(3):
561-71.

Gauchard GC, Lascombes P, Kuhnast M, Perrin PP. Influence of different
types of progressive idiopathic scoliosis on static and dynamic postural
control. Spine. 2001;26(9):1052-8.

Pasha S, Capraro A, Cahill PJ, Dormans JP, Flynn JM. Bi-planar spinal
stereoradiography of adolescent idiopathic scoliosis: considerations in 3D
alignment and functional balance. Eur Spine J. 2016;25(10):3234-41.

37.

38.

39.

Page 11 of 11

Braun BJ, Veith NT, Hell R, Débele S, Roland M, Rollmann M, et al. Validation
and reliability testing of a new, fully integrated gait analysis insole. J Foot
Ankle Res. 2015;8(1):54.

Oerbekke MS, Stukstette MJ, Schiitte K, de Bie RA, Pisters MF, Vanwanseele
B. Concurrent validity and reliability of wireless instrumented insoles
measuring postural balance and temporal gait parameters. Gait Posture.
2017,51:116-24.

Stoggl T, Martiner A. Validation of Moticon’s OpenGo sensor insoles during
gait, jumps, balance and cross-country skiing specific imitation movements.
J Sports Sci. 2017;35(2):196-206.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1002/14651858.CD010663.pub2
https://doi.org/10.1002/14651858.CD010663.pub2
https://doi.org/10.1007/s00586-020-06489-2
https://doi.org/10.1007/s00586-020-06489-2

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Population
	Global biomechanical and morphological assessment
	Three-dimensional spinal structure assessment
	Balance assessment
	Pain assessment
	Statistical analysis

	Results
	Spinal morphological assessment
	Postural balance evaluation
	Pain assessment
	Relationship between pain, spinal morphology and postural balance
	Preoperative morphology and pain
	Six weeks postoperative morphology and pain
	Six months postoperative morphology and pain
	Perioperative balance and pain


	Discussion
	Perioperative changes in morphology and their association to balance
	Perioperative report of pain and its associations
	Limitations and strengths

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

