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ABSTRACT

Objective: Spinal muscular atrophy is a lower motor neuron dis-
ease, but other parts of the body could be affected. This study
compared bone mineral density with bone metabolism and
physical growth rates in patients diagnosed with spinal muscular
atrophy type 2 and type 3.

Materials and Methods: Twenty-six patients with spinal muscu-
lar atrophy were included in the study (15 patients for type 2 and
11 for type 3). Weights and heights of patients were measured,
standard deviation scores were determined, and the body-mass
index was calculated. Motor function and pubertal assessment
were performed. Serum calcium, phosphorus, alkaline phos-
phatase, parathormone, and 25-hydroxyvitamin vitamin D levels
were compared. Spine radiography for scoliosis and bone densi-
tometry for bone mineral density were performed, and volumet-
ric bone mineral density was calculated for age and sex.

Results: Medians of height standard deviation scores were sig-
nificantly lower in type 2 patients. There was no difference be-
tween the two groups in terms of serum calcium, phosphorus,
alkaline phosphatase, parathormone, and 25-hydroxyvitamin D
levels. The ratio of scoliosis was higher in type 2 patients as was
its severity, but Z-scores of volumetric bone mineral density was
lower in the same group.

Conclusion: This study showed that bone mineralization and
growth rates were significantly lower in spinal muscular atrophy,
mainly in type 2. Further studies are needed to evaluate bone
health in spinal muscular atrophy patients.

Keywords: Spinal muscular atrophy, bone mineral density, bone
health

OzZET

Amacg: Spinal muskiler atrofi, alt motor néron hastaligidrr, an-
cak kemik saghdi ve diger bircok organ sistemi etkilenebilir. Bu
calismada, tip 2 ve 3 spinal muskuler atrofi tanisi alan hastalarda
kemik mineral yogunlugu kemik metabolizmasi ve fiziksel blyi-
me oranlari karsilagtirldi.

Gereg ve Yontemler: Calismaya spinal muskiler atrofisi olan 26
hasta dahil edildi (tip 2; 15, tip 3; 11 hasta). Hastalarin agirliklar
ve boylar dlculerek standart sapma skorlar belirlendi ve viicut
kitle indeksi hesaplandi. Motor fonksiyon ve pubertal degerlen-
dirme yapildi. Serum kalsiyum, fosfor, alkalen fosfataz, parat-
hormon ve 25-hidroksivitamin D seviyeleri karsilastirldi. Skolyoz
icin omurga radyografisi ve kemik mineral yogunlugu igin kemik
dansitometrisi yapilarak yas ve cinsiyete gore hacimsel kemik mi-
neral yogunlugu hesapland.

Bulgular: Tip 2 hastalarda medyan boy standart sapma skorlari
anlamli olarak daha disiiktii. iki grup arasinda serum kalsiyum,
fosfor, alkalen fosfataz, parathormon ve 25-hidroksivitamin D se-
viyeleri agisindan fark yoktu. Tip 2 hastalarda skolyoz orani ve
siddeti daha yiksek, volimetrik kemik mineral yogunlugu Z sko-
ru daha dusuktd.

Sonug: Bu calisma, kemik mineralizasyonunun ve biyiime oran-
larinin, ozellikle tip 2'de olmak Uzere, spinal muskiler atrofide
onemli dl¢lide daha distk oldugunu gostermistir. Spinal mus-
kiler atrofi hastalarinda kemik saghgini degerlendiren daha ileri
caligmalara ihtiyag vardir.

Anahtar Kelimeler: Spinal miskiler atrofi, kemik mineral yo-
Junlugu, kemik saghg
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INTRODUCTION

Low bone mineral density (BMD) and recurrent bone frac-
tures are an important problems in spinal muscular atro-
phy (SMA) patients (1). Various mechanisms are respon-
sible for these conditions. Immobility negatively affects
bone mineralization and results in low BMD, osteopenia,
and fractures (2, 3). Some studies on the relationship be-
tween the survival motor neuron (SMN) protein and os-
teoclast and bone remodeling have been published, but
data on bone health and indicators of bone involvement
in SMA patients remain limited (4). A recent study showed
that bone resorptions and vertebral fractures increased in
these patients and low levels of serum 25-hydroxyvitamin
D [25(0OH)D] and high levels of parathormone (PTH) were
observed (5).

In our study, we aimed to assess and compare patients
with SMA type 2 and type 3 in terms of bone mineral den-
sity, bone metabolism, fractures, localization and severity
of scoliosis, growth, and pubertal features. To achieve
this, both the volumetric method and biochemical anal-
ysis were used simultaneously to obtain reliable results
about bone health, and as such our study will contribute
to the literature.

MATERIALS AND METHODS

Patients

In this cross-sectional and single-centered study, 26 pa-
tients who had been followed up by the Department of
Pediatric Neurology and diagnosed with SMA, including
15 patients of type 2 and 11 of type 3, were enrolled.

The inclusion criteria were defined as follows: 1) 18
months to 18 years of age; 2) clinically and genetically
diagnosed as SMA type 2 and 3; 3) not having any chronic
disease except for SMA; 4) not receiving any treatment
that affects bone mineralization such as systemic steroids
or bisphosphonates; 5) not suffering from congenital
fractures. This study was approved by the Bioethics Com-
mittee of Istanbul University, Istanbul Faculty of Medicine
(Date: 24.10.2019, No: 1213). Written informed consent
was obtained from the parents.

Endocrinologic assessment

Height and weight were measured for all patients using a
wall-mounted or infant scale calibrated Harpenden Stadi-
ometer (Holtain Ltd.) and electronic scale (sensitivity of 0,1
kg). If children could not stand, the length was measured
from the heels to the top of the head, and weight was cal-
culated by subtracting the parental weight from the total
weight measured on the scale. An infant scale was used to
weigh children under two years and when patients could
not stand independently. Body mass index (BMI) was cal-
culated as [weight (kilogram)/height (meter)?]. According
to national data, the standard deviation score (SDS) of all

auxological measurements was calculated (6). Patients
were categorized as obese (BMI SDS >2), overweight (BMI
SDS between 1-2), normal-weight (BMI SDS between -2
and 1), and underweight (BMI SDS <-2) (7).

Marshall and Tanner’s staging were used to assess pu-
berty. The onset of puberty was defined as breast Tanner
stage 2 in girls and testicular volume of >4 ml in boys (8).
The pubertal assessment was performed by a pediatric
endocrinologist (EKO, APO, and FB). The rates of pre-
pubertal and pubertal patients were determined in both
groups, and volumetric bone mineral density (vBMD) was
compared according to these two categories.

Assessment of motor function

The patients’ motor function was evaluated according to
the ability to perform the activities itemised in the Ham-
mersmith Functional Motor Scale Expanded (HFMSE)
test (9). For each item, if the patient was unable to com-
plete it, the score was '0". If achieved, the degree of suc-
cess was scored as either '1" or '2". If all steps of the test
were achieved, the total score was 66.

Imaging of left hand and wrist and spine

X-rays of the patients’ left hands and wrists were taken. A
single observer assessed bone age (BA) according to the
Greulich Pyle Method (10).

X-rays of the whole spine anteroposterior (AP) and lateral
views were performed to determine whether the patients
had scoliosis. Concurring with the Scoliosis Research So-
ciety, patients were diagnosed with scoliosis if the cur-
vature was more than 10° Cobb's angle. The severity of
each patient’s scoliosis was determined in accordance
with The International Scientific Society on Scoliosis Or-
thopedic and Rehabilitation Treatment (SOSORT) guide-
line in 2016 (11).

In an earlier study, the fastest progression of scoliosis had
been shown to be around ten years of age (12). Thus, for
assessing the relationship between scoliosis and age, we
examined patients in two groups, under and above the
age of ten.

Lateral thoracolumbar spine imaging was performed
and reported by a single experienced reader to evaluate
whether vertebral fracture was present.

Evaluation of vitamin D status, bone mineral density,
and osteoporosis

Serum [25(OH)D] concentrations were performed using
the electro-chemiluminescence immunoassay (ECLIA)
method (Cobas €601 autoanalyzer, Roche Diagnostic
GmbH, Mannheim, Germany). None of the patients were
on vitamin D replacement, and samples were collected
in the winter. Vitamin D deficiency was defined as a se-
rum [25(0OH)D] level of <12 ng/mL (<30 nmol/L) and in-
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sufficiency as a level between 12 and 20 ng/mL (30-50
nmol/L). Levels higher than 20 ng/mL (50 nmol/L) were
accepted as sufficient (13).

The bone mineral density of L1 to L4 lumbar spine was
measured either by a Lunar DPX IQ with a pediatric
software package or Hologic QDR 4500 (Hologic, Inc,
Waltham, Mass) scanner. Hologic® Conversion Tables
were used to switch from a Lunar DPX IQ to a Hologic
densitometer (14). We calculated volumetric bone mineral
density (vBMD) (gram/cm?) of patients using the formula
of Carter et al. [Bone Mineral Content (BMC)/area'] (15).
The vBMD Z-scores were calculated according to Turkish
boys and girls of similar age using national data (16).

According to the International Society for Clinical Densi-
tometry (ISCD) 2019 criteria, diagnosis of osteoporosis in
children and adolescents should not be made based on
densitometric criteria alone (17). Based on these criteria,
we made a diagnosis of osteoporosis if the BMD Z-score
was less than or equal to -2.0 with a history of significant
clinical fracture, which was defined as one or more of the
following: 1) 22 fractures of long bone by ten years of
age; 2) >3 fractures of long bone at any age. Also, if pa-
tients had vertebral compression fractures, it was accept-
ed to be diagnosed for osteoporosis.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
Statistic Base 21.0 (SPSS Inc., Chicago, IL) was used for
statistical analysis. Shapiro-Wilk test was used for the
evaluation of the distribution of variables. In the descrip-
tive analysis, median; inter quarter range (IQR) are used
when appropriate. Variables were compared with the
Chi-squared test or Fisher's exact test where applicable.
Student'’s t-test or Mann-Whitney U test was used to com-
pare the continuous data between the two groups. P-val-
ue was considered as significant with <0.05.

RESULTS

Demographic data

The median age of the patients was 7.2 (1.8-17.2) years in
SMA type 2 (n=15) and 7.7 (2.7-17.3) years in SMA type 3
(n=11). The female/male ratio was 7:8 and 8:3 in type 2 and
type 3 patients, respectively (Table 1). Median values of bone
age were 6.0 and 8.0 years in type 2 and type 3, respectively.

All patients in type 2 were non-ambulatory, and in type 3
one patient was non-ambulatory with the remainder be-
ing ambulatory.

Anthropometric measurements and puberty

The anthropometric parameters of our cohort are out-
lined in Table 1. Median of height SDS was significantly
lower in type 2 (p=0.03). Medians of BMI and weight SDS
were not significantly different between the two groups
(p=0.64 and 0.12, respectively).

Both groups were compared in terms of puberty; six of
15 patients were pubertal in type 2 (40%), five of 11 pa-
tients were pubertal in type 3 (45%). The pubertal stag-
es of the pubertal patients were compatible with their
chronological age. Precocious or delayed puberty was
not observed in either type. There were no significant dif-
ferences in terms of pubertal features between the two
groups (p=0.91) (Table 1).

Motor function (HFMSE score)

The median HFMSE score in SMA type 2 and type 3 pa-
tients was 9 and 46, respectively (p<0.01). HFMSE score
was above 30 points in all patients except one in type 3.
In contrast, this score was below 30 in all patients except
one in type 2.

Laboratory analysis

The serum levels of calcium (Ca), phosphorus (P), alka-
line phosphatase (ALP), and parathormone (PTH) were
within normal limits. Levels of serum [25(OH)D] did not
differ significantly between the two groups. The median
serum level was 16.7 vs. 17.3 ng/ml in type 2 and type 3,
respectively.

Scoliosis

Scoliosis was observed in 60% of patients in type 2.
Cobb’s angle ranged from 45° to 100° in these patients,
all of them classified as having severe or very severe sco-
liosis. Scoliosis (Cobbs angle 98°) was detected in only
one patient in type 3, this patient being the one who was
non-ambulatory. Three patients that had spinal curvature
between 0-9° were not included in the scoliosis group.

Scoliosis was observed in all type 2 patients who were ten
years of age or older; the frequency of scoliosis declined
to 25% in patients between 5 and 10 years of age. No
patient under five years of age had scoliosis in this group.
According to Fisher's exact test, the differences between
these three age groups in type 2 were considered signif-
icant (p=0.007). The mean of Cobb’s angle was 15° and
76° in patients who were <10 and 210 years old, respec-
tively. This difference was statistically significant (p=0.004)
(Table 2).

Bone mineral density

Z-scores of areal BMD were lower in type 2 patients
(p=0.018). In type 2 and type 3 patients, median vBMD
(gram/cm?®) was 0.065 and 0.087, median Z-scores of
vBMD were -2.6, and -0.69, respectively. These results
were also statistically significant (p=0.018 and p=0.03, re-
spectively) (Table 1).

Osteoporosis and bone fractures

None of the patients had a bone fracture history except
one SMA type 2 patient who had a vertebral fracture.
Thus, according to ISCD 2019 criteria, we had just one
patient who fulfilled the criteria for osteoporosis.
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Table 1. Clinical and laboratory characteristics of patients with spinal muscular atrophy type 2 and 3 (Values are
given as median and range (min-max))

Type 2 (n=15) Type 3 (n=11) p value

Gender (F/M) 7/8 8/3
Age (years) 7.2(1.8-17.2) 7.7 (2.7-17.3) 0.442
Weight SDS -1.7 (-7.27-1.67) -0.06 (-2.34-1.47) 0.122
Height SDS -2.7 (-7.25-0.85) -0.35 (-4.6-0.35) 0.03?
BMI SDS -0.44 (-6.52-2.82) 0.04 (-1.8-1.77) 0.642
BMI SDS groups 0.32°

Normal (BMI SDS -2 - 1) 8 8

Overweight (BMI SDS 1-2) 3 3

Obese (BMI SDS >2) 2 -

Underweight (BMI SDS <-2) 2 -
Pubertal stage (Tanner) 0.91¢

| 9 6

l-1-1iv 3 2

\" 3 3
Ambulation status <0.01¢

Non-ambulatory 15 1

Ambulatory - 10
HFMSE score (median) 9 46 <0.012
Scoliosis (Cobb’s angle) 0.013°

No scoliosis (<10°) 1) 10

Severe, severe to very severe (241° -<55°) 2 0

Very severe (>56°) 7 1
Number of fractures 1 0
vBMD (g/cm?) 0.065 (0.033-0.182) 0.087 (0.071-0.149) 0.018®
vBMD SDS -2.6 (-6.1-10.0) -0.69 (-2.3-3.6) 0.03?
Ca (mg/dL) (normal ranges: 9.2-11) 9.8 (9.4-10.9) 10 (9.4-10.2) 0.722
P (mg/dL) (normal ranges: 3.2-5.8) 4.7 (3.5-6.0) 4.9 (3.3-6.1) 0.61°
ALP (U/L) (normal ranges: 70-270) 130 (63-205) 145 (40-200) 0.5
25-OH D (ng/mL) 16.7 (5.0-78.0) 17.3 (5.6-32.4) 0.51°
Vit D status 0.610

Normal (>20 ng/mL) 6 4

Insufficiency (12-20 ng/mL) 7 4

Deficiency (<12 ng/mL) 3 3
PTH (pg/mL) (normal range: 15-65) 23.1(12.7-50.4) 25 (3.4-74.9) 0.79°

a Mann-Whitney U Test, °: Chi Squared Test, < Fisher's Exact Test, F: female, M: male, SDS: standard deviation score, BMI: body mass index,
vBMD: volumetric bone mineral density, g/cm?®: gram per cubic centimeter, Ca: calcium, P: phosphorus, ALP: alkaline phosphatase, 25-OH
D: 25 dihydroxy vitamin D, PTH: parathormone, mg/dL: milligrams per deciliter, ng/mL: nanogram per milliliter, PTH: parathormone,

pg/mL: picogram per milliliter




] Bone health in spinal muscular atrophy
Istanbul Tip Fakiiltesi Dergisi @ J Ist Faculty Med 2022;85(1):22-8

Table 2: Ratio of scoliosis and median of Cobb’s angles in <10 and 210 years old patients with SMA type 2

Ratio of scoliosis
SMA type 2 (n=15)

n % p value
<10 years old (n=8) 6 25
0.007
>10 years old (n=7) 7 100

Cobb’s angle

Median / Std .
min max p value
mean dev
0°/15° 29.8 0° 78°
0.004
75°/76° 10.8 47° 100°

SMA: spinal muscular atrophy, std dev: standard deviation, min: minimum, max: maximum

DISCUSSION

This study observed that bone density, height and vita-
min D levels were negatively affected, especially in type
2 patients. In addition, we observed that especially type
2 patients over the age of 10 had severe or very severe
scoliosis. Therefore, bone health monitoring of SMA pa-
tients should be done carefully.

In a study conducted by Martinez et al., Z-scores of
weights were between >-2 to <2 in 81% of patients, re-
gardless of SMA subtypes (18). Median Z-scores of height
and BMI were -1.37 and 0.15, respectively. The differ-
ences between type 2 and 3 were not specified. In our
study, regardless of SMA subtypes, median SDS values of
weight, height, and BMI were similar to those in Martinez
etal.'s study (-1.7,-1.2, and 0.3, respectively). Median SDS
of weight and BMI were lower in type 2 patients; however,
these differences were not statistically significant. Type 2
patients were shorter in height than type 3 patients; this
situation could be explained by the higher severity of
scoliosis in type 2 patients. It may be due to inadequate
energy intake, and there is a need for further studies to
yield this condition.

In our study, median chronological and bone age were
7.2 vs. 7.7 in type 2 patients and 6.0 vs. 8.0 in type 3 pa-
tients, respectively. We observed a strong positive cor-
relation between chronological and bone age of all pa-
tients (r=0.99, p<0.01). However, two patients in type 2
had a slightly lower bone age, and one patient in type 3
had a slightly higher bone age. This result showed that
bone age is affected by chronological age rather than
BMD.

In our study, six patients were pubertal (40%) in type 2
and five patients (45.5%) in type 3. No patient had preco-
cious or delayed puberty. The median age and the rate of
pubertal patients were similar in both subtypes of SMA.
For this, the effects of puberty and chronological age on
bone tissue mass and bone mineralization were homoge-
neous in both subtypes.

Vai et al. showed that serum calcium, phosphorus, and
ALP levels were normal in 30 patients with SMA type 2
and 3. Also, the PTH levels were normal; however, two

children had slightly higher levels than the normal limit
(5). Similarly, Baranello et al. followed up 32 SMA type
2 and type 3 patients between the ages of 18 and 36
months in three visits. At each visit, they demonstrated
that serum calcium, phosphorus, and ALP levels were
normal (19). The Median levels of these laboratory tests
were also normal in our study, and there was no signifi-
cant difference between type 2 and 3. The median PTH
levels were 22.5 pg/mL and 33.5 pg/mL in type 2 and
type 3 patients, respectively. This difference was not sta-
tistically significant.

Low levels of [25(OH)D] (below 20 ng/mL) were shown
in 36.6% of SMA patients by Vai et al. The frequency
of Vitamin D insufficiency (below 20 ng/mL) was higher
in our patient group compared to other studies; levels
of [25(OH)D] were below 20 ng/mL in 16 of 26 patients
(61.5%) and were normal (above 20 ng/mL) in 10 patients.
However, the median level was similar in both types of
SMA, 16.32, 16.05 ng/mL, respectively.

Scoliosis is a crucial problem that limits the quality of
life in patients with SMA. Advancing age is a significant
risk factor for the occurrence of scoliosis. Granata et al.
showed that the mean age at the onset of scoliosis in
SMA type 2 patients was 4.3 years, and this study showed
that the frequency and severity of scoliosis increased by
age (12). An annual increase of >12° degrees was ob-
served in type 2 patients, and the fastest progression
was at around ten years of age. In our study, we detected
scoliosis in all type 2 patients above ten years of age. No
patient under five years of age had scoliosis in type 2. A
positive correlation between the severity of scoliosis and
advancing age in SMA type 2 patients was observed; it
was statistically significant (r=0.749, p<0.01). Since only
one patient with type 3 SMA had scoliosis, it is difficult
to comment on the relationship between scoliosis and
age in type 3 patients. Type 2 patients whose paraspinal
muscles are weaker and exposed to body weight for a
prolonged period with advanced age might suffer higher
severity of scoliosis.

Bone mineral density is considered to be the standard
method to assess bone quality (20). Wassermann et al.
studied 85 patients with SMA. The mean Z-score of BMD
of type 2 patients was lower than that in type 3 patients,
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-2.5vs. -0.2, respectively (21). The lowest mean Z-score of
BMD was observed in type 1 patients. In contrast to Was-
sermann’s report, in a study published in 2004 by Kinali et
al., BMD was normal in all 12 SMA type 2 and 3 patients
aged under 17 years (22). Both studies used areal BMD
for bone mineralization. However, especially in children of
growing age, areal BMD may not precisely be expressed
by bone mineral content. VBMD was used to investigate
bone mineral density in several clinical studies (23).

Baranello et al. performed bone mineral apparent den-
sity (BMAD=vBMD) in 32 prepubertal SMA type 2 and 3
patients, and mean Z-scores of BMAD (vBMD) were -0.7
regardless of SMA subtypes at the beginning of the study
(19). In our study, both groups were compared in terms of
vBMD and the Z-score of vBMD. Our cohort’s median of
vBMD values were 0.065 and 0.087 gr/cm?® respectively, in
type 2 and 3 patients. We corrected vBMD values accord-
ing to age and sex and calculated the Z-score of vBMD
for each patient. Median Z-scores of vBMD were -2.6 and
-0.69, respectively, in type 2 and 3 patients. These results
showed that bone mineralization in SMA type 2 patients
was lower in our cohort. The difference between type 2
and 3 patients was statistically significant.

In a prospective study conducted by Baranello et al., ini-
tial Z-scores of BMAD were below -2 in 18% of patients,
while this ratio was 37% at 36" month. Our study found
that this rate was 46.6%, with the low BMD ratio being
66.6% in type 2 and 18.2% in type 3. There was a posi-
tive correlation between chronological age and Z-score
of vBMD for the whole group (r=0.47, p=0.015). A strong
correlation was observed in type 3 (r=0.755, p=0.007); no
correlation was found in type 2 patients.

Boot et al. studied the effect of puberty on BMD in girls
and boys. Five hundred children and adolescents were
enrolled in this study, and age-corrected values were
used. A positive correlation between puberty and vBMD
was observed (24). We compared the bone density of pre-
pubertal and pubertal SMA patients, and we found that
the Z-score of vBMD increased by pubertal stages. Low
bone mineral density (Z-score of vBMD <-2.0) was ob-
served in 7 of 9 prepubertal patients with type 2 (77.7%)
and 2 of 6 prepubertal patients with type 3 (33.3%).

Wassermann et al. showed that Z-scores of BMD in
non-ambulatory type 1 and 2 patients were lower than
ambulatory type 3 patients. Similarly, in a study by Khatri
et al. of 8 SMA patients, the Z-score of BMD was signifi-
cantly lower in non-ambulatory SMA patients than in am-
bulatory (25). Our study found that the Z-score of vBMD
was significantly lower in type 2 patients than in type 3.
The ambulation status of the patients could explain these
results. All type 2 and only one type 3 patients with SMA
were non-ambulatory in our cohort. Additionally, puberty
and median age, which were considered to affect BMD,

were similar in both groups. The HFMSE scores of pa-
tients were compatible with ambulation. The median of
this score was significantly different between the groups.

Bone fractures are severe complications of SMA patients.
In a recent study, the fracture rate in SMA type 2 patients
was 46.9%, and 38 of 81 patients had one or more frac-
tures with various localization. This rate was 51.5% in SMA
type 3a, and 17 of 33 patients had fractures (26). In our
study, osteoporosis was diagnosed in only one patient
who had a fracture of thoracic vertebrae.

The low number of patients included in our study is the
most crucial limitation of our research. The patients who
took part in our research all live in the same geographical
area, and they are followed up by a single center. The
results may not reflect the whole of society. Multicenter
studies containing a large number of patients should be
conducted . The volumetric method to evaluate BMD was
used in our study, which gives it great strength given that
some other methods for observing SMA type 2 patients
who have severe scoliosis could be misleading for BMD.

CONCLUSION

Bone health is significantly affected to varying degrees
in patients with SMA. We observed that type 2 patients
were shorter in height than type 3. Serum Ca, P, ALP, and
PTH levels were normal despite severe bone mineral de-
ficiency; however, serum [25(OH)D] levels were lower in
both types of patients. The ratio and severity of scoliosis
increased by age in SMA type 2. Z-scores of vBMD were
very low in patients with type 2. The vBMD was correlated
with Tanner stages, bone age, height, and weight. The
main limitation of our study is that the number of patients
is low. Studies involving more patients are needed.
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