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Introduction

Adult spinal deformity (ASD), technically defined as having 
scoliosis >20°, sagittal vertical axis (SVA) >5 cm, pelvic tilt 
>25°, and/or thoracic kyphosis >60°, is a significant source 

of the Global Burden of Disease (1). The complex condition 

involves progressive deformity and deterioration of the 

spine due to excessive and abnormal loads in the sagittal 

and/or coronal plane (2). ASD is a major factor in disability 
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and pain and thus surgical intervention is frequently a 
treatment choice. Surgical complexity, however, becomes 
much greater when there are multiple spine deformities (3),  
and this complexity can lead to ineffective surgical 
intervention; that is, the spine surgery does not improve 
the spinal deformity. Thus, therapeutic spine rehabilitation 
is often necessary after surgical intervention, particularly if 
post-surgical symptoms and disability persist.

Patients with ASD show impairment in postural control; 
the maintenance of standing balance. Increased center of 
pressure (COP) amplitudes are indicative of unsteadiness 
(4-6). Ito et al., for example, found patients having a 
SVA >40 mm showed greater root mean square (RMS) 
displacement in the eyes closed (EC) condition vs. a young 
and healthy control group (4). Godzik et al. found that 
thoracic hyperkyphosis positively correlated with medial-
lateral (ML) sway displacement in eyes open (EO) and EC 
conditions as well as total sway area in the EC condition vs. 
age-matched controls (5). Yagi et al. found those with SVA 
>50 mm and/or scoliosis >20° displayed greater sway area 
and left-to-right differences in ground reaction forces (6). 
There is a dearth of clinical evidence on the improvement 
in postural control for patients with ASD and previous 
surgical intervention.

Herein we present a case of a clinically significant 
improvement in postural control as measured by force plate 
after a multimodal treatment program of CBP posture 
rehabilitation as well as postural control rehabilitation 
in an elderly female with long-standing ASD including 
thoracic hyper-kyphosis and previous surgical intervention 
for thoracolumbar scoliosis. We present this article in 
accordance with the CARE reporting checklist (available at 

https://acr.amegroups.com/article/view/10.21037/acr-23-
183/rc).

Case presentation

In June, 2022, a 69-year-old female presented with gait 
and balance issues as well as back pains and headaches  
(2×/month). The patient underwent surgical stabilization 
for scoliosis at age 16 involving a single Harrington rod 
placed from T10 to L4. The pains were described to be 
in the mid and lower back, aggravated by walking and 
standing for too long and relieved by sitting or standing 
with her arms positioned behind her back. The pain started 
insidiously, approximately 3 years previous and were 
reported to range from 0 to 8/10 (0= no pain; 10= disabling 
pain) dependent on body position. She also reported having 
chronic digestive issues and headaches since age 4 years. 
Regarding her mobility, she reported feeling unsteady 
and lacked confidence to walk for extended periods due 
to balance issues which had been developing over the last  
5 years. The patient did not report any previous falls 
and did not use a walking aid. The patient also reported 
having long standing stooped posture as well as diagnosed 
osteopenia. There was no familial scoliosis. The patient 
reported past physiotherapy that was directed at a previous 
hip flexor issue that only provided short-term relief.

Physical assessment showed significant rigidity 
throughout the thoracolumbar spine. Range of motion was 
limited for all lumbar spine movements. Palpation revealed 
tight and tender paraspinal muscle fibers throughout the 
middle and upper thoracic spine. The uppermost end of the 
Harrington rod could be palpated through the skin. Visual 
posture assessment identified a forward stooped posture 
with anterior head translation (AHT). Many orthopedic 
tests could not be performed due to the inability to move 
the spine and limbs due to inflexibility, and the straight leg 
raiser was limited bilaterally to 45° due to low back pain and 
hamstring tightness. Muscle strength testing revealed lower 
limb weakness (4/5) on all lower limb muscle tests. Reflexes 
were normal.

Sectional standing radiography images of the spine were 
taken and digitized using an advanced spine digitizing 
program (PostureCo Inc., Trinity, FL, USA) and stitched 
to create a full-spine profile. Alignment analysis was 
performed by the posterior tangent method which has 
excellent accuracy and reliability (7,8). The sagittal profile 
spinal alignment (Figure 1) shows a forward SVA from C2 
to S1 (SVA: 118.4 mm), AHT (26.4 mm), and thoracic 
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hyperkyphosis (64.7°). Also seen is the Harrington rod 
located between T10 and L4.

Standing balance testing was performed using the 
BTrackS balance plate (Balance Tracking Systems, San 
Diego, CA, USA) (9). This plate has established validity 
(10-12) and test re-test reliability (13). The modified 
clinical test of sensory integration and balance (mCTSIB) 
was performed to assess the different bodily systems that 
contribute to postural control (13). Figure 2 and Table 1 
show the results of the testing. The patient demonstrated 
postural control impairment as the COP derived parameters 
for the ‘vestibular’ condition (EC; standing on foam) were 
high (14,15). Importantly, the patient scored a 165 cm COP 
total path length which placed her below the 10% percentile 
according to the normative data for females aged 60 years 
plus integrated into the proprietary BTrackS software (16).

Treatment was prescribed for posture correction using 
CBP technique methods (17,18). Based on the measured 
abnormalities on the radiographs, a program was prescribed 
to extend the spine above the top of the Harrington rod 
using spine extension mirror image® traction (Figure 3). 
Due to her age, osteopenia, and her exaggerated hunched 
posture, progressing with the amount of weight added 
to the head with a head/forehead strap was slow but 
progressive to lessen any risk of exacerbation. The patient 
began traction with no weight and progressed to 12 pounds.

The patient also performed a series of five mirror image 
exercises. The first involved standing against a block placed 
at the mid thoracic spine at the location of the peak of 
the mid back curve abnormality. Standing with the back 
to the wall, the head and pelvis were retracted backwards 
towards the wall. This position was held for 5 seconds and 
repeated for 50 repetitions. The rest of the exercises were 
done on the PowerPlate® (Northbrook, IL, USA) whole-
body vibration platform to increase their intensity (19). 
The second exercise was the “birddog”. On all fours, the 
opposite arm and leg were extended, held, and switched 
to the opposite side. The third exercise was the superman, 
laying on the stomach the legs and arms were raised and 
held. The fourth exercise were ‘W’s’, where the patient 
stood with the arms in the anatomical position, then bent 
the elbows to form a ‘W’, then straightened the arms 
overhead and repeated in the opposite sequence. The fifth 
exercise was horizontal arm extensions with resistance. 
These exercises were encouraged to do daily as well as in-
office.

Two more exercises were performed for balance. 
Walking in place and standing squats were performed on 
the PowerPlate. All platform exercises were performed 
for 60 seconds. Initially, only one cycle of each exercise 
was performed, as treatment progressed, two cycles 
were performed. Later three cycles were performed for 
the balance training exercises. The patient also received 
paraspinal stimulation using a hand-held percussion device 
(Impac Inc., Salem, OR, USA) while in a seated position. All 
procedures performed in this study were in accordance with 
the ethical standards of the institutional and/or national 
research committee(s) and with the Helsinki Declaration (as 
revised in 2013). Written informed consent was obtained 
from the patient for the publication of this case report and 
accompanying images. A copy of the written consent is 
available for review by the editorial office of this journal. 
The patient tolerated the treatment well and there were no 
adverse events with treatment.

After 36 treatments (30 minutes/session) over the first 
3 months (i.e., 3×/week), the patient reported improved 
balance and gait and stated she felt ‘better posture’. The 
back pain was reported to be largely relieved (ranging 
from 0 to 5/10 with long durations of standing) and the 
headaches were reported to be rare. Radiography showed 
improvement in the C1–S1 SVA (98.8 vs. 118.4 mm) (not 
shown). At this time, the patient continued on a three times 
per week schedule and started to add weight off the head to 
intensify the spine traction (Figure 3).

Figure 1 Lateral full-spine radiographs. Left: pre-treatment; right: 
10-month post-treatment. There was a 1-inch reduction in the 
C1–S1 SVA magnitude. Red lines: posterior vertebral margins; 
green lines: ideal path of posterior longitudinal ligament. SVA, 
sagittal vertical axis.



AME Case Reports, 2024Page 4 of 8

© AME Case Reports. All rights reserved. AME Case Rep 2024 | https://dx.doi.org/10.21037/acr-23-183

After 7 months (72 treatments) the patient reported to 
be doing well with her balance and gait, however, reported 
she still felt ‘compressed’ within the mid-torso area. A 
posturography exam on the force plate demonstrated 
improvements in COP parameters for the vestibular 
condition (EC; standing on foam). The COP total path 
length decreased by 81 cm (84 vs. 165 cm), the 95% ellipse 
area decreased by 38.9 cm2 (14.4 vs. 53.3 cm2), and the 
other parameters decreased by approximately half (Table 1). 
The patient’s percentile score for the vestibular condition 
changed from the 10th percentile to better than the 70th 
percentile. His time the patient had worked up to the 
traction weight of 7 pounds (Figure 3).

After 10 months (108 treatments) the patient reported 
to be doing well with balance and gait performance and felt 
stronger due to the exercise program. She reported that the 
compressed feeling in the mid torso area was still present 
but felt it was changing (i.e., improving). Radiography 
showed her posture was slightly improved in both reduced 
AHT (19.7 vs. 26.4 mm) and overall C1–S1 sagittal balance 
(92.3 vs. 118.4 mm). Posturography testing showed a 
further decrease in COP total path length (63 vs. 165 cm), 
the average velocity also decreased to 3.1 cm/s (vs. 8.2 cm/s).  
The patient had worked up to a traction weight of  
12 pounds (Figure 3). The patient reported she ‘felt good’ in 
traction as it was pulling in the right areas.

Figure 2 COP stabilograms of the four trials of the mCTSIB. Top: pre-treatment; middle: 7-month post-treatment; bottom: 10-month 
post-treatment. Yellow line indicates the path of the COP over a 20-second trial collection; blue ellipse equals the 95% area; yellow number 
equals total path length of the COP in centimeters. Individual plots are not to equal scale. EO, eyes open; EC, eyes closed; COP, center of 
pressure; mCTSIB, modified clinical test of sensory integration and balance.
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Discussion

Key findings

This case illustrates a clinically significant improvement in 
standing balance following treatment consisting of CBP 
spinal rehabilitation as well as balance rehabilitation using 
whole-body vibration. All COP parameters measured had a 

significant decrease for the vestibular condition; the fourth 
trial of mCTSIB which demonstrates important measures 
of improved performance (14-16). Importantly, there was a 
102 cm reduction in COP total path length, which is well 
beyond the minimal detectable change of 10.5 cm (20)  
and 19.4 cm (21) for young and older adults in the EC 
condition, respectively. As a result, the patient’s scores on 
the vestibular condition showed a change from scoring 
below the 10th percentile to scoring above the 90th percentile 
for a female older than 60 years (16).

Strengths and limitations

There are limitations to this case. First, this is a single case 
and despite the improvement in postural control (balance), 
no causal inference can be made. Second, there is no long-
term follow-up after the cessation of treatment to assess the 
stability of improved postural control. The last limitation is 
the use of multiple treatment modalities; namely, PowerPlate 
exercises, CBP spinal extension traction, paraspinal 
stimulation via mechanical instrument, and mirror image 

Table 1 Centre of pressure metrics

mCTSIB trial conditions
COP path length 

(cm)
95% area  

(cm2)
Range ML  

(cm)
Range AP  

(cm)
Avg. velocity 

(cm/s)
RMS ML  

(cm)
RMS AP  

(cm)

(I) Standard (firm-EO)

Pre 20.0 3.3 1.3 2.3 1.0 0.4 0.6

Post1 22.0 1.0 0.9 1.5 1.1 0.2 0.3

Post2 18.0 1.2 0.9 1.8 0.9 0.2 0.3

(II) Proprioception (firm-EC)

Pre 34.0 4.4 1.4 4.1 1.7 0.3 1.0

Post1 34.0 2.9 0.9 4.6 1.7 0.2 0.9

Post2 49.0 3.4 0.9 6.5 2.4 0.1 1.3

(III) Visual (foam-EO)

Pre 26.0 3.8 2.0 2.3 1.3 0.5 0.4

Post1 24.0 2.8 1.8 2.1 1.2 0.3 0.4

Post2 29.0 4.0 2.4 2.1 1.4 0.5 0.5

(IV) Vestibular (foam-EC)

Pre 165.0 53.3 6.6 12.1 8.2 1.3 2.1

Post1 84.0 14.4 3.1 7.0 4.2 0.6 1.5

Post2 63.0 14.0 3.0 7.5 3.1 0.6 1.2

mCTSIB, modified clinical test of sensory integration and balance; COP, center of pressure; ML, medial-lateral; AP, anterior-posterior; Avg., 
average; RMS, root mean square; EC, eyes closed; EO, eyes open.

Figure 3 Spine traction set-up. The head and upper torso are 
being extended backward above T10, the upper placement of the 
Harrington rod.
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exercises. The specific modality leading to postural control 
improvement cannot be known conclusively. Larger, clinical 
trials are necessary to determine firm conclusions. It is 
speculated that both non-surgical posture improvement as 
well as whole-body vibration exposures have the potential 
to contribute to improved postural control and balance 
performance.

Comparison with similar research

It is known that patients with ASD have impaired postural 
control (4-6). Although some pre- and post-surgery trials 
have determined differences in some measures of postural 
control after spinal surgery for ASD (22), most studies 
fail to show significant differences following surgical re-
alignment (23). Sakaguchi et al. (23) discovered that the 
order of recovery following spinal surgery for ASD was first 
in dynamic balance, second in gait, and finally, and lagging 
behind was static standing balance. In fact, in their study, 
static balance remained unchanged at the 12-month post-
operative assessment. They suggested that poor adaptation 
to a new spine alignment may explain the lack of balance 
performance improvement at the 1-year post-surgical 
assessment (23). Thus, the current case demonstrating 
improved postural control after 10 months of rehabilitation 
warrants further research.

Explanation of findings

The mCTSIB is a unique balance test that systematically 
assesses the different sensory systems involved with 
achieving postural stability. Importantly, our measures found 
significant deficiency in the fourth trial condition; that is, 
the vestibular condition. Piątek-Krzywicka et al. determined 
that performing this test on adolescent idiopathic 
scoliosis (AIS) patients demonstrated that it was only on 
the vestibular trial that a significant difference showing 
impairment was observed as compared to age-matched 
controls (24). Further, Sim et al. determined that larger 
spinal deformity magnitudes demonstrated larger postural 
impairment, and increased energy rates (as determined by 
discrete wavelet transformation) were observed for vestibular 
input over both visual and somatosensory inputs (25).  
Others have also demonstrated deficiencies in postural 
control in the condition that isolates the vestibular system 
(26,27) demonstrating that vestibular impairment is a 
phenomenon occurring in patients with ASD. It seems ASD 
patients may maximally exert their compensatory muscles, 

so-called ‘postural reserves’ in the attempt to maintain their 
postural steadiness (5). This is seen, for example, in those 
with thoracic hyperkyphosis who have severe fatigue in the 
paravertebral spinal muscles (28).

Although clinically significant postural control 
improvements occurred in this patient, as all COP 
parameters decreased in the performance of the vestibular 
trial after 10-month of treatment, we cannot confirm why 
these changes occurred. Attributing this to the improved 
postural alignment is questionable as there was only a 
small improvement in the C1–S1 SVA. It should be noted 
however, unlike spinal surgery which forces a re-positioning 
of the spine by surgical hardware, postural improvements 
by non-invasive methods occur over a longer time frame 
and involve exercising the muscles that support and move 
the spine as part of the treatment and may show promise 
in improving balance control. Alternatively, whole-body 
vibration has been shown to contribute to a triggering 
towards recalibration of the sensorimotor systems. Rigoni 
et al. found that when exposed to whole-body vibration, 
although the challenge destabilizes balance initially, the 
stimulation increases the recruitment of more muscular 
effort (29). It is postulated that this process shifts the muscle 
modulation towards a supraspinal control and recalibration 
of muscle recruitment (29).

Implications and actions needed

Improved balance has been associated with reduced fall risk 
(30,31). Fall reduction in elderly patients may be preventive 
for many untoward consequences; note that the patient of 
this report also had a comorbidity of osteopenia. Further 
research is needed to elucidate which treatment approaches 
are efficacious at improving postural balance control in 
those with spinal deformity.

Conclusions

A non-surgical rehabilitation program demonstrated 
dramatically improved balance performance in an elderly 
female diagnosed with osteopenia, ASD, and previous spine 
deformity surgery. This approach to improving postural 
stability is important and further investigations should be 
undertaken.
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