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DEFORMITY
The Health Impact of Symptomatic Adult Spinal
Deformity: Comparison of Deformity Types to
United States Population Norms and
Chronic Diseases
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quality of life for SASD. Disability comparisons between SASD

Study Design. A retrospective analysis of a prospective, multi-

center database.
Objective. The aim of this study was to evaluate the health

impact of symptomatic adult spinal deformity (SASD) by

comparing Standard Form Version 2 (SF-36) scores for SASD

with United States normative and chronic disease values.
Summary of Background Data. Recent data have identified

radiographic parameters correlating with poor health-related
he �Rocky Mountain Hospital for Children; yRocky Mountain Sco-
Spine, Denver, CO; zCornell University School of Medicine, New
Y; §Emory University, Department of Economics, Atlanta, GA; jjNew
niversity School of Medicine, Department of Orthopedic Surgery,
ork, NY; {University of Virginia School of Medicine, Department of
surgery, Charlottesville, VA; #University of California San Francisco
l of Medicine, Department of Neurosurgery, San Francisco; ��San
Center for Spinal Disorders, La Jolla, CA; yyHospital for Special

y, Department of Orthopedic Surgery, New York, NY; zzWashington
ngton University, Saint Louis, MO; §§University of Kansas School of
ine, Department of Orthopedic Surgery, Kansas City, KS; jjjjUniversity
gon School of Medicine, Department of Orthopedic Surgery, Port-
R; {{University of California Davis School of Medicine, Department
opedic Surgery, Sacramento, CA; ##Johns Hopkins University School
dicine, Department of Orthopedic Surgery, Baltimore, MD; and
lor Scoliosis Center, Plano, TX.

wledgment date: June 15, 2015. First revision date: July 23, 2015.
tance date: August 16, 2015.

anuscript submitted does not contain information about medical
(s)/drug(s). Deputy/Synthesis Spine grant funds were received in sup-
f this work. Relevant financial activities outside the submitted work:
membership, consultancy, expert testimony, grants, employment,

s, payment for lectures, stocks, royalties, payment for development
cational presentations, travel/accommodations/meeting expenses.

an open-access article distributed under the terms of the Creative
ons Attribution-Non Commercial-No Derivatives License 4.0, where
rmissible to download and share the work provided it is properly

The work cannot be changed in any way or used commercially.

ss correspondence and reprint requests to Shay Bess, MD, New York
rsity School of Medicine/Hospital for Joint Diseases, Department of
aedic Surgery, 301 East 17th Street, Suite 400, New York, NY 10003;

: Shay_bess@hotmail.com

0.1097/BRS.0000000000001202

www.spinejournal.com
patients and patients with chronic diseases may provide further

insight to the disease burden caused by SASD.
Methods. Consecutive SASD patients, with no history of spine

surgery, were enrolled into a multicenter database and

evaluated for type and severity of spinal deformity. Baseline

SF-36 physical component summary (PCS) and mental com-

ponent summary (MCS) values for SASD patients were com-

pared with reported U.S. normative and chronic disease SF-36

scores. SF-36 scores were reported as normative-based scores

(NBS) and evaluated for minimally clinical important differ-

ence (MCID).
Results. Between 2008 and 2011, 497 SASD patients were

prospectively enrolled and evaluated. Mean PCS for all SASD

was lower than U.S. total population (ASD¼40.9; US¼50;

P<0.05). Generational decline in PCS for SASD patients with

no other reported comorbidities was more rapid than U.S. norms

(P<0.05). PCS worsened with lumbar scoliosis and increasing

sagittal vertical axis (SVA). PCS scores for patients with isolated

thoracic scoliosis were similar to values reported by individuals

with chronic back pain (45.5 vs 45.7, respectively; P> 0.05),

whereas patients with lumbar scoliosis combined with severe

sagittal malalignment (SVA >10 cm) demonstrated worse PCS

scores than values reported by patients with limited use of arms

and legs (24.7 vs 29.1, respectively; P<0.05).
Conclusions. SASD is a heterogeneous condition that,

depending upon the type and severity of the deformity, can

have a debilitating impact on health often exceeding the

disability of more recognized chronic diseases. Health care

providers must be aware of the types of SASD that correlate

with disability to facilitate appropriate diagnosis, treatment, and

research efforts.
Key words: adult spinal deformity, disability, health related
quality of life, SF-36
Level of Evidence: 3.
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C
onfusion persists regarding the severity of pain and
disability associated with adult spinal deformity
(ASD). Some reports indicate that ASD causes little

disability other than back pain, whereas other reports
indicate that ASD patients report greater functional limita-
tions and worse quality of life compared with population
norms.1–5 The incidence of ASD is rising in conjunction
with the aging U.S. population; therefore, medical providers
and third-party payers are increasingly called upon to
evaluate, treat, and authorize payment for the care of
ASD patients.6–9 A growing body of research has emerged
demonstrating that ASD is a heterogeneous disease com-
posed of a variety of deformity types.10–14 However, much
of the historical literature characterized ASD as an adult
version of adolescent idiopathic scoliosis (AIS); therefore, an
incomplete understanding persists regarding the physiologi-
cal reasons for disability associated with ASD because these
studies only assessed scoliotic deformities rather than iden-
tifying that both coronal and sagittal plane deformities play
an important role in the pathology that constitutes ASD.4,5

The Medical Outcomes Survey Short-Form 36 (Standard
Form Version 2; SF-36) is a general health questionnaire that
uses normative values for health assessment. Accordingly,
SF-36 scores can be used to evaluate the health burden of a
specific disease in relation to the general population and/or
to other chronic diseases.15–20 Critical to interpreting SF-36
data and other health-related quality of life (HRQOL)
measures is the concept of minimal clinically important
difference (MCID), defined as the threshold value for a
specific HRQOL score beyond which would be discernible
by the patient as a clinically meaningful change.21–27

Although the SF-36 has been used in spine research to
evaluate outcomes, little data exist to quantify the health
impact of different types and severities of spinal deformities
that exist within ASD in comparison to other more familiar
chronic diseases.9,28,29 The purpose of this study was to (1)
use the SF-36 questionnaire to compare the baseline physical
and mental disability reported by a prospective cohort of
consecutive symptomatic ASD (SASD) patients who have
not had previous spine surgery to SF-36 scores reported by
the U.S. general population and by patients with chronic
diseases, (2) evaluate the impact that age has upon SASD by
comparing generational SF-36 values for SASD patients to
U.S. generational norms, and (3) evaluate the impact that
specific types of spinal deformities have upon SASD patients
in comparison to other chronic diseases.

MATERIALS AND METHODS
Data used for this study were obtained from a multicenter,
prospective, longitudinal database (the database) consisting
of consecutively enrolled ASD patients. Eleven participating
sites located in the United States contributed patients to the
database. Institutional review board (IRB) approval for this
study was obtained at all participating centers before enroll-
ing SASD patients into the database. Database inclusion
criteria are age more than 18 years and minimum 1 of the
following: scoliosis more than 20 degrees, sagittal vertical
Spine
axis more than 5 cm (SVA; distance from C7 plumb line to
the posterior, superior corner of S1), pelvic tilt more than 25
degrees (PT; angle between a vertical line and the line
through the mid-point of the sacral plate to femoral heads
axis), and/or thoracic kyphosis more than 60 degrees (TK;
Cobb angle measured from superior endplate of T4 to
inferior endplate of T12), as previously described.30,31

Exclusion criteria for database enrollment include spinal
deformities associated with autoimmune, posttraumatic,
neoplastic, neuromuscular, syndromic, and/or infectious
disorders. An additional exclusion criterion for the current
study was previous spine surgery.

All radiographic analyses of the spinal axis were per-
formed using 3600 full-length films that visualized from the
cervical spine to the pelvis. Patients were instructed to
assume a free-standing posture, with elbows flexed at
approximately 45 degrees and fingertips on the
clavicles.32,33 Antero-posterior (AP) and lateral films were
obtained and sagittal and frontal spino-pelvic parameters
were assessed using Spineview1 (Laboratory of Biome-
chanics, Paris, France).34,35

All demographic, radiographic, and SF-36 PCS and MCS
values were obtained upon patient enrollment into the data-
base, before treatment prescribed by the enrolling physician.
All SF-36 data were reported as norm-based scores (NBS) with
standard deviations (SDs). ASD SF-36 PCS and MCS values
were compared with United States normative values, age-
generational values, and disease-specific values, as reported
by the User’s Manual for the SF-36v2 Health Survey, Second
Edition.19 Differences in SF-36 PCS and MCS values were
assessed as total values and as MCID differences according to
previously reported NBS mean values, percentile values, and
MCID values for PCS and MCS.19 Recommended MCID
values for SF-36 are between 2 and 3 NBS points for the
PCS and 3 NBS points for the MCS.19 For consistency and to
avoid overestimating the impact of SASD and other disease
states, the MCID value was set at 3 NBS points for both the
PCS and MCS, as previously recommended.19 SASD patients
were divided into age generational cohorts as recommended
by the User’s Manual for the SF-36v2 Health Survey, Second
Edition.19 Type and severity of spinal deformity was charac-
terized as primarily scoliosis (patients with scoliosis �20
degrees and SVA <5 cm), primarily sagittal (SVA �5 cm
and scoliosis <20 degrees), combined scoliosis, and sagittal
deformities (scoliosis �20 degrees and SVA �5 cm), as pre-
viously recommended.36,37 The type of scoliosis was defined
according to the apex of the scoliosis including thoracic (apex
T2-T11–12 disc space), thoracolumbar (apex T12-L1 verte-
bra), or lumbar spine (apex L1–2 disc space-L4), as previously
recommended.13,38 Severity of the sagittal deformity was
quantified according to the magnitude of the SVA (<5, �5,
�10 cm), as previously recommended.36,37,39

Statistical Methods
Statistical analysis was performed using Stata 12.1 (Stata-
Corp, College Station, TX). Analysis of ASD HRQOL
values compared with U.S. population norms groups was
www.spinejournal.com 225



TABLE 1. Symptomatic Adult Spinal Deformity
Patients: Demographic, Radiographic,
and SF-36 Values

ASD (n¼497) Mean Values (SD)

Age; years 50.4 (16.9)

Body mass index; mean 25.6 (6.4)

Sagittal vertical axis; cm 1.99 (58.1)

Pelvic tilt; degrees 18.8 (10.2)

Scoliosis; degrees 45.3 (18.3)

SF-36 physical component
score; mean

40.9 (11.2)

SF-36 mental component
score; mean

49.4 (11.3)

ASD indicates adult spinal deformity; SF-36, Medical Outcomes Survey
Short Form-36 (Standard Form Version 2); SD, standard deviation.

DEFORMITY Health Impact of Symptomatic Adult Spinal Deformity � Bess et al
performed using 2-tailed t tests, and analysis across age
groups was performed using analysis of variance
(ANOVA). Linear regression analysis was used to assess
the impact of radiographic measures of deformity on the
deviation from population norms. P values less than 0.05
were considered statistically significant.

RESULTS
Between 2008 and 2011, 497 consecutive SASD patients
met inclusion criteria and were evaluated for this study.
Mean age of all SASD patients was 50.4 years (SD¼16.9),
mean scoliosis was 45.3 degrees (SD¼18.3), and mean SVA
was 1.99 cm (SD¼58.1; Table 1 and Fig. 1A–D). Mean
PCS for all SASD patients was 40.9 (SD¼11.2) and mean
MCS was 49.4 (SD¼11.3; Table 1 and Fig. 1E). Compared
with the U.S. general population, the mean PCS for all SASD
patients was 9 NBS points lower than the U.S. general
population, and more than 3 NBS points below the 25th
percentile for U.S. general population, whereas the MCS
value for the total SASD cohort was similar to U.S. general
population norms (Table 2). Generational PCS values for all
SASD age groups were lower than respective U.S. genera-
tional values and were more than 3 NBS points below the
25th percentile for all respective U.S. generational norms for
all age groups except for the youngest age group (P<0.05),
while MCS values for the each SASD generation were
similar to U.S. generational norms (Table 2). SASD patients
demonstrated a more rapid decline in generational PCS
values than the U.S. general population, as the reduction
in average SASD PCS across successive generations was
greater than that of the U.S. successive generational decline
(Table 2; P<0.05). Analysis of a subset of SASD patients
with no other reported comorbidities compared with U.S.
total and generational norms demonstrated that the mean
generational PCS for SASD patients with no other reported
comorbidities was more than 3 NBS points lower than the
respective U.S. generational norm for all generations except
for the youngest and oldest age groups (P< 0.05; Table 3).
Comparison of the mean PCS score for all SASD patients to
PCS scores for chronic diseases demonstrated that the mean
226 www.spinejournal.com
SASD PCS was more than 3 NBS points worse than chronic
back pain and hypertension (P<0.05), and was similar
cancer, diabetes, and heart disease (Table 4).19

Analysis of SASD according to the type and severity of
spinal deformity demonstrated that patients with primarily
scoliosis deformities in the lumbar spine (scoliosis >20
degrees, SVA <5 cm) had worse PCS scores than patients
with primarily scoliosis deformities in the thoracic spine
(PCS¼36.7 vs 45.5, respectively; P<0.05), and patients
with primarily sagittal deformities (scoliosis <20 degrees,
SVA >5 cm) had worse PCS scores than patients with
primarily scoliosis deformities (PCS¼32.4 vs 43.8, respect-
ively; P<0.05; Figure 2). Patients with combined lumbar
scoliosis and severe sagittal deformity (SVA >10 cm) dem-
onstrated the worst PCS of all patients reported in this study
(PCS¼24.7; P<0.05). Comparison of the different deform-
ity types to reported values for chronic diseases demon-
strated that SASD patients with primarily thoracic scoliosis
deformities had similar PCS scores as reported values for
patients with chronic back pain (45.5 vs 45.7, respectively;
Figure 3A, B, and Figure 2).19 Patients with primarily
lumbar scoliosis deformities reported similar PCS scores
as patients with osteoarthritis and chronic heart disease
(36.7 vs 38.6 vs 38.9, respectively) and patients with prim-
arily sagittal deformities (scoliosis<20 degrees, SVA>5 cm)
reported similar PCS scores as patients with osteoarthritis
and rheumatoid arthritis functioning below the 25th per-
centile for the disease group (30.4 vs 30.1 vs 31.7, respect-
ively).19 Patients with primarily severe sagittal deformity
(SVA >10 cm) had similar PCS scores as patients with
chronic lung disease that function below the 25th percentile
for the disease group (28.5 vs 30.1, respectively; Figure 4A,
B). Patients with combined lumbar scoliosis and severe
sagittal deformities (SVA>10 cm) reported severe disability
(PCS¼24.7) and had worse PCS scores than values reported
for patients with limited vision and limited function of the
arms and legs (Figure 5A, B).19

Table 5 summarizes the results of ordinary least squares
(OLS) regression analysis specifying the deviation in a
patient’s PCS from United States generational norms as a
function of body mass index (BMI), Charlson comorbidity
index (CCI)40, gender, scoliosis, PT, and SVA. BMI, CCI,
gender, PT, and SVA all demonstrated a significantly nega-
tive effect on the deviation in PCS from U.S. generational
norms. Specifically, a 1-mm increase in SVA lead to a
significant reduction in PCS of 0.06 points compared with
the relevant U.S. generational norm. Similarly, a 1-degree
increase in PT lead to a reduction in PCS of 0.12 points
compared with the relevant U.S. generational norm. Separ-
ate regressions for each age group revealed that PT had the
largest negative effect (�0.51, P¼0.004) on PCS relative to
U.S. norms for patients aged 45 to 54 years, with a smaller
but significant effect (�0.11) for patients aged 55 to 64
years, while SVA had the largest negative effect (�0.10,
P¼0.001) on PCS relative to U.S. norms for patients aged
55 to 64 years, with a smaller but significant effect (�0.06)
for patients aged 65 to 74 years.
February 2016



Figure 1. Percentage distribution of SASD patient population according to (A) age group, (B) scoliosis magnitude, (C) sagittal vertical axis,
(D) pelvic tilt, and (E) SF-36 PCS values.
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TABLE 4. Total ASD SF-36 PCS and MCS Values Compared With United States Healthy and Disease-
Specific Norms19

Chronic Disease PCS; Mean NBS Points MCS; Mean NBS Points

United States total population 50 49.9

United States healthy population 55.4 52.9

Back pain 45.7 47.6

Depression 45.4 36.3

Hypertension 44.0 49.7

Diabetes 41.1 47.8

Symptomatic adult spinal deformity 40.9 49.4

Cancer 40.9 47.6

Limited use arms legs 38.9 43.0

Heart disease 38.9 48.3

Lung disease 38.3 45.6

MCS indicates mental component summary; PCS, physical component summary; SD, standard deviation; SF-36, Medical Outcomes Survey Short Form-36
(Standard Form Version 2).

DEFORMITY Health Impact of Symptomatic Adult Spinal Deformity � Bess et al
DISCUSSION
There is an increasing awareness in the spine community of
the types of spinal deformities and radiographic parameters
most associated with pain and disability; however, the
greater medical community remains uneducated regarding
the reasons for disability associated with SASD.30,41–43 We
performed a multicenter, prospective evaluation of SF-36
scores from a large cohort of consecutive SASD patients
who had no history of previous spine surgery and found that
the SASD population demonstrated substantial disability
compared with the U.S. population and demonstrated a
greater generational worsening in physical function as
measured by SF-36 PCS scores than the U.S. general popu-
lation. Importantly, this study reinforces that SASD is a
heterogeneous disease, composed of different deformity
types, some of which are more disabling than others. In
an attempt to draw analogies to alternate diseases that are
more familiar to health care providers, we compared the SF-
36 PCS and MCS values for SASD patients with values
Figure 2. Adult spinal deformity SF-36 PCS values compared with PCS v
population and different subtypes of spinal deformities (including primari
scoliosis and sagittal deformity) compared with analogous PCS values for

Spine
reported for other chronic diseases, and found that although
patients with isolated thoracic scoliosis deformities reported
similar disability as patients with chronic back pain, SASD
patients with severe sagittal malalignment (SVA >10 cm),
and patients with lumbar scoliosis combined with sagittal
malalignment reported extreme disability with SF-36 PCS
scores worse than patients who have limited use of their arms
and legs.

A substantial amount of research has been devoted
toward understanding if and why ASD patients are disabled.
In a seminal, and often referenced, series of investigations,
Weinstein et al4,5 evaluated the long-term outcome of
untreated adult idiopathic scoliosis [termed late onset idi-
opathic scoliosis (LIS) in the studies]. The authors reported
that at 50-year follow-up, patients with untreated LIS
reported no more back pain than the general population.4

We hope that our findings expand those reported by Wein-
stein et al,4,5 because this study evaluated the health impact
that coronal and sagittal plane deformities have upon SASD
alues for chronic diseases. SF-36 PCS values for the total ASD study
ly scoliosis deformity, primarily sagittal deformity and combined
other chronic diseases.

www.spinejournal.com 229



Figure 3. A and B: Anteroposterior and lateral radiograph of 25-year-
old female with a primarily scoliosis deformity with thoracic scoliosis.
Thoracic scoliosis measures 478. Thoracic kyphosis measures 26
degrees, lumbar lordosis is 53 degrees, sagittal vertical axis is -1 cm,
and PT is 9 degrees. Reported PCS score was 57 and reported MCS
score was 47, which are similar to age generational normative values.

Figure 4. A and B: Anteroposterior and lateral radiograph of a 63-year-
old female with a primarily severe sagittal deformity. Thoracic scoliosis
and lumbar scoliosis are less than 20 degrees. Thoracic kyphosis
measures 8 degrees, lumbar lordosis is 11 degrees, sagittal vertical axis is
19cm, and PT is 30 degrees. Reported PCS was 20 and reported MCS
was 34. Reported PCS score is similar to reported values for patients with
chronic lung disease functioning below the 25th percentile.

Figure 5. A and B: Anteroposterior and lateral radiograph of a
78-year-old male with combined scoliosis and sagittal deformities.
Thoracic scoliosis is 35 degrees and thoracolumbar is 53 degrees.
Thoracic kyphosis measures 8 degrees, lumbar lordosis is 6 degrees,
sagittal vertical axis is 23 cm, and PT is 28 degrees. Reported PCS
was 13 and reported MCS was 51. Reported PCS scores are worse
than scores reported by patients with limited vision and for patients
with limited use of arms and legs.

DEFORMITY Health Impact of Symptomatic Adult Spinal Deformity � Bess et al
patients, whereas the reports by Weinstein et al4,5 did not
evaluate the sagittal plane. Consistent with the data
reported by Weinstein et al,4,5 the SASD patients with
isolated thoracic scoliosis in our study population reported
the least amount of disability, while patients with sagittal
malalignment and patients with combined deformities that
included coronal and sagittal malalignment reported the most
disability. These findings are further explained by the ordi-
nary least squares regression analysis, which demonstrated
that sagittal malalignment (as measured by increased SVA)
and sagittal spinopelvic malalignment (as measured by
increased PT) had the greatest negative impact on ASD
generational deviation from U.S. SF-36 PCS normative val-
ues, while maximal scoliosis had a little relative impact.

The SF-36 general health questionnaire is commonly used
to evaluate outcomes following treatment for ASD. How-
ever, the SF-36 questionnaire can also be used to compare
ASD with other diseases. Schwab et al29 compared SF-36
scores for adults with scoliosis with patients with hyperten-
sion and low back pain. Pellise et al44 compared SF-36
scores from ASD patients with published scores of patients
with self-reported arthritis, lung disease, diabetes, and heart
failure. Similar to our findings, the authors reported that
ASD patients had worse SF-36 PCS scores than patients with
230 www.spinejournal.com February 2016
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the measured chronic diseases. Our data expand upon these
findings, as we evaluated different age groups and specific
spine deformity types and found that (1) the negative effect
that SASD imparts upon physical health impacts all age
generations, (2) the physical detriment associated with
SASD worsens with age beyond what is expected from
aging, and (3) chronic disease analogies can be created
according to the disability associated the specific type and
the severity of the spinal deformity.

Limitations of this study include the use of previously
reported, standardized SF-36 data for U.S. population and
chronic diseases. The SASD cohort evaluated for this study
was a prospective, consecutively enrolled patient popu-
lation; however, the SF-36 values for the ASD cohort were
compared with previously reported normative SF-36 val-
ues. A benefit of the SF-36 questionnaire lies in the ability to
quantify the impact on different disease states on physical
and mental health and provide a standardized value for
comparison to other disease states; however, it is possible
that data collected on a prospective, consecutive cohort of
control patients could generate different values. In
addition, the SF-36 values for the ASD population reported
in this study were obtained from patients presenting to
physicians for evaluation of their deformity; therefore, a
selection bias may exist, as it is possible that the patients
evaluated in this study are the most symptomatic and not
representative of all ASD patients, which is why the cohort
was labeled the SASD. Although our data consist of a large
cohort of SASD patients who reported varying disabilities
that was found to correspond to the type and severity of the
specific spinal deformity, the authors acknowledge that it is
possible that some ASD patients may be asymptomatic and
that these data do not supplant a larger population-based
study. It is also important to note that this study did not
evaluate the effectiveness of treatments for ASD; therefore,
the authors cannot comment on efficacy of different treat-
ments for ASD. The goal of this study was to quantify the
baseline impact that different forms of SASD have
upon physical and mental health. An evaluation of the
efficacy of operative and nonoperative treatment for
ASD is currently underway, and will be reported as the
dataset matures.

In conclusion, our findings demonstrate that SASD
patients can be markedly disabled compared with the
U.S. general population, with a similar impact of more
recognized chronic diseases. The effect of SASD demon-
strated a greater reported impact on physical health than
can be attributed solely to aging. Importantly, SASD
patients with different types of spinal deformities have
varying disabilities and, accordingly, we have provided
analogous disease comparisons that correspond to the
reported physical impact that can facilitate an understand-
ing of the patient-reported physical limitations. We hope
that these data will assist physicians and health care pro-
viders to more effectively evaluate patients with SASD and
support that SASD warrants similar health policy attention
as other chronic diseases.
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Key Points
2

Mean SF-36 PCS for SASD patients was lower
than U.S. total population.

SASD disability increases with age as SASD
generational decline in SF-36 PCS worsened
more rapidly than U.S. age generational norms.

The mean SF-36 PCS values for all SASD patients
was similar to values reported by patients with
diabetes, heart disease, and rheumatoid arthritis.

The severity of the disease burden caused by SASD
varies according to the type and severity of the
deformity, as patients with more severe forms of
SASD reported similar physical limitations and health
impact as patients with limited use of arms and legs.
ww
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