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Background: Adult spinal deformity (ASD) is a prevalent condition in individuals over the age of 65;
leading to impaired standing balance and abnormal gait patterns. This functional impairment may be due to
the fixed sagittal or coronal malalignment; associated spinal stenosis or deconditioning. The Berg balance
scale (BBS) was developed to measure balance by assessing the performance of functional tasks. The purpose
of this study is to determine if BBS is a useful metric for evaluating functional status in ASD patients.
Methods: ASD patients who required fusion from the thoracic spine to the pelvis from 2014 to 2016
were enrolled and asked to complete the BBS prior to and six months after surgery. BBS were obtained by
a certified physical therapist. Standard demographic; radiographic and surgical data were collected. The
Oswestry disability index (ODI), EuroQOL-5D and numeric rating scales (0 to 10) for back and leg pain
were assessed at baseline and post-intervention.

Results: Of 21 patients enrolled; 19 completed pre- and post-surgery BBS. The mean age was 59.8+13.3
years with 14 females. There was a statistically significant improvement in all outcome scores and
radiographic parameters after surgery; but no difference in BBS. Only one patient had a BBS score low
enough to be considered a medium fall risk. There was no difference in the pre-op BBS scores in the four
patients that had revision surgery compared to those that did not.

Conclusions: In this small pilot study; BBS did not appear to be associated with measures of clinical and
radiographic improvement in ASD patients. The test was also potentially problematic in that it has a ceiling
effect and required significant time with a trained physical therapist for administration. Continued effort to

identify a viable measure of balance dysfunction in ASD patients is warranted.
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Introduction

Patients with adult spinal deformity (ASD) present with a
variety of symptoms, including lower back pain, radicular
pain, and cosmetic issues (1). As a result of their scoliotic
curve, these patients suffer from a three-dimensional,
structural problem that often impairs normal standing
balance and gait mechanics. Over the recent decade, there
has been a focus on sagittal and spinopelvic parameters
and their ability to drive health related quality of life
(HRQOL) outcomes (2). There have been numerous
attempts to classify the pathology based on two-dimensional
radiographic measurements (3).

However, in a homogenous ASD population, recent
evidence suggests that static radiographic parameters may
not correlate as well as previously thought with either
HRQOL measures (4) or clinical outcomes (5). Although
sagittal parameters and spinopelvic measurements represent
tangible and concrete targets for spinal deformity surgeons,
they are likely not the sole driver of patient outcome. Two-
dimensional radiographic parameters are measured in an
upright, static position which restricts their ability to assess
the dynamic postural changes that occurs with activities of
daily living (ADL). As such, patients with ASD have been
shown to walk with a greater forward tilt of the trunk as
compared to that when standing (6).

Despite the focus on sagittal parameters, the influence
of dynamic posture, standing balance, and walking balance
on ASD patients have not yet been extensively studied.
There are multiple clinical measurement tools reported
in the physiatry and neurology literature that have aimed
to quantify balance and dynamic stability in patients with
neuromuscular disorders—notably the Berg Balance Scale
(BBS), physical performance test, and Balance Evaluation
Systems Test (BESTest) (7,8). The BBS was developed to
measure balance by assessing the performance of functional
tasks. Physiatrists have advocated the BBS as a useful tool
for evaluation of the effectiveness of physical therapeutic
interventions and for quantitative descriptions of function
in clinical practice and research. The purpose of the
current study was to determine if BBS is a useful metric for
evaluating functional status in ASD patients.

Methods

After Institutional Review Board approval and informed
consent, ASD patients were prospectively evaluated from
2014 through 2016 at a single, high-volume spine surgery
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center. Patients were screened for inclusion criteria,
including the requirement of surgical thoracolumbar fusion
extending to the pelvis. Balance and dynamic stability was
quantified in each patient with the BBS. Any patient who
failed to complete BBS testing preoperatively and at six
months postoperatively was excluded. Additionally, any
patient with less than 2 years of clinical follow up was
excluded. The BBS clinical measurement was performed
and scored by a certified physical therapist with extensive
experience with the scale.

Standard demographic, radiographic and surgical data
were collected. Demographic data included a detailed
past medical history specific for neuropathy, diabetes,
visual impairment, vestibular disease, cervical spine
pathology, multiple falls, and other disorders that may
impact neuromuscular control. Baseline and postoperative
radiographic data included sacral vertical axis (SVA), major/
minor coronal Cobb angles, thoracic kyphosis (T2-T12),
lumbar lordosis (L1-S1), pelvic incidence and pelvic tilt.
Changes in HRQOL were measured through the Oswestry
disability index (ODI), EuroQOL-5D, and numeric rating
scales (0 to 10) for back and leg pain. Process measures, such
as proportion of patients who agree to undergo the test, the
time it takes to administer the test, and impediments to test
administration in the clinic, were also recorded.

Unadjusted univariate analysis was performed to
determine the mean differences between measurements
utilizing independent student #-test for continuous data
and Chi-squared or Fischer’s exact testing for categorical
variables. Findings were considered statistically significant
when the P value was <0.05. Analysis was conducted using
IBM SPSS Statistics Version 24.

Results

Twenty-one patients enrolled in the study. Of the
21 patients, 19 (90.5%) completed preoperative and
postoperative BBS. The mean age was 59.8+13.3 years with
14 females (73.7%). There were 3 patients with diabetes
mellitus (15.8%), 6 patients with neuropathy (31.6%), 14
patients requiring corrective glasses (73.7%), 2 patients
with prior eye surgery (10.5%), 3 patients with vestibular
disease (15.8%), and no patients with a history of stroke.
There were 2 patients (10.5%) with neurologic disease—
epilepsy and post-polio syndrome. Two patients (10.5%)
had an oncologic history—one with metastasis (5.3%).
Three patients had a history of multiple falls (15.8%) and

four patients required assistive devices for ambulation

7 Spine Surg 2019;5(4):451-456 | http://dx.doi.org/10.21037/jss.2019.09.15



Journal of Spine Surgery, Vol 5, No 4 December 2019

(21.1%). There were no patients who required a wheelchair
preoperatively or postoperatively (7able I).

There was a statistically significant improvement in
all radiographic parameters outcome scores (7able 2)
after surgery. The major coronal Cobb angle improved
from 27.86° pre-op to 13.03° post-op (P=0.002); thoracic
kyphosis improved from 33.22° to 44.29° (P=0.002); and
lumbar lordosis improved from 27.64° to 42.39° (P=0.000).

The EQS5D domain improved from 0.53 to 0.67
(P=0.008) and ODI decreased from 47.10 to 37.73
(P=0.019) after surgery. Back pain decreased from 6.88 to
4.47 (P=0.001) and leg pain decreased from 4.88 to 3.06
(P=0.033) after surgery. Balance stability, as assessed by

Table 1 Pertinent patient medical history

History N (%)

Diabetes mellitus 3(15.8)
Neuropathy 6 (31.6)
Corrective lenses 14 (73.7)
Prior eye surgery 2(10.5)
Stroke 0 (0.0)

Vestibular disease 3(15.8)
Neurologic disease 2(10.5)
Oncologic history 2(10.5)
Wheelchair 0 (0.0)

Assistive ambulatory device 4(21.1)
Multiple falls 3(15.8)
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BBS, did not change significantly with surgical intervention
(50.89 to 51.58, P=0.441). Only one patient had a BBS
score low enough to be considered a medium fall risk.
Four patients required a revision surgery. Two patients had
revision surgery for both non-union and proximal junctional
kyphosis (PJK), one patient for nonunion and one patient
for PJK. There was no difference in the pre-op BBS scores
in the four patients that had revision surgery compared to
those that did not.

Discussion

Sagittal alignment correlates with HRQOL in ASD both
before and after surgery (2). However, the correlation
between correction of sagittal alignment and clinical
improvement has been more difficult to demonstrate
(Ha). Recent evidence supports the concept that static,
radiographic parameters may not likely to be the sole driver
of outcomes (4,9-11). Although authors have reported a
discrepancy between standing posture and sagittal balance
during walking in patients with ASD (6), the exact influence
of dynamic variables, including standing and walking
balance, on ASD patients has not yet been defined. The
Dubousset “cone of economy” illustrates importance of
balance in maintaining an upright posture and minimizing
energy expenditure with standing and walking (12). Our
previously limited focus on purely mechanical factors and
alignment in ASD may be imperfect and dynamic stability
may play a larger role in maintenance of the cone and
the HRQOL outcomes of ASD patients than previously
understood.

Table 2 Pre-operative and post-operative radiographic and outcome measures

Variable Pre-operative, mean (SD) Post-operative, mean (SD) P value
Major coronal cobb, °© 27.86 (16.12) 13.03 (6.53) 0.002
T2-T12 sagittal cobb, ° 33.22 (16.85) 44.79 (11.05) 0.002
L1-S1 sagittal cobb, ° 27.64 (12.32) 42.39 (5.90) 0.000
EQ5D 0.53 (0.21) 0.67 (0.21) 0.008
ODI 47.10 (16.82) 37.73 (17.91) 0.019
Back pain 6.88 (1.87) 4.47 (2.50) 0.001
Leg pain 4.88 (2.75) 3.06 (2.96) 0.033
Berg balance score 50.89 (3.78) 51.58 (5.33) 0.441

ODI, Oswestry disability index.
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Clinical balance and proprioception has been
studied preliminarily in adolescent idiopathic scoliosis
populations (13) and in osteoporotic thoracic kyphosis (14).
However, there have been relatively few studies evaluating
balance in ASD. Anecdotally, surgeons have noted poor
outcomes and higher revision rates in patients with
associate neuropathic or neurologic pathologies who have
undergone surgical correction of their deformity. While this
is well document for patients with substantial neurologic
disorders, such as Parkinson’s disease (15), the impact
of lesser neurologic impairment or other abnormalities
of balance has not been fully elucidated. Glassman and
colleagues attempted to evaluate the neurologic issues
affecting deformity surgery. The authors reported that
76% of patients who suffered proximal junctional kyphosis
also suffered from co-morbidities that adversely affected
balance, irrespective of alignment (9). A follow up study
similarly reported 75% versus 32% rate of preoperative
neurologic comorbidities in a matched series of proximal
junctional failure (PJF) and non-PJF deformity patients
(P<0.001) (11). A lack of neuromuscular control, regardless
of the mechanism or etiology, may contribute to an
inability to rebalance the spine cephalad to a long fusion
construct. Similarly, Yagi et al. showed that corrective spinal
surgery for ASD improved radiographic spinal alignment,
but failed to improve standing stability (10). This data
suggests that neuromuscular fatigue and dysfunction in the
proprioceptive and postural response system may affect
balance in ASD patients.

Human balance is regulated by a complicated
system of neural and musculoskeletal proprioceptive
mechanisms with the integration of vestibular, visual, and
somatosensory information (16). There have been multiple
clinical measurement tools designed to quantify balance
and dynamic stability in patients with neuromuscular
dysfunction. The BBS was one such clinical tool developed
to assess balance through the performance of functional
tasks (7). Although originally developed to measure balance
in an isolated elderly population, it has since been used to
measure balance in a wide variety of patients and evaluated
in several reliability studies (17). The scale involves 14
balance tests, each of which are scored 0 (lowest function)
to 4 (highest function). The scores are summed to make a
total score between 0 and 56, where 0-20 is a high fall risk,
21-40 is a medium fall risk, and 41-56 is a low fall risk. We
sought to determine if BBS is a useful metric for evaluating
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functional status in ASD patients.

In the current study, we reported a statistically significant
improvement in outcome scores and radiographic
parameters with surgical treatment of ASD. However,
there was no change in BBS scores before and after surgical
intervention. Moreover, when comparing patients who
underwent revision to those who did not, there was no
statistical difference in the preoperative BBS scores. There
was only a single patient in our series with a BBS score low
enough to be considered a medium fall risk suggesting that
the scale may have a significant ceiling effect in the ASD
population.

Although successfully evaluated in several reliability
studies, the BBS appeared to exhibit ceiling effects in our
small series of ASD patients. The ceiling effect is likely due
to the lower variability in balance in the operative ASD
population and because of this, the BBS was unable to
discriminate between the patients. Even if there was a real
change in balance and dynamic stability from preoperative
to postoperative assessment, the BBS scale was unlikely to
detect a difference.

On the other hand, patient performance on the BESTest,
another clinical assessment of dynamic balance, has been
shown to impact HRQOL measures greater than 2D
radiographic sagittal parameters and demographic variables
in ASD. Unlike the BBS, performance on BESTest was
able to predict nearly 3% of variance in ASD HRQOL
measures (18). Thus, it is plausible that a clinical
measurement tool with increased sensitivity and granularity
may provide ability to detect the differences in balance of
ASD patients.

The present study had a small sample size consisting only
of operative ASD patients, which is a potential weakness.
However, the data was collected in a prospective fashion
with a minimum of 2-year follow-up. Extensive corrective
fusion surgery for ASD may take a long time to recover
functionally. Administration of the BBB at six months after
surgery may have not allowed enough time for the patients
to reach maximum improvement in over-all health and
balance. All radiographic measures were performed at a
single center using standardized image analysis software to
minimize potential variation in technique. Further variation
was minimized with a single certified physical therapist
performing every clinical examination independently, as
the BBS instructions may be interpreted and delivered in
slightly different ways by different assessors.
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Conclusions

Although balance and dynamic stability likely contribute to
the improvement of HRQOL scores in ASD patients, BBS
did not appear to be associated with measures of clinical
and radiographic improvement in this small pilot series.
Unfortunately, the test exhibited a ceiling effect, which
was potentially problematic in that it lacked the ability to
discriminate differences in balance stability in this patient
population. Additionally, BBS required significant time
with a trained physical therapist for administration. A
more sensitive, streamlined assessment, such as BESTest,
quantified Romberg, or dynamic posturography, may
provide the power to differentiate dynamic subtleties in this
patient population. Continued effort and future research is
necessary to identify a viable measure of balance dysfunction
in ASD patients.
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