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Mini abstract

Current evaluation methods in adult spinal deformity fail to assess functional impairments.
Therefore, this study introduced a valid and reliable clinical scale, the Function Assessment
scale for Spinal Deformity. By measuring function and balance, this scale can increase our
insights on the impact of spinal deformity on functioning.
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Abstract
Study design: Cross-sectional study

Objective: To develop and validate the Function Assessment scale for Spinal Deformity
(FASD).

Summary of Background Data: Spinal malalignment impacts daily functioning. Standard
evaluation of adult spinal deformity (ASD) is based on static radiography and patient-
reported scores, which fail to assess functional impairments. A clinical scale, quantifying
function and balance of patients with ASD, could increase our insights on the impact of ASD
on functioning.

Methods: To develop the FASD, 70 ASD patients and 20 controls were measured to identify
the most discriminating items of the Balance Evaluation Systems Test and Trunk Control
Measurement Scale. Discussions between experts on the clinical relevance of selected items
led to further item reduction. The FASD’s discriminative ability was established between 43
patients and 19 controls, as well as between three deformity subgroups. For its
responsiveness to treatment, ten patients were re-evaluated six months post-operatively.
Concurrent validity was assessed through correlation analysis with radiographic parameters
(Pelvic tilt; Sagittal vertical axis (SVA); Pelvic incidence minus lumbar lordosis (PI-LL);
Coronal vertical axis) and patient-reported scores (Oswestry Disability Index; Scoliosis
Research Society outcome questionnaire; Falls Efficacy Scale-International). Test-retest and
interrater reliability were tested on two groups of ten patients using intraclass correlation
coefficients (ICC).

Results: Patients with ASD, mainly with sagittal malalignment, scored worse compared to
controls on FASD (p<0.001) and its subscales. No significant improvement was observed six
months post-operatively (p=0.758). FASD correlated significantly to all patient-reported
scores and to SVA and PI-LL. Reliability between sessions (ICC=0.97) and raters
(ICC=0.93) was excellent. Subscales also showed good to excellent reliability, except FASD
1 on ‘spinal mobility and balance’ between sessions (ICC=0.71).

Conclusions: FASD proved to be a valid and reliable clinical scale for evaluation of
functional impairments in ASD. Objective information on function and balance might
ultimately guide physiotherapeutic treatment towards improved functioning.

Key words. Adult spinal deformity; Postural balance; Validation study; Reproducibility of
results; Function Assessment scale for Spinal Deformity

Level of Evidence: 2
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I ntroduction

Adult spinal deformity (ASD) is characterized by a three-dimensional malalignment of the
spine'. This might cause a shift in the gravity line position within the base of support, leading
to poor balance control® and increased risk of falling. Standard evaluation in ASD consists of
static radiographic imaging, to quantify spinal alignment during standing®, and patient-
reported outcome scores (PROMs) on disability and quality of life (QOL), to assess treatment
outcomes and the impact of ASD on daily life’. A clinical scale quantifying the functional
capacities and balance control of patients with ASD, which is lacking in the current
evaluation methods, could increase our insights on the impact of ASD on functional
deterioration, disability and increased fall risk.

In other pathologies affecting postural control, functional scales are widely accepted as
diagnostic and follow-up tools in clinical practice to guide physiotherapeutic treatment and
pre- and post-operative rehabilitation®. Recently, balance impairments in ASD were identified
using the Balance Evaluation Systems Test (BESTest) and Trunk Control Measurement Scale
(TCMS)’. Although their reliability in ASD has been established®, the time cost associated
with BESTest (27 items)®”, the strict focus of TCMS on trunk control during sitting'® and the
reported ceiling effects of these scales in the ASD population® make these scales less
appropriate to use in ASD clinical practice. Diebo et al.'' recently introduced the Dubousset
Functional Test (DFT), containing four items (‘Up and walking test’, ‘Steps test’, ‘Down and
sitting test” and ‘Dual tasking test’) to measure global function in ASD during activities of
daily living (ADL). However, no patient data, nor a validation of this scale is available yet'',
and the sole focus on gross motor skills might lead to a restricted profiling of the patient’s
functional abilities. The shortcomings of these existing scales stress the need for an ASD-
specific scale that combines balance and global function, applicable in clinical practice.
Reliable and valid information on function and balance could provide therapeutic cues for
functional impairments. Consequently, this information might contribute to the development
of evidence-based physiotherapy, including pre- and post-operative rehabilitation, which is
currently lacking within ASD'.

The aim of this study was to introduce and validate a novel ASD-specific clinical scale,
namely the Function Assessment scale for Spinal Deformity (FASD), as well as test its
reliability between sessions and raters.

M ethods
Participants

Seventy patients with ASD and twenty controls (age >18y) were included. The study was
approved by our institution’s ethical commission (file-number ‘S58082’) and all subjects
signed informed consent. Exclusion criteria for both groups were musculoskeletal lower limb
disorders or neurological conditions. Patients were included from the outpatient spinal clinic
in case of de novo degenerative scoliosis, progressive adolescent idiopathic scoliosis (AIS)
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into adulthood, hyperkyphosis or flat back deformity. Iatrogenic or post-traumatic deformity,
previous spinal fusion or inability to walk 50 meters independently led to exclusion.

To control for the deformity heterogeneity, patients were subdivided into three groups based
on sagittal alignment using the Scoliosis Research Society (SRS)-Schwab classification
(pelvic tilt (PT), sagittal vertical axis (SVA) and pelvic incidence minus lumbar lordosis (PI-
LL))*

1. ASD 1. Decompensated sagittal malalignment (SVA>4cm with PI-LL>10° and/or
PT>20°) + coronal deformity;

2. ASD 2: Compensated sagittal malalignment (SVA<4cm with PI-LL>10° and/or
PT>20°) + coronal deformity;

3. ASD 3. Coronal malalignment (Cobb angle >20°) and non-pathological sagittal
alignment (SVA<4cm with PI-LL<10° and PT<20°).

Thoracic kyphosis (TK), lumbar lordosis (LL) and coronal vertical axis (CVA) were also
measured.

Ten patients (ASD 1: 5, ASD 2: 3, ASD 3: 2) received spinal corrective surgery for
uncontrollable pain not responding to conservative care, decreased QOL and/or curve
progression. To test the FASD’s responsiveness to treatment, as well as the impact of
multilevel fusion on function and balance, they were remeasured six months post-operatively.
The upper instrumented vertebra varied from L2 to TS. The lower instrumented level was the
pelvis.

Scale development

Full details on scale development are described in Appendix A (see Supplementary text,
Supplemental Digital Content 1, FASD development, http://links.lww.com/BRS/B807).
Briefly, the FASD was developed based on BESTest’ and TCMS'’, selected through a
narrative literature review and discussions within a team of spinal surgeons, physiotherapists
and movement scientists. These scales were applied on seventy patients and twenty controls
to identify discriminative items. A further qualitative appraisal by the expert panel, in terms
of feasibility, safety and clinical relevance, led to further item reduction. Ultimately, one item
on step ascent/descent, missing in both scales, was added and a scoring option was added to
the sit-to-stand (STS) item of BESTest. Reaching distances or execution timings were
adjusted (items 5,7,8,9,12&14) using a combination of receiver-operating characteristic
(ROC) curves' and distribution histograms. Item scoring was based on BESTest and TCMS,
with some modifications. Specifically, TCMS items, consisting of multiple sub-questions
with separate ordinal scales, were combined into one ordinal scale each (items 1,2&3). The
resulting FASD contains 14 items and three subscales: FASD 1 - spinal mobility and balance
(3 items); FASD 2 - stability limits and sensory integration (5 items); FASD 3 — ADL and
stability in gait (6 items). The maximum score is 56 with higher scores indicating better
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performance. The FASD can be found in Appendix B (see Supplementary text, Supplemental
Digital Content 2, FASD, http://links.lww.com/BRS/B808).

FASD data collection

Twelve items were scored using BESTest/TCMS data. Items on step ascent/descent and STS
were scored using videos, obtained during a motion analysis study which was also part of the
larger ASD research project within our institution. 43/70 patients (ASD 1: 16; ASD 2: 14;
ASD 3: 13) and 19/20 controls completed both the balance assessment (BESTest/TCMS) and
motion analysis (step ascent/descent and STS), and were included to obtain full FASD data.
(Figure 1)

Validity & reliability
Discriminative ability and responsiveness to treatment

FASD performance was compared between patients and controls, between deformity
subgroups and between pre- and post-operative conditions.

Concurrent validity

Relationships within the patient group (n=43) were investigated between FASD and the ASD
standard evaluation, i.e. radiography and PROMs. Radiographic parameters of interest were
PT, SVA, PI-LL and CVA. Following PROMs were used: SRS outcome questionnaire (SRS-
22r)", Oswestry Disability Index (ODI)" and Falls Efficacy Scale-International (FES-I)'°.
Relations between radiography and PROMs were also investigated.

Reliability analysis

FASD’s test-retest reliability was assessed on ten subjects using BESTest/TCMS data,
measured twice by the same rater. For step ascent/descent and STS, videos from repeated
motion analyses were used (see 2.3). Repeated measurements occurred within two weeks to
avoid alterations in clinical presentation, however never on the same day to avoid learning
effects or investigator bias. Since the same rater performed both assessments, the resulting
data represents a mixture of intrarater and test-retest reliability"”. Interrater reliability was
assessed on ten different patients. Three raters scored simultaneously but independently,
while the instructions were provided by the same rater. Videos on step ascent/descent and
STS were rated separately. (Figure 1)

Statistical analysis

Due to non-normality of a large part of the data, verified by the Shapiro-Wilk test, all
statistical analyses were carried out using nonparametric methods. Differences in FASD
performance, demographics, radiographic parameters and PROMs between patients and
controls, as well as between controls and pre- and post-operative conditions, were assessed
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with an independent Mann-Whitney U test. Differences between deformity subgroups were
analyzed using a Kruskal-Wallis test with post-hoc Bonferroni correction for multiple testing.
Pre- to post-operative changes were evaluated using a related Wilcoxon signed rank test.
Concurrent validity was analyzed through Spearman rank correlation coefficients (rs).

Reliability between sessions and raters on scale- and subscale-level was determined by
intraclass correlation coefficients (ICC) with a two-way random effects model for absolute
agreement for single measurement (ICC(2,1)) (<0.50: poor; 0.50-0.75: moderate; 0.75-0.90:
good; >0.90 excellent'®). The standard error of measurement (SEM) and smallest detectable
difference (SDD) were calculated according to following formulas: SEM=SDxV(1-ICC) and
SDD=SEMx1.96V2."* Cronbach’s alpha was used to define internal consistency (>0.70:
strong)"’. Reliability of items was assessed through free-marginal multi-rater kappa, allowing
unrestricted distribution of cases into categories'™'® (<0.41: poor; 0.41-0.60: moderate; 0.61-
0.80: good; >0.81: excellent'’). Percentages of agreement, as well as 95% confidence
intervals (CI) for ICC and kappa scores were calculated. Bland-Altman plots were used to
determine systematic bias between sessions and raters®.

The significance level was set at p<0.05. Statistics were performed through SPSS 26 (IBM
Corp. Armonk, NY, USA) and Randolph’s online kappa calculator'’.

Results
Participants

The ASD group for FASD analysis, did not differ from controls on demographics, except for
height. The ASD group, as well as all deformity subgroups, scored significantly worse on
PROMs, except for ASD 3 on FES-I. Post-operatively, SRS-22r significantly improved, in
contrast with ODI and FES-I. (Table 1)

Discriminative ability and responsiveness to treatment

FASD differed significantly between patients and controls (ASD: 45; Control: 52; p<0.001),
as did all subscales. The FASD total (p<0.001) and subscale scores (FASD 1: p<0.001;
FASD 2: p=0.006; FASD 3: p<0.001) discriminated between subgroups (i.e. ASD 1 vs
controls; ASD 2 vs controls; ASD 1 vs ASD 3). (Table 2)

Surgical patients scored, both pre- and post-operatively, worse on FASD (Pre: 38.5; Post:
34.5; Control: 52; p<0.001) and all subscales compared to controls. Performance on FASD 1
decreased post-operatively (Pre: 10.0; Post: 8.0; p=0.020). (Table 2)

Concurrent validity

Total FASD correlated significantly with all PROMs, as well as with SVA and PI-LL. FASD
1 only showed significant correlations with SVA and FES-I. FASD 2 and 3 significantly
correlated with all PROMS and radiographic parameters, except for PT. (Table 3)
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Reliability analysis

Total FASD showed excellent reliability between sessions (ICC=0.97, p<0.001) and raters
(ICC=0.93, p<0.001), as did all subscales, except for FASD 1 between sessions (ICC=0.71;
p=0.012). SEM’s and SDD’s were low for FASD (Test-retest: SEM=1.15, SDD=3.18;
Interrater: SEM=1.00, SDD=2.76) and its subscales. Strong internal consistency was
observed for FASD (0.90), FASD 2 (0.84) and FASD 3 (0.82). (Table 4)

On item-level, moderate to excellent kappa scores between sessions were found for all items,
except for “5b. Standing on foam—eyes closed” (k=0.20, 40% agreement) and “7a. One leg
stance—Left” (xk=0.33, 50% agreement). Interrater reliability on item-level was good to
excellent. (Table 5)

Bland-Altman plots revealed no systematic bias between sessions or raters. (Figure 2)
Discussion

This study introduced the FASD and proved its valid and reliable use in the ASD population.
This novel scale on balance and general function could improve our insights on the impact of
ASD on daily functioning.

Discriminative ability of the FASD and its subscales was established through the observed
significant differences between patients and controls. Subgroup analysis showed that only
sagittally deformed patients (ASD 1&2) differed from controls, in contrast with scoliosis
patients with non-pathological sagittal alignment (ASD 3). These results suggest that sagittal
malalignment and its compensations are associated with decreased function and balance,
complementing their previously established association with pain and disability”'.
Responsiveness to treatment was assessed by remeasuring ten patients six months after spinal
corrective surgery. However, since no significant differences were found post-operatively,
responsiveness to treatment of the FASD could not be established. Only FASD 1 showed
decreased post-operative performance, possibly due to decreased spinal mobility after fusion.
These findings are in line with Laratta et al., reporting no significant improvement on the
Berg Balance Scale six months after spinal fusion®”. Also, the fact that surgical patients
showed no significant improvements on the functional PROMs (ODI and FES-I), supports
the assumption that functional abilities remained indeed decreased after surgical deformity
correction. Moreover, the minimal clinical important difference (MCID) of 10.1 on ODI*
was not reached post-operatively. Therefore, this lack of post-operative functional
improvement cannot be attributed entirely to a decreased responsiveness to treatment of the
FASD. Given the clinical importance of persisting functional impairments from pre- to post-
operatively, the impact of multilevel fusion on function and balance should be further
investigated in larger surgical samples.

Due to the relative novelty of functional assessment in ASD, defining FASD’s concurrent
validity is challenging. Radiographic analysis and PROMs form the cornerstone of clinical
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decision-making, and were therefore correlated to FASD. Interestingly, FASD related more
to PROMs than radiographic parameters. This corresponds to previous findings on BESTest
in ASD, which showed to be a better predictor of QOL than radiographic parameters’, and
supports the current shift within ASD from static alignment measurement towards a more
comprehensive assessment, including dynamic function®. Significant correlations with FES-I
and ODI suggest that FASD measures aspects of function relevant to the patient’s own beliefs
of his/her balance, safety and disability. In accordance, previous literature showed that the
BESTest’ significantly correlated with the Activities-specific Balance Confidence Scale,
which similarly to the FES-I measures a person’s confidence to keep balance during ADL.

Reliability between sessions and raters showed to be good to excellent for total score and
subscales, except for FASD 1 between sessions. This is in line with the original reliability of
TCMS in cerebral palsy'® and BESTest in a heterogencous population with and without
balance disorders’. The FASD’s reliability showed to be better or equal to that of TCMS and
BESTest in ASDS, with higher or comparable ICC’s (Test-retest: ICCpasp=0.97,
ICCgEsTest=0.90, ICCTcMms=0.88; Interrater: ICCrasp=0.93, ICCggstest=0.94, ICCTCMSZO.76)
and smaller SEM’s (Test-retest: SEMpasp=1.15, SEMpgsrest=2.19, SEMr1cms=1.66; Interrater:
SEMEgasp=1.00, SEMggstes=2.32, SEMTCMS=2.35) and SDD’s (Test-retest: SDDgasp=3.18,
SDDgEgstest=8.30, SDDt1cms=4.61; Interrater: SDDgasp=2.76, SDDgEgsTes=6.43,
SDD1ems=6.52)%. The lower test-retest reliability of FASD 1 (ICC=0.71) was still higher
compared to that of TCMS’ ‘dynamic reaching’ subscale in ASD (ICC=0.27), on which
FASD 1 was based®. This suggests that pooling the subquestions of the selected TCMS items
into three FASD items, with one ordinal scale each (item 1,2&3), improved reliability. Small
differences in sitting position could have decreased these item’s reliability between sessions",
since the zero position depends on the subject’s most upright position, possibly influenced by
fatigue®. Challenging items, such as standing on a foam with eyes closed (item 5b) and one
leg stance (item 7), showed decreased reliability between sessions, but not between raters,
suggesting greater influence of day-to-day performance. Besides improved reliability, also
the reported ceiling effects of BESTest and TCMS in ASD’® were addressed by FASD,
illustrated in Appendix C (see Supplementary text, Supplemental Digital Content 3,
histograms on data distribution of  FASD, BESTest and TCMS,
http://links.lww.com/BRS/B809). FASD showed an increased variability in total scores and a
significantly decreased mean score compared to TCMS and BESTest.

Limitations

A first limitation is the small sample size of the surgical group. Future studies on larger
samples are needed to prove FASD’s ability to guide (physiotherapeutic) treatment. Second,
balance scales are vulnerable to the assessor’s subjective interpretation. However, good to
excellent interrater reliability and its simplicity, in terms of material and time cost, make
FASD clinically more interesting to measure function than advanced tools, such as motion
analysis. Third, despite the small sample and the use of retrospective data, reliability showed
to be comparable to other functional scales. Fourth, this study did not control for the presence
of spinal stenosis, which might impact functional performance®®. Finally, free-marginal
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kappa, used to assess reliability on item-level, does not take the size of the rating difference
into account. Consequently, one- and two-point differences between raters or sessions
resulted in the same reliability scores. However, on an ordinal scale, one-point differences
can be considered to be less incorrect.

Future research perspectives

Although this study showed the reliability and validity of the FASD to measure function and
balance, the underlying mechanisms of functional impairment in patients with ASD remain
unclear. Poor to moderate correlations between FASD and radiographic parameters, as well
as impaired FASD performance after surgical deformity correction, indicate that the skeletal
deformity only partly explains functional impairment. Consequently, future research is
required to further reveal the underlying mechanisms of decreased FASD performance. As
observed in related pathologies, such as AIS*"** and LBP?, further research should explore
proprioceptive disorders. Function and balance assessment, combined with measurements of
central and peripheral proprioceptive signal processing®*"', could increase our insights on the
complex interaction between ASD and postural control. Previous research in ASD on muscle
structures reported decreased trunk®® and lower limb® strength, sarcopenia® and increased
fatty infiltration in spinopelvic muscles®. These findings on muscle structures should be
linked to functional FASD performance. Eventually, these insights could result in treatments
targeting the measured functional impairments to improve the patient’s daily functioning.

Conclusions

This study introduced the FASD, a novel scale to measure function and balance in the ASD
population. The FASD showed to be reliable between sessions and raters. Its discriminative
ability and its relation to radiographic parameters and PROMs support the validity of the
FASD to be used in the ASD population. Future research should investigate the causes of
balance impairments in ASD, ultimately leading to treatments directly targeting these
impairments.
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Key points

e The Function Assessment scale for Spinal Deformity, as well as its subscales, showed
to be reliable between sessions and raters.

e (Good discriminative ability and significant correlations with radiographic parameters
and patient-reported disability, risk of falling and quality of life, support the validity
of the scale in the adult spinal deformity population.

e Sagittal malalignment relates more to decreased function and balance compared to
purely coronal malalignment.

e Six months after surgical correction of the deformity, performance on the Function
Assessment scale for Spinal Deformity was not significantly improved.
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Figure 1. Overview of the data collection. ASD: Adult Spinal Deformity; BESTest: Balance
Evaluation Systems Test; TCMS: Trunk Control Measurement; FASD: Function Assessment
scale for Spinal Deformity; STS: Sit-to-stand.
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Figure 2. Bland-Altman plotsfor test-retest and interrater reliability of FASD.

On the horizontal axis the mean FASD score between sessions/raters is displayed. On the
vertical axis the difference in scores between sessions/raters is plotted. The solid thin line
represents the zero axis. The bold black line represents the mean difference. The dotted lines
indicate the limits of agreement (1.96 x standard deviation). MD = Mean difference +
standard deviation; FASD: Function Assessment scale for Spinal Deformity

Test-retest Interrater

Rater 1 vs Rater 2 Rater 2 vs Rater 3 Rater 1 vs Rater 3

Difference in FASD scores

MD =-0.30 £ 1.64

mx =Ty =00 = am o
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Table 1. Sample size, demogr aphics, radiogr aphic parameter s and patient-reported
outcome scores (PROM S) of FASD subgroup.

A. Control vs B. Pre-vs

-value
ASD post-op P
Post
ASD
Control 5 Pre-op Post-op Pre Prevs VS
total p-
value v
(n=19) (n=10) (n=10) Post Control Contr
(n=43)
ol
A. Demographics
65.0 61.0 0.18
A . 4.2 (8. 4.2 (6. . 982
ge (year) (15.0) (14.0) 0.708 64.2(8.0) 64.2(6.5) 0 0.839  0.98
Height 168.0 161.0 161.0 161.3 0.18
) L .014
(cm) (8.5) (9.0) 0.022 (10.8) (10.4) 0 U
Weight 66.4 63.4 60.3 58.5 0.65
0.737 0.542 0.456
(kg) (15.0) (14.4) (22.8) (22.7) 5
BMI 24.2 0.65
23734 0.303 23.7 (7. 23.7 (7. 0.875 0.875
(kg/mz) 7(3.4) (5.2) 3.7(7.9) 7(7.9) 5 7 7
1.
Gender 13F/6M  36F/TM 0.178 SE2M  8F2M 00 0789 0789
(F/M) 0
B. Radiographic
parameters
o 20.7 19.7 17.4 17.5 0.95
PT () (12.6) (12.4) 0.954 (18.6) (19.3) 9 0.573 0.330
28.2 <0.00 40.0 24.0 0.09
SVA (mm) 5.7 (25.4) (48.1) 1 (125.5) (56.1) ) 0.001 0.126
-2.6 8.4 12.8 -2.35 0.00
PI-LL (° . . .701
©) (13.3) (23.3) 0.022 (31.4) (25.7) 7 0.007 0.70
Coronal 16D/23L. <0.00 3D/5L/2 <0.0
1 <0. 1.
(D/T/L/N) L /AN 1 N ON 01 0.001 000
o 45.7 439 355 0.01
TK (°) (13.8) 22.7) 0.234 (29.1) 51.3(25.1) y 0.019 0.604
57.0 41.1 24.6 0.00
° . . . <0. .
LL (°) (18.4) (32.3) 0.001 (24.2) 48.8 (14.5) . 0.001 0.016
17.6 25.1 0.28
A 3 (13. ) 15.6 (28. ) )
CVA (mm) 8.3 (13.6) (19.9) 0.003 (47.6) 5.6 (28.5) 5 0.003 0.027
C. PROMs
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RS-22 (1- <0.
SRS-22( 4.6(04)  3.3(1.0) 0.00 2.6(1.2)
5) 1
320 <000  47.0
DI (° 0(6.
ODI (%) 0.0(6.0) (24.2) 1 (31.0)
FES-I (16- 245 31.0
17.0 (3. .
64) 7.0(3.0) (17.0) 0.001 (24.0)
C. Between group analysis
Control ASD 1 ASD 2 ASD 3 0-
m=19) (@=16) @=14) (@=13) ‘A€
A
Demographics
?gezr 650 642 61.5 590 ase
)y (15.0) (145) (11.8)  (16.0) ~
Etelg 168.0 1603 1628 1605 o o
8.5 8.0 11.3 12.8 '
(cm) (8.5) (8.0) (11.3) (12.8)
Xe‘g 66.4 63.8 64.7 596 os3
15.0 10.7 19.0 177y
(ke) (15.0)  (10.7) (19.0) (17.7)
BMI
g 27 243 23.4 240 4o
; G4 (6.0 (6.2) @.6)
m”)
Gend
er 14F/2
FM I3E/6M " © 10FAM 12F/IM - 0.289
)
B.
Radiographic
parameters
PT 20.7 23.7 25.5 17.2
©) (12.6)  (173)  (10.6) (5.7) 0.012
SVA 57 81.1 17.4 16.1  <0.0
(mm (254) (658) (288) (114) 01

3506 9O gy <00
8 1
369 005 <0.00
<0.
273 g o001
250 0.09 <0.00
(as0) o 0002

Post-hoc differences between
groups

C C C 1 1 2

Vs Vs Vs Vs

0.0
06

<0.
001

0.0 <0.0
01 01
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PI-

L 26 16.4 14.1 33 <00 0.0 002 0.00 0.0
. (13.3)  (29.0)  (13.8) 66) 01 17 4 4 06
Coro
nal 4D/10  6D/6L/2 <00 <0. <0.0
(/T 19N 6D/7L ' -
1 001 Ol

LN LAN N 0
)
TK 457 442 43.0 B35 o0
©) (13.8)  (22.00 (32.7)  (193)
LL 570 297 373 573 <00 <0. 0.01 0.00
©) (184) (212) (33.1) (11.1) 0L 00l 1 3
(Cr;/n‘:‘ 83 19.4 16.9 138 oog 00
) (13.6)  (30.0) (21.6)  (163) = 08
C. PROMs
SRS-

46 2.9 <00 <0. <0.0

11, 5(0.4

22 04)  (1.3) 3LA3) 3504 51 o1 o
(1-5)
ODI 0.0 32.7 27.0 300 <00 <0. 0.00
%)  (60) (35.1) (27.0)  (19.0) 01 001 1
FES-
I 170 275 27.0 220 5y 00 002
(16-  (3.0) (21.0) (185 — (9.0) = 07 5
64)

Medians and interquartile ranges are reported; Significance level: p < 0.05.

FASD: Function Assessment scale for Spinal Deformity; ASD 1: Decompensated sagittal
malalignment group; ASD 2: Compensated sagittal malalignment group; ASD 3: Coronal
malalignment group with non-pathological sagittal alignment; BMI: Body Mass Index; F:
Female; M: Male; PT: Pelvic tilt; SVA: Sagittal vertical axis; PI: Pelvic incidence; LL:

Lumbar lordosis; Coronal: SRS-Schwab Coronal classification; D: Double; T: Thoracic; L:
Lumbar; N: No major coronal deformity; TK: Thoracic kyphosis; CVA: Coronal vertical
axis; PROMs: Patient-reported outcome scores; SRS-22: Scoliosis Research Society
Outcomes Questionnaire; ODI: Oswestry Disability Index; FES-I: Fall efficacy scale.
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Table 2. Between group differences on the Function Assessment scale for Spinal

Deformity (FASD)

A. Controlsvs ASD B. Pre-vs p-value
post-op
Control ?i? Pre-op Post-op Pre Prevs Postvs
ot p-value S
(n=19) (n=43) (n=10) (n=10) Post Control Control
FASD 45.0
.0 (5. <0. : : S (8. . <0. <0.
total 52.0 (5.0) (12.0) 0.001 38.5(10.3) 34.5(8.5) 0.758 <0.001 0.001
f‘ FASD 13.0 (2.0) (13160) <0.001 10.0(3.3) 8.0(4.5 0.020 0.001 <0.001
2B FASD 18.0 (4.0) (1876()) 0.044 |13.5(7.3) 13.5(4.5) 0.354 0.002 0.001
FASD 17.
g 5 20.0 (2.0) (4700) <0.001 15.0(3.5) 14.0(2.3) 0.766 <0.001 <0.001
A. Between group analyéis Post-hoc differences between groups
Control ASD1 ASD2 ASD3 o- cvsl1Vsl1vsl2 Vs
ValueCVSlCVSZ 3 ) 3 3
(n=19) (n=16) (n=14) (n=13)
52.0 39.0 424 490
<0.001/<0. : :
FASD total 5.0) (165 (118) (4.0) 0.001<0.001{ 0.027 0.020
13.0 12.0 120
A FASD 1 10.0 (2.0 <0.001<0.001
5 (2.0) 2.0) (3.3) (3.0 0.00
18.0 14.0 145 19.0
B FASD 2 . .022 .02
5 4.0)  (11.3) (7.3) (3.0) 0.006 0.0 0.026
20.0 18.0 19.0
S (4. <0.001/<0. : :
C FASD3 (2.0) 14.5 (4.8) @0) (.5 0.001<0.001{ 0.039 0.009

Medians (and interquartile ranges) are reported. Significance level: p < 0.05.

FASD 1: Spinal mobility and balance; FASD 2: Stability limits and sensory integration;
FASD 3: ADL and stability in gait; Significance level: p<0.05. C: Control; 1: ASD 1; 2: ASD
2;3: ASD 3.
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Table 3. Concurrent validity by correlation analysis between FASD, radiographic parameters
and HRQOL

A. FASD vs PT SVA PILL CVA

Rx T T :

Iy p Ig p I p I p
FASD 0.17 0'58 . 060 <0001 : -042 0005 . 030 0051
Subscales: :
0.73 :

) FAISD 0.05 57 . -038 0012 | -013 0391 i 015 0923

) FAst -0.29 0';)6 . 052 <0001 | -046 0002 | -032 0038

) FA38D 016 U001 064 <0001 ;037 0016 : 045 0002
B. FASD vs SRS-22r ODI FES-I

HRQOL Iy P Iy P Iy P
FASD 042 0.005 0.58 <0.001 059 <0001
Subscales:

) FAISD 021 0.167 -025 0053 | -037 0018

| s 0019 -050 <0001 | 052 0001

|OEP s 0012 058 <0001 : 044 0004
C. Rxvs SRS-22r ODI FES-I

HRQOL Iy P Iy p Iy P
PT 0.07 0.638 20.07 0.338 0.13 0.419
SVA 0.1 0.478 021 0.090 0.26 0.100
PI-LL 021 0.177 022 0.081 028 0.085
CVA 025 0.111 028 0.073 021 0.187

Spearman correlation coefficients are reported. Significance level: p < 0.05.

FASD: Function Assessment scale for Spinal Deformity; FASD 1: Spinal mobility and balance;
FASD 2: Stability limits and sensory integration; FASD 3: Activities of daily living (ADL) and
stability in gait; PT: Pelvic tilt; SVA: Sagittal vertical axis; PI-LL: Pelvic incidence minus Lumbar
lordosis: CVA: Coronal Vertical Axis; SRS-22r: Scoliosis Research Society outcome questionnaire;
ODI: Oswestry Disability Index; FES-I: Fall efficacy scale. r;: Spearman correlation coefficient; p:
p-value.
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Table 4. Measuresfor test-retest and interrater reliability and internal consistency of
FASD

Internal
consisten  Test-retest (n = 10) Interrater (n =10)
cy
Cronbach" p- 95% SE SD: p- o SE SD
sa i vaue CI M D ;ICC value &y M D
0.88- 0.81-
FASD (0-56) 0.90 0.97<0.001 1.153.180.93<0.001 1.002.76
0.99 0.98
A. Spinal mobility and 0.12- 0.77-
: 0.71 0. .752.080.91<0. 571,
balance (0-14) 0.68 507 0012 /oo 0.75 08;09 0.001 o 0.571.57
B. Stability limits and ; 0.56 0.81
sensory integration (0- 0.84 0.87<0.001 ~~ _ 1.193.310.93<0.001 0.511.42
: 0.97 ; 0.98
21) ; ;
C. ADL and stability in 0.78- 0.94-
82 0.94<0. .601.660.98<0. 381.
gait (0-21) 0.8 ;09 0.001 o 0.60 662098 0.001 "/, 0.381.06

FASD: Function Assessment scale for Spinal Deformity; ADL: Activities of daily living;
CI: Confidence interval; SEM: Standard error of measurement; SDD: Smallest detectable
difference; Significance level: p < 0.05
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Tableb. Test-retest and interrater reliability of FASD on item-level

Test-retest (n = 10) Interrater (n = 10)
Free Free
marginal marginal ~ 95%
K 95% CI % K CI %
A. Spinal mobility and balance !
5 0.20- 0.47-
1. a. Side bending — Left . 0.60 .00 70 ¢ 0.73 1.00 80
0.20- 0.47-
b. Side bending — Right . 0.60 .00 70 : 073 1.00 80
0.10-
2. a. Side reaching — Left 055 1.00 70 . 1.00 1.00 100
0.70-
b. Side reaching — Right - 1.00 1.00 100 0.90 .00 93.33
3. a. Cross reaching / spinal 0.31- 0.70-
rotation — Left - 0.80 1.00 80 : 0.90 1.00 9333
b. Cross reaching / spinal -0.24- 0.54-
rotation — Right 025 0.74 50 i 0.80 1.00  86.67
B. Stability limitsand sensory
integration _
5 0.38- 0.74-
4. Toe rise 073 .00 80 i 091 .00 93.33
5. a. Standing on foam — eyes 0.74-
open . 1.00 1.00 100 : 091 1.00  93.33
b. Standing on foam — eyes -0.23- 0.74-
closed 020 0.63 40 : 091 1.00  93.33
0.20- 0.47-
6. Forward reactive response 0.60 1.00 70 0.73 1.00 80
-0.10- 0.36-
7. a.One leg stance — Left 033 0.77 50 : 0.64 0.93 73.33
0.04-
b. One leg stance — Right 047 0.89 60 i 1.00 1.00 100
0.04- 0.74-
8. Forward reaching 047 0.89 60 : 0091 1.00  93.33
C. ADL and stability in gait |
9. Sit on floor and stand up 060 gh. 70 100 100 100
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1.00

; 0.38- :
10. Sit-to-stand (chair) . 0.73 1.00 80 i 1.00 1.00 100
0.61-
11. a. Step ascent 087 .00 90 i 1.00 1.00 100
0.61- 0.59-
b. Step descent - 0.87 1.0 90 © 0.82 1.00  86.67
0.38-
12. Overground walking 073 .00 80 : 1.00 1.00 100
0.20- 0.74-
13. Walking with head turns . 0.60 1.00 70 i < 0.91 1.00 93.33
0.61- 0.74-
14. TUG-test 087 .00 90 : 091 1.00  93.33

FASD: Function Assessment scale for Spinal Deformity; ADL: Activities of daily living;
TUG-test: Timed Get-Up-and-Go-Test; K: Kappa; CI: Confidence interval; %: Percentage of
agreement.
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Appendix — validity and reliability of FASD

Appendix A. Development of the Function Assessment scale for Spinal Deformity (FASD)
A.1 Narrative literature review on function and balance assessment scales
A.2 Selection of function and balance assessment scales
A.3 Data collection on selected scales in ASD and control sample
A.4 Item selection and adjustments based on collected data and expert opinion

A.5 Function Assessment scale for Spinal Deformity — finalization

A.1 Narrative literature review on function and balance assessment scales

First, a narrative literature review of function and balance scales (published before January 2016) was
performed, using the ‘Pubmed’ database (search terms: ‘balance scale’, ‘balance assessment’,
‘dynamic balance’, ‘function scale’, ‘functional evaluation’, ‘physiotherapy’). This resulted in the
identification of eight scales to measure balance and function, namely the Berg Balance scale (BBS)[1],
the Trunk Impairment scale (TIS)[2], the Trunk Control Measurement Scale (TCMS)[3], the Physical
Performance Test (PPT)[4], the Fullerton Advanced Balance Scale (FAB)[5] and the Balance Evaluation

Systems Test (BESTest)[6], as well as its shorter versions, the Mini BESTest[7] and the Brief BESTest[8].

A.2 Selection of function and balance assessment scales

To decide which scales could potentially form the base of the new ASD-specific scale, first all subscales
and items of the eight selected scales were screened and compared by two physiotherapists (PS and

TD). Based on this screening the scales were categorized according to their scope.

Table Al. Scope of the selected function and balance assessment scales.

Gross motor function Trunk control and balance Gross and fine motor
and balance during sitting function
BBS (13 items; 0-56) TIS (17 items; 0-23) PPT (9 items; 0-36)
FAB (10 items; 0-40) TCMS (15 items; 0-58)

BESTest (27 items; 0-100%)
Mini BESTest (14; 0-28)
Brief BESTest (6 items; 0-24)
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After this first screening, the PPT was eliminated from the selection because of its partial focus on fine
motor function of the upper body (such as writing and eating) and its limited amount of items on gross

motor function and balance[4].

The remaining scales for potential use in ASD were further studied and discussed by a team of experts
within our institute in the field of ASD, including two surgeons, three physiotherapists and two

movement scientists.

The TIS and TCMS were particularly of interest to apply in ASD because of their focus on the trunk.
Both scales were developed to assess trunk control during sitting in neurological disorders, more
specifically for patients after stroke (TIS)[2] and children with cerebral palsy (TCMS)[3]. A thorough
investigation of both scales showed that the TCMS was more appropriate to use in ASD for two
reasons. First, the TCMS evaluates three-planar motions within and beyond the base of support[3], in
contrast with the TIS evaluating only biplanar motions within the base of support[2]. However, ASD is
characterized by a three-dimensional deformity of the spine and therefore information on trunk
control in all three planes seems warranted. Second, foot support is not allowed in the TCMS, which
limits lower limb compensations[3], in contrast with the TIS, in which patients are tested while sitting
with the feet supported([2]. These lower limb compensations during sitting might lead to ceiling effects

in patients with ASD, and therefore the TCMS was chosen over the TIS.

The BBS and FAB showed a marked overlap with the BESTest. Respectively, 8 out of 14 for BBS and 8
out of 10 items for FAB were similar to items of the BESTest[1,5]. Three items of the BBS showed also
similarity to the TCMS. (Table A2) In addition, one of the items of the FAB, namely ‘two footed jump’,
is contraindicated in patients with osteoporosis, which is known to be highly prevalent in elderly with
ASDI[9]. For these reasons, the BBS and FAB were not retained. The Mini BESTest and Brief BESTest are
directly derived from the BESTest, and consequently all items of these two scales are incorporated in
the original BESTest[6—8]. Therefore, it was decided to select the BESTest, because of its extensiveness,
covering a large spectrum of function and balance, and its possibility to identify balance disorders
within different balance systems (biomechanical constraints, stability limits/verticality, anticipatory

postural adjustments, postural responses, sensory orientation and stability in gait)[6].
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Table A2. Overlap between BBS/FAB and BESTest/TCMS

Berg Balance Scale (BBS) Overlap with | Fullerton Advanced Balance Overlap with
scale (FAB)
1. Sitting to standing BESTest 1. Stand with feet together BESTest
and eyes closed
2. Standing unsupported BESTest 2. Reach forward BESTest
3. Sitting unsupported TCMS 3. Turn 360 degrees BESTest
4. Standing to sitting 4. Step up onto and over a BESTest
bench
5. Transfers (sit) 5. Tandem walk
6. Standing with eyes closed BESTest 6. Standononeleg BESTest
7. Standing with feet BESTest 7. Stand on foam with eyes BESTest
together closed
8. Reaching forward with BESTest/TCMS | 8. Two-footed jump
outstretched arm
9. Retrieving object from 9. Walk with head turns BESTest
floor
10. Turning to look behind TCMS 10. Reactive postural response BESTest
11. Turning 360 degrees BESTest
12. Placing alternate foot on BESTest
stool
13. Standing with one foot in
front
14. Standing on one foot BESTest

In conclusion, the BESTest[6] and the TCMS[3] were selected to apply on subjects with ASD and

consequently form the base for an ASD-specific function and balance assessment scale.

A.3 Data collection on selected scales in ASD and control sample

A.3.1 Participants

Seventy patients with ASD were included an compared to a group of 20 healthy controls. (Table A3)

Inclusion and exclusion criteria can be found in the paper manuscript.

The patient group was subdivided into three groups with different sagittal spinal alignment, according

to the SRS-Schwab Classification:

1. ASD 1 (n=29): Decompensated sagittal malalignment (SVA>4cm with PI-LL>10° and/or PT>20°)
1 coronal deformity;

2. ASD 2 (n=24): Compensated sagittal malalignhment (SVA<4cm with PI-LL>10° and/or PT>20°) +
coronal deformity;

3. ASD 3 (n=17): Scoliosis (Cobb angle of 220°) and non-pathological sagittal alignment (SVA<4cm
with PI-LL<10° and PT<20°).
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Table A3. Demographics, radiographic parameters, PROMS of total group
for FASD development

Control ASD

(n=20) (n=70) p-value
A. Demographics
Age (year) 64.5 (15) 64.0 (14.0) 0.617
Height (cm) 167.5(7.8) 160.5 (10.4) 0.006
Weight (kg) 66.9 (14.1) 65.0 (13.8) 0.965
BMI (kg/m?) 23.9(3.4) 25.2 (5.7) 0.051
Gender (F/M) 14/6 60/10 0.107
B. Radiographic parameters
PT (%) 19.5(11.9) 21.9 (14.2) 0.262
SVA (mm) 6.05 (25.0) 34.1(50.2) <0.001
Pl minus LL (°) -2.7 (13.0) 13.4(27.4) 0.001
Coronal (D/T/L/N) 23D/39L/8N 20N <0.001
TK (%) 45.7 (13.8)  41.0(24.7) 0.022
LL (%) 57.0(18.4)  41.7(30.7) <0.001
C. Patient-reported outcome scores
SRS-22r (1-5) 4.6 (0.4) 3.2 (1.0) <0.001
ODI (%) 0.0 (5.9) 32.7 (30.5) <0.001

Medians and interquartile ranges are reported; Significance level: p < 0.05.
FASD: Function Assessment scale for Spinal Deformity; BMI: Body Mass Index;
F: Female; M: Male; PT: Pelvic tilt; SVA: Sagittal vertical axis; Pl: Pelvic
incidence; LL: Lumbar lordosis; Coronal: SRS-Schwab Coronal classification; D:
Double; T: Thoracic; L: Lumbar; N: No Major Coronal Deformity; TK: Thoracic
kyphosis; SRS-22: Scoliosis Research Society Outcomes Questionnaire; ODI:
Oswestry Disability Index.

A.3.2 Data collection and processing

All subjects were evaluated on both the TCMS and the BESTest. All assessments were performed by
the same physiotherapist (PS). To identify which items had the ability to discriminate between patients
with ASD and controls a Mann-Whitney U test was performed. Subgroups with different deformity
types within the patient group were compared using a Friedman test. All statistical analyses were

performed with SPSS 26 (IBM Corp. Armonk, NY, USA) and significance level was set at p<0.05.
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A.3.3 Discriminant ability of items of TCMS and BESTest

Table A4. Discriminant ability of TCMS items between ASD and controls and between ASD subgroups.

TCMS ASD vs Control Between groups

A. Static sitting balance
1. Upright sitting
2. Lift both arms
3. Legs crossed by therapist
4
5

>

. Legs crossed by patient
. Leg abduction X X

B. Selective movement control (sitting)
6. Forward lean X
7. Backward lean
8. Lateral lean (sidebending)
9. Pelvic lift
10. Upper trunk rotation
11. Lower trunk rotation
12. Forward and backward pelvic shuffle

X X X X X

C. Dynamic reaching (sitting)
13. Forward reaching
14. Lateral reach X X
15. Lateral cross-over reach X

Significant differences between groups are indicated with an X. Significance level: p < 0.05.

Table A5. Discriminant ability of BESTest items between ASD and controls and between ASD subgroups.

BESTest ASD vs Control Between groups

A. Biomechanical constraints
1. Base of support
2. COM alignment X X
3. Ankle strength and range of motion X X
4. Hip/trunk lateral strength (standing) X X
5. Sit on floor and stand up X

B. Stability limits/Verticality
6. Lateral lean during sitting and verticality X
7. Functional lean forward (standing reach) X
8. Functional lean lateral (standing reach) X

C. Transitions-Anticipatory postural

adjustments

9. Sit to stand
10. Rise to toes X
11. Stand on one leg X X
12. Alternate stair touching
13. Standing arm raise X
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D. Reactive postural responses
14. In place response — forward X
15. In place response — backward
16. Compensatory stepping correction — forward
17. Compensatory stepping correction — backward X
18. Compensatory stepping correction — lateral X

E. Sensory orientation
19. Sensory integration X X
(firm surface — foam / eyes open — eyes closed)
20. Incline standing - eyes closed X X

F. Stability in gait

21. Walk on level surface

22. Change in gait speed

23. Walk with head turns

24. Walk with pivot turns

25. Step over obstacle

26. Timed “get up and go” test
27. Timed “get up and go” test with dual task X

X X X X X X
x X

Significant differences between groups are indicated with an X. Significance level: p < 0.05.

A.4 Item selection based on collected data and expert opinion

The analysis of the discriminant ability of the individual items of both scales served as a first guideline
for in- or exclusion of an item in the ASD-specific balance scale. The results (Table A4 and A5) showed
that 9/15 items of TCMS and 21/27 items of BESTest were able to discriminate patients with ASD from

controls.

At this time in the process, the expert group was consulted for the second time to evaluate the
qualitative aspects of the specific items, such as the feasibility, safety and clinical relevance. Also, if
items measured similar aspects of balance and function, only one item was retained (e.g. ‘incline
standing with eyes closed’ vs ‘foam standing with eyes closed’ in BESTest are both items to test balance

while occluding vision and changing proprioceptive information from the ankle joint).

This quantitative (discriminant ability) and qualitative analysis resulted in a first selection of three

items of the TCMS and eight items of the BESTest. (Table A.6)
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Table A6. First selection of items and categorization.

TCMS BESTest
Spinal balance and mobility: Stability (limits) and sensory integration:
1. Lateral lean (sidebending sit) 1. Functional lean forward (standing reach)
2. Lateral reach (sit) 2. Rise to toes
3. Lateral cross-over reach (sit) 3. Stand on one leg

4. In place response — forward

5. Sensory integration — foam standing
Stability in gait:

6. Walk on level surface

7. Walking with head turns

8. Timed “get up and go” test

Although this first selection covered different aspects of function and balance, as indicated by the
categories in table A6 (‘Spinal balance and mobility’; ‘Stability (limits) and sensory integration’;
‘Stability in gait’), functional items on activities of daily living (ADL) were still lacking. An item on stair
negotiation, which is considered an important ADL task determining an individual’s independence, was
not available in the BESTest. The ‘alternate stair touching’ item of BESTest, which most closely
resembled stair negotiation, did however not discriminate between ASD and control. Therefor a step

ascent/descent item, including two consecutive steps, was added to the selection.

Promising ADL items from the BESTest, such as ‘sit to stand’ and ‘sit on the floor and stand up’ could
not discriminate between ASD and controls. Because of their functional character, the fact that
multiple aspects of functionality are addressed by these items (e.g. strength, mobility, balance,...) and
also other scales, such as the BBS and more recently the Dubousset Functional Test[10], included these
items, we believed ‘sit to stand’ and ‘sit on the floor and stand up’ were important items to include in

the FASD.

To increase the discriminant ability of these two items, the scoring options were adjusted based on
the collected data. For ‘sit to stand’, a scoring option was added, to make a distinction between
subjects that raised from a chair without hand support in one smooth movement and subjects that
could also stand up without hand support but with some difficulty or hesitation. For the ‘sit on the
floor and stand up’ item, the main reason for the observed ceiling effect, was the lack of a time aspect
in the scoring options. Therefore, subjects that could independently sit down and stand back up
without the use of a chair, scored all maximum, regardless of the time they needed to perform the
task. Since these timings were collected for all subjects, these could be used to identify ASD-specific

cut-off timings which could be incorporated in the scoring options.
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The ASD-specific cut-off timings were identified using a combination of ROC-curves[11] and histograms
for data distribution. With ROC-curves, the cut-off score was determined with the highest sensitivity
(true positive rate), but the lowest 1-specificity (false positive rate). Histograms of data distribution
were then used to check whether to round up or down towards the nearest half centimeter/second.

Figure Al gives an overview of these analyses for ‘sit on the floor and stand up’.
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Figure A1. ROC and histogram analysis to identify cut-off timing for ‘sit on the floor and stand up’

In fig Al.a the ROC analysis revealed that the timing with the highest specificity and lowest 1-specificity
was between 6 and 6.5 seconds. A histogram confirmed that approximately 30 subjects (1/3 of the
total population) performed the task within 6 seconds, which was accepted to be a reasonable cut-off

score.

To decrease the risk of ceiling effects in the total FASD, this exercise to adjust cut-off scores in the
scoring options was performed for all items that included time or distance targets. (items

5,7,8,9,12&14; Appendix B)

Eventually, this resulted in a final selection of items from TCMS and BESTest, adjusted to the
performances of the ASD population, complemented with one item on step ascent/descent. (Table

A7).
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Table A7. Final selection of items and categorization.

TCMS BESTest
Spinal balance and mobility: Stability (limits) and sensory integration:
1. Lateral lean (sidebending - sit) 1. Functional lean forward (standing reach)
2. Lateral reach (sit) 2. Rise to toes
3. Lateral cross-over reach (sit) 3. Stand on one leg

4. In place response — forward

5. Sensory integration — foam standing
ADL and stability in gait:

6. Walk on level surface

7. Walking with head turns

8. Timed “get up and go” test

9. Sit to stand

10. Sit on floor and stand up

Added

ADL and stability in gait:
1. Step ascent/descent

A.5 Function Assessment scale for Spinal Deformity — finalization

The resulting FASD (Appendix B) contains 14 items divided in three subscales (Table A7): FASD 1 - spinal
mobility and balance (3 items); FASD 2 - stability limits and sensory integration (5 items); FASD 3 - ADL

and stability in gait (6 items).

All items in the FASD were scored on a three- or four-point ordinal scale and were administered
bilaterally in case of clinical relevance. The total score of the scale was 56 points, with a higher score
indicating better performance. Scoring for the FASD was based on the BESTest and TCMS, with some
modifications. Specifically, TCMS items, consisting of two or three subquestions with separate ordinal

scales, were combined into one ordinal scale each (items 1, 2 & 3).

The final version of the FASD, including instructions for assessment, can be found in Appendix B.
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Appendix B. FASD

Function Assessment scale for Spinal Deformity (FASD)

Total score: /56

Material:
Treatment table
Foam pad
Measuring tape
Chair with armrests
Stair step with two consecutive steps of normal height (18-20 cm)

Stop watch
A. Spinal balance and mobility Total:
/14
1. Side bending Left Right
The patient sits with an upright trunk on the treatment table with the
hands on the upper legs and is instructed to touch the table with his/her
elbow at the level of the femoral head.
- Patienttouches the table with elbow without lifting the pelvisand | 3 3
clear trunk shortening
- Patient touches the table with elbow with pelvic lift and small | 2 2
trunk shortening
- Patient touches table with elbow with pelvic lift and straight trunk | 1 1
- Patientis unable to touch table with elbow 0 0
2. Side reaching Left Right
The patient sits with an upright trunk on the treatment table with his/her
arm raised sideways and is instructed to touch the therapist’s hand.
(distance: one forearm length measured from the homolateral arm when
raised sideways)
- Patient can touch therapist’s hand in one smooth movement and | 2 2
returns without falling or hand support
- Patient reaches therapist’s hand slowly and with a lot of effort 1 1
- Patient cannot reach target or needs hand support when | 0 0
returning back to starting position
3. Cross reaching and spinal rotation (distance: half the forearm length) Left Right
The patient sits with an upright trunk on the treatment table and is
instructed to reach to the opposite side and touch the hand of the
therapist. (distance: half the forearm length measured from the
heterolateral arm when raised sideways)
- Patient can touch therapist’s hand in one smooth movement and | 2 2
returns without falling or hand support
- Patient reaches therapist’s hand slowly and with a lot of effort 1 1




Appendix — validity and reliability of FASD

- Patient cannot reach target or needs hand support when | O 0
returning back to starting position
TR (TR . . Total:
B. Stability (limits) and sensory integration /21
4. Toerise
The patient is instructed to rise on the toes as high as possible for 3
seconds.
- Stable and maximal height for 3 seconds 3
- Unstable and submaximal height for 3 seconds 2
- Lessthan 3 seconds 1
- Not possible 0
5. Standing on foam Time ‘eyes open’: Time ‘eyes closed’: | Eyes Eyes
open closed
The patient is instructed to stand in the middle of a foam pad with the feet close
to each other for 30 seconds.
- Patient stands stable for 30 seconds 3 3
- Patient stands unstable for 30 seconds 2 2
(twitching/arm movements)
- Patient stands for less than 30 seconds 1 1
- Patient stands for less than 10 seconds 0 0
6. Forward reactive response
Patient stands straight while the therapist gives some backward pressure
on the patient’s shoulders. The patient withstands the pressure without
leaning forward, until the therapist releases the pressure. The patient
tries to keep balance without taking a step.
- Patient recovers stable (no large arm/trunk motion) without a | 3
step
- Patient recovers unstable (arm swing/trunk motion) without a | 2
step
- Patient needs a step but recovers independently (second | 1
realignment step is allowed)
- Patient needs multiple steps or needs assistance to preventafall | O
7. One leg stance Left: Right: Left Right
Patient is instructed to stand as long as possible on one leg. The test ends when
the patient reaches 30 seconds.
- Patient stands stable for 30 seconds 3 3
- Patient stands unstable (trunk/arm/leg motion) for 30 seconds 2 2
- Patient stands for < 30 seconds 1 1
- Patient stands for < 10 seconds 0 0
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Forward reaching during stance

The patient is instructed to walk 6m at his/her own preferred speed.

Distance:
Patient is instructed to reach forward as far as possible without lifting the
heels and return back to starting position.
- Patient reaches =30 cm 3
- Patient reaches target between 25 and 30 cm 2
- Patient reaches <25 cm 1
- Patient cannot lean forward without falling 0
Total:
9. ADL and stability in gait
ying /21
10. Sit on floor and stand up Time:
Patient is instructed to sit on the floor with the legs straight and stand up
again. A chair can be used as support if necessary.
- Patient sits and stands up independently in < 6 seconds 3
- Patient sits and stands up independently in more than 6 seconds | 2
- Patient needs support from chair to sit and/or to stand up 1
- Patient cannot sit on floor or stand up without support of | O
therapist
11. Sit-to-stand
The patient sits on a chair and tries to stand up without hand support if
possible and without moving his/her feet.
- Patient stands up without use of hands in one smooth movement | 3
- Patient stands up without use of hands but with hesitation, large | 2
trunk flexion or large arm movement
- Patient uses hand support to stand up from chair 1
- Patient cannot stand up independently even with hand support | O
12. Step ascent (a.) and descent (b.) Ascent | Descent
Patient is instructed to ascend a stair step with two consecutive steps,
turn around and descend.
- Patient ascends/descends independently with single foot | 3 3
support, in one smooth movement and no large arm movements
- Patientascends/descends independently with single foot support | 2 2
but slowly, with hesitation before taking the step OR with signs
of imbalance (large arm movements, wide base, excessive trunk
motion, midline cross-over,...)
- Patient uses double foot support while ascending/descending 1 1
- Patientis unable to ascend/descend without external support 0 0
13. Overground walking 6 m Time:
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- Patient walks independently with normal speed (<5.5 seconds) | 3
and no signs of imbalance
- Patient walks independently with slower speed (>5.5 seconds) | 2
and no signs of imbalance
- Patient walks with signs of imbalance (wide base, excessive trunk | 1
motion, inconsistent step length, midline cross-over,...)
- Patient cannot walk 6 m 0

13. Walking with head turns

Patient is instructed to walk 6m and turn his/her head to the left/right
according to the therapist’s instructions.

- Patient walks without imbalance or changes in gait speed 3
- Patient slows down (>10% slower than 12) while turning the head | 2
but with good balance
- Patient cannot perform full head turns or shows signs of | 1
imbalance (midline cross-over or deviation)
- Patient cannot perform head turns or stops walking 0

14. Timed Get-Up-and-Go-Test Time:

Patient is instructed to stand up from a chair, walk 3 meters, turn around
and sit down again as fast as possible without running.

- Patient performs test within 7.5 seconds with good balance

- Patient performs test slowly (> 7.5 seconds) with good balance

- Patient performs test within 7.5 seconds with signs of imbalance

- Patient performs test slowly (> 7.5 seconds) with signs of
imbalance

O FrRr N W

Comments:
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Appendix C. Data distribution of FASD compared to BESTest/TCMS

One of the reasons to develop an ASD-specific scale for function and balance, was the presence of
ceiling effects of BESTest and TCMS when applied in the ASD population2. Selecting the discriminative
items of both scales and adjusting the scoring options of selected items of BESTest and TCMS based
on an extensive data collection, as described in Appendix A, aimed for a reduction of these ceiling

effects.

Histograms of FASD, BESTest and TCMS were provided to compare the distribution of the total scores
(expressed as percentages) across the total group (n=43). Differences between total scores on FASD,

BESTest and TCMS were analyzed with the Friedman’s test. Results can be found in figure C1.
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Figure C1. Histograms with distribution of, respectively, FASD, BESTest and TCMS data.

On the horizontal axis the scoring on FASD, BESTest and TCMS is displayed in percentages. On the
vertical axis the frequencies of a rating can be found. Mean and standard deviation are reported.
FASD: Function and balance scale for Adult Spinal Deformity, BESTest: Balance Evaluation Systems
Test; TCMS: Trunk Control Measurement Scale.

Both the increased variability of scores on the FASD within the same sample, as indicated by an
increased standard deviation and a larger distribution of scores on the x-axis of the histogram, and the
significantly lower total score on FASD compared to TCMS and BESTest (p<0.001) suggest a reduction

in ceiling effect.
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