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Abstract
Background  5q-associated spinal muscular atrophy (SMA) is characterized by the progressive loss of motor neurons with 
consecutive weakness and atrophy of the limb, respiratory, and bulbar muscles. While trunk and limb motor function improve 
or stabilize in adults with SMA under nusinersen and risdiplam treatment, the efficacy on bulbar function in this age group 
of patients remains uncertain. However, it is important to assess bulbar dysfunction, which frequently occurs in the disease 
course and is associated with increased morbidity and mortality.
Methods  Bulbar function was evaluated prospectively in 25 non-ambulatory adults with type 2 and 3 SMA before and 4 and 
12 months after risdiplam treatment initiation using the Sydney Swallow Questionnaire (SSQ) and the bulbar subscore of 
the Amyotrophic Lateral Sclerosis Functional Rating Scale Revised (b-ALSFRS-R). Extremity function was assessed using 
the Hammersmith Functional Motor Scale Expanded (HFMSE) and Revised Upper Limb Module (RULM).
Results  Subjective swallowing quality, measured with the SSQ, improved after 12 months of therapy with risdiplam. For the 
b-ALSFRS-R, a non-significant trend towards improvement was observed. The RULM score improved after 12 months of 
risdiplam therapy, but not the HFMSE score. HFMSE and RULM scores did not correlate with the SSQ but the b-ALSFRS-
R score at baseline.
Conclusions  The improvement in subjective swallowing quality under risdiplam treatment, despite an advanced disease stage 
with severe motor deficits, strengthens the importance of a standardized bulbar assessment in addition to established motor 
scores. This may reveal relevant treatment effects and help individualize treatment decisions in the future.
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Introduction

5q-associated spinal muscular atrophy (SMA) is a hereditary 
motor neuron disease that leads to progressive weakness and 
muscular atrophy including ventilatory and bulbopharyngeal 
muscles. SMA is caused by homozygous deletion or com-
pound heterozygosity with deletion and point mutation in 
the survival motor neuron 1 (SMN1) gene [1]. The lack of 
functional SMN protein results in motoneuronal degenera-
tion in the anterior horn of the spinal cord [2]. Truncated 

SMN protein deriving from the SMN2 gene of variable copy 
number cannot sufficiently compensate for the absence of 
functional SMN protein [3]. As classified by the natural 
history of the disease, SMA phenotypes are differentiated 
according to the age at onset and the highest achieved motor 
milestones, with later-onset SMA types 2 and 3 being associ-
ated with a milder disease course and a higher SMN2 copy 
number [4, 5]. However, all phenotypes share progressive 
loss of motor skills and achieved motor milestones during 
the natural disease course [6].

With evolving treatment options for SMA over the past 
few years, three gene-based treatment options are now avail-
able. For adult patients, two of these are presently in fre-
quent clinical use: the antisense-oligonucleotide nusinersen 
and the small molecule risdiplam, both of which alter the 
splicing of SMN2 pre-mRNA to resemble that of SMN1, 
producing more functional SMN protein [7, 8]. Pivotal 
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and real-world studies have demonstrated relevant motor 
improvements in adult SMA patients under nusinersen 
[9–11] and in SMA types 2 and 3 patients aged 2–25 years 
under risdiplam [12]. Other than for nusinersen, data on the 
efficacy of risdiplam in larger real-world cohorts of adult 
patients over longer observation periods are pending. Most 
studies have defined motor function assessments such as the 
Hammersmith Functional Motor Scale Expanded (HFMSE), 
Revised Upper Limb Module (RULM), and Motor Function 
Measure (MFM32) as efficacy outcome measures that reflect 
trunk and extremity function while excluding bulbar and 
ventilatory function. However, bulbar dysfunction affects 
a large proportion of patients with SMA and poses a func-
tional burden and a risk for respiratory complications and 
malnutrition, with an increased mortality risk [13]. Bulbar 
symptoms include chewing and swallowing difficulties, 
reduced mandibular range of motion and strength, and aber-
rant craniofacial morphology [14]. Bulbar dysfunction typi-
cally occurs in the early and advanced disease stages, mostly 
in SMA types 1 and 2 [13–15]. In a previous study, we eval-
uated bulbar function in adults with SMA under nusinersen 
and found no improvement but preservation over 14 months 
of therapy [16]. For risdiplam, pivotal studies have shown 
preservation of swallowing function in SMA infants with 
sustained oral feeding ability over 12 months, indicating a 
relevant effect of risdiplam on bulbar function in this patient 
group [17]. Its efficacy in adults with SMA remains unclear. 
Here, we investigated the course of bulbar function in adult 
patients with SMA under risdiplam using two questionnaire-
based measures: the Sydney Swallow Questionnaire (SSQ) 
and the bulbar subscore of the Amyotrophic Lateral Sclerosis 
Functional Rating Scale Revised (b-ALSFRS-R).

Materials and methods

Study design and participants

This study was conducted in the Department of Neurology, 
University Hospital, Essen, Germany. Data were prospec-
tively collected between September 2020 (including patients 
from the Risdiplam Compassionate Use Program) and Octo-
ber 2022. Of 29 patients with molecularly confirmed types 2 
and 3 SMA who had received risdiplam for at least 4 months 
by October 2022, 25 patients with bulbar dysfunction docu-
mented by patient-reported outcome measures before the 
initiation of treatment with risdiplam, without a percuta-
neous enteroscopic gastrostoma, and without prior SMN-
enhancing therapy (nusinersen, onasemnogene abeparvovec) 
were included in the analysis. All patients had a homozygous 
deletion of the SMN1 gene and were non-ambulatory. One 
upward outlier in terms of ambulation status and RULM 
and HFMSE baseline scores were excluded from analyses 

to prevent distortion of the results. The 12-month follow-up 
data were available for the SSQ in 19 patients and for the 
b-ALSFRS-R in 17 patients. Risdiplam was administered 
orally at a dose of 5 mg daily according to the label [18].

Assessment of bulbar function

We used bulbar function items 1–3 of the Amyotrophic Lat-
eral Sclerosis Functional Rating Scale Revised (b-ALSFRS-
R) and the Sydney Swallow Questionnaire (SSQ) to assess 
bulbar function in this study, as published previously for 
patients treated with nusinersen [16]. Data were collected 
during regular follow-up of patients shortly before treatment 
initiation (T0) and at 4 months (T1) and 12 months (T2) 
after treatment initiation. The ALSFRS-R and SSQ are both 
questionnaire-based and were conducted in their German 
version [19, 20].

The SSQ is a patient-reported outcome measure contain-
ing 17 questions designed to assess the subjective severity 
of oropharyngeal dysphagia in several patient populations 
[21]. The SSQ has been found to be reliable, valid, and sen-
sitive in patients with neurogenic, structural, and age-related 
swallowing difficulties [19]. Sixteen items query subjective 
swallowing difficulties, such as bolus consistency and signs 
of penetration, aspiration, and regurgitation. The score pri-
marily reflects the quality of swallowing as perceived by 
patients. One item that assesses the duration of food intake 
was not included in the calculation of the total score because 
it does not specifically reflect swallowing function but rather 
includes the motor function of the upper extremities and may 
vary depending on assistance with food intake. Answers to 
the other 16 items were provided on a visual analog scale 
ranging from 0 to 100. The total score was calculated from 
16 questions as an arithmetic mean of 0–100, with higher 
scores indicating more severe bulbar impairment.

The ALSFRS-R is a widely used and validated rater‐
administered scale to measure physical function and disease 
progression in patients with amyotrophic lateral sclerosis 
(ALS) [22]. It consists of 12 items in four domains, with one 
domain representing bulbar function with 3 items address-
ing speech, salivation, and swallowing. A score of 0–4 is 
assigned to each item, with 0 indicating severe impairment 
and 4 indicating normal function. A possible score of 0–12 is 
obtained for the b-ALSFRS-R, with lower scores indicating 
more severe bulbar impairment.

In addition to the bulbar scores, the HFMSE and RULM 
scores were assessed. Both are established and validated 
tools for evaluating motor function and disease progression 
in patients with SMA types 2 and 3 [23, 24]. The HFMSE 
includes 33 items testing motor function of the extremities, 
trunk, and head, scored from 0–2, resulting in a maximum 
score of 66. Higher scores indicate better motor func-
tion. The RULM assesses upper extremity function using 
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19 items. One item is scored 0 or 1, and the remaining 18 
are scored 0–2 points resulting in a maximum score of 37. 
Again, a higher score indicates better motor function.

Statistical analyses

A Wilcoxon signed-rank test was performed for pre–post 
comparisons of the b-ALSFRS-R, SSQ, HFMSE, and 
RULM scores between T0 and T1 and between T0 and T2. 
In two patients, only the SSQ or only the b-ALSFRS-R were 
available at baseline; in all others, both scores were avail-
able. HFMSE and RULM scores were complete at baseline. 
Missing follow-up data resulted from missed or postponed 
appointments, change of treatment center, or termination 
of therapy and were excluded in the respective pairwise 
comparison. Descriptive statistics summarizing our dataset 
were calculated using all available data at the respective time 
points. Additionally, correlations between the baseline val-
ues of the SSQ and b-ALSFRS-R and those of the HFMSE 
and RULM were calculated using Spearman’s rank corre-
lation coefficient. In exploratory analyses, bulbar function 
scores were correlated with SMN copy number, age, and 
disease duration. The alpha value was set to ≤ 0.05. Figure 1 
visualizes the course of the bulbar scores from T0 to T1 to 
T2 in boxplots with mean lines added.

Results

Table 1 presents the demographic and clinical characteristics 
of the participants.

The SSQ score improved significantly from T0 to T2 
(z = − 2.548, p = 0.011, n = 18), with 15 patients (83%) 

reporting improvement and 3 (17%) reporting a decline 
within this period. There was no significant change in SSQ 
scores from T0 to T1 (z = − 1.625, p = 0.104, n = 22). 14 
(64%) patients reported improvement, 6 (27%) decline, and 
2 (9%) no change in the SSQ score from T0 to T1. For the 
b-ALSFRS-R, the pre–post comparisons revealed no signifi-
cant change from T0 to T1 (z = − 0.775, p = 0.438, n = 22) 
or from T0 to T2 (z = − 1.814, p = 0.07, n = 17). From T0 
to T1, 9 (41%) patients reported improvement, and 4 (18%) 
decline while in 9 (41%) patients, the b-ALSFRS-R score 
remained unchanged from T0 to T1. From T0 to T2, the 
b-ALSFRS-R improved in 8 (47%) patients, worsened in 3 
(18%) patients, and remained unchanged in 6 (35%) patients. 
Analysis of motor scores revealed a significant improvement 
in the RULM Score from T0 to T2 (z = 2.359, p = 0.018, 
n = 19). No significant improvement was found in the RULM 
Score from T0 to T1, or in the HFMSE Score from T0 to T1 
and T0 to T2. The measures of the central tendency and dis-
persion of the SSQ, b-ALSFRS-R and motor Scores HFMSE 
and RULM at T0, T1, and T2 are presented in Table 2. Data 
distribution and results of the paired comparisons are shown 
in Fig. 1.

Correlation analyses between baseline bulbar func-
tion measurements and baseline motor scores showed a 
significant positive correlation between the b-ALSFRS-
R and the HFMSE (r = 0.444, p = 0.030, n = 24) and 
RULM (r = 0.525, p = 0.008, n = 24). There were no sig-
nificant correlations between the SSQ and the extremity 
scores HFMSE (r = − 0.138, p = 0.521, n = 24) or RULM 
(r = − 0.104, p = 0.628, n = 24). The two bulbar scores 
were negatively correlated (r = − 0.558, p = 0.006, n = 23). 
Correlational analyses did not reveal associations between 
the bulbar scores and age, SMN2 copy number, or disease 

Fig. 1   Measures of central tendency and dispersion and the mean 
SSQ and b-ALSFRS-R scores at T0, T1, and T2. The boxes are 
defined by the upper and lower quartiles. The median is marked as 
a continuous line in the box. The length of the whiskers is limited 
to a maximum of 1.5 times the interquartile range. Data points out-
side this range are marked as circles. Crosses represent the respec-
tive arithmetic means. Significant differences based on a significance 
level of α = 0.05 and calculated with the Wilcoxon signed-rank test 

are indicated by an asterisk *. Description: The mean SSQ values 
decrease from T0 to T1 and further to T2. The median values are 
lower than the mean scores for each time point. The difference in the 
SSQ between T0 and T2 is marked as significant. The mean b-ALS-
FRS-R values increase from T0 to T1 and further to T2. The median 
value is lower than the mean value at T0 and higher than the mean 
value at T1 and T2
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duration, whereas the HFMSE and RULM baseline scores 
were negatively correlated with age and disease duration. 
The results of the correlation analyses are presented in 
Table 3.

Table 1   Demographic and clinical characteristics of all patients (n = 25)

sd = standard deviation

Sex Male (%) Female (%)

11 (44) 14 (56)

SMA type 2 (%) 3 (%)

24 (96) 1 (4)

SMN2 copy number 2 (%) 3 (%)

3 (12) 22 (88)

Clinical classification Sitter (%) Non-sitter (%)

17 (68) 8 (32)

Spondylodesis Yes (%) No (%)

14 (56) 11 (44)

Non-invasive ventilation Yes (%) No (%)

10 (40) 15 (60)

Mean (sd) Minimum Maximum

Age 34.32 (11.31) 19 58
Disease duration in years 32.08 (10.81) 17.6 56.9
Baseline HFMSE score 1.96 (2.32) 0 11
Baseline RULM score 8.84 (5.11) 0 16
Baseline Body Mass Index 19.70 (6.0) 8.9 32.9
Vital capacity in litres 0.98 (0.64) 0.25 2.76

Table 2   Descriptive statistics 
for the b-ALSFRS-R, SSQ 
and motor scores HFMSE and 
RULM at T0 (baseline), T1 (4 
months), and T2 (12 months)

sd = standard deviation

n Mean (sd) Minimum Maximum Lower quartile Median Upper quartile

b-ALSFRS-R (0–12)
 T0 24 10.13 (1.33) 6 12 10 10 11
 T1 22 10.27 (1.67) 6 12 9.5 11 11.3
 T2 17 10.41 (1.54) 6 12 10 11 11.5

SSQ (0–100)
 T0 24 19.52 (16.43) 0 65 6.0 14.4 29.6
 T1 23 17.41 (16.93) 0 65 4.9 11.3 30.0
 T2 19 15.55 (18.59) 0 58.1 0.0 7.5 35.6

HFMSE (0–66)
 T0 25 1.96 (2.32) 0 11 0.5 1 2.5
 T1 23 2.13 (2.12) 0 8 0 2 3
 T2 19 2.26 (2.35) 0 7 0 2 4

RULM (0–37)
 T0 25 8.84 (5.11) 0 16 5.5 9 13
 T1 23 9.30 (5.28) 0 15 7 10 14
 T2 19 9.16 (5.73) 0 16 6 10 15
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Discussion

Subjective swallowing quality, as measured by the SSQ, 
improved in adult non-ambulatory patients with SMA types 
2 and 3 after 12 months of treatment with risdiplam. A trend 
towards improvement was found using the bulbar subscore 
of the ALS-FRS-R. This is the first study to investigate bul-
bar function of adult patients with SMA under risdiplam 
treatment.

Bulbar impairment frequently occurs in adult patients 
with SMA but is more likely to be present in severely 
affected patients and in patients with an advanced disease 
[14, 16]. Rates of feeding and/or swallowing difficulties are 
reported in 30–50% of SMA type 2 and 3 patients, with rates 
being comparatively higher in type 2 patients [13]. Because 
only patients with reported swallowing dysfunction were 
included in this study, our sample consisted almost entirely 
of patients with type 2 SMA. The first available intrathecal 
therapy with nusinersen can be difficult to perform, espe-
cially in severely affected patients with scoliosis and spon-
dylodesis, and constitutes relevant radiation exposure due 
to the need for CT-guided punctures in this patient group 
[25]. Consequently, in countries with access to all treatment 
options, a large proportion of such patients are assigned to 
risdiplam therapy, which is reflected in our sample’s high 
proportion of patients with spondylodesis. Real-world as 
well as pivotal study populations of adult SMA patients 
receiving risdiplam are, on average, in a more severe dis-
ease stage than those receiving nusinersen, reflected by a 
predominance of type 2 SMA and lower RULM and espe-
cially HFMSE baseline scores. This was also the case in 
the CHERISH and SUNFISH pivotal trials on the late-onset 
forms of SMA under nusinersen and risdiplam, respectively 
[26, 27].

HFMSE and RULM scores were lower in our sample than 
in comparable studies investigating adult SMA patients, 
such as real-world studies on nusinersen [9, 10], indicating 
the advanced disease stage in a real-world setting of adult 
SMA type 2 and 3 patients with bulbar impairment. Motor 
scores were also lower than those in our previous study on 
bulbar function of adult type 2 and 3 SMA patients treated 

with nusinersen, which we conducted using the same study 
approach [16]. While the average age of 34 years in this ris-
diplam cohort and 38 years in our former nusinersen cohort 
as well as the disease duration with an average of 32 and 
38 years were very similar, the motor level with a base-
line HMFSE score of 1.96 and RULM score of 8.84 in this 
risdiplam cohort was considerably lower than that of our 
nusinersen cohort with an HFMSE score of 8.57 and RULM 
score of 12.65. Comparable studies addressing adult patients 
with SMA under treatment with risdiplam are not yet avail-
able. In the pivotal SUNFISH study, which included patients 
with type 2 and 3 SMA, the proportion of adult patients was 
small and significantly younger. The baseline motor scores 
were also higher in that study [27]. The improvement in the 
RULM score that we observed after 12 months of risdiplam 
therapy was significant; however, with a mean difference of 
0.3 points, it was small and not considered clinically mean-
ingful [28], aligning with the low baseline motor level of 
the selected study cohort. Considering the above-mentioned 
sample characteristics, it is noteworthy that an improvement 
in swallowing quality could still be observed with risdiplam, 
despite the advanced and severe disease stage of the patients 
in our study. We did not find any improvement but preserved 
bulbar function after treatment with nusinersen in our earlier 
investigation using the same measures [16]. However, it is 
unclear to what extent a lack of improvement here can be 
attributed to the effectiveness of a therapy or to the patients’ 
limited capacity to improve. Further data on bulbar function 
in adult patients with SMA under gene-based therapies are 
scarce. Data available for nusinersen also support an overall 
positive effect on bulbar symptoms in adult patients with 
SMA, yet not as clearly and robustly [29–32]. A direct com-
parison of both therapies is challenging due to the significant 
differences in the clinical features of the two patient groups.

Reliable data on the natural history of bulbar function in 
adult patients with SMA that would allow a more precise 
interpretation of our findings are not available. SMA is a 
chronic progressive disease throughout adulthood, with a 
decline in motor scores over months or years, depending on 
the clinical type and age of the patients [6, 33, 34]. Bulbar 
dysfunction often progresses rapidly in untreated patients 

Table 3   Spearman correlations for baseline bulbar and extremity motor scores, SMN2 copy number, age, and disease duration

Two-tailed significance is given in parentheses. Significant correlations based on a significance level of α = 0.05 and calculated using Spear-
man’s rank correlation coefficient are indicated by an asterisk *

Age SMN2 copy number Disease duration in 
years

Baseline b-ALS-
FRS-R

Baseline SSQ Baseline HFMSE

Baseline b-ALS-
FRS-R

− 0.248 (0.243) − 0.197 (0.355) − 0.272 (0.198)

Baseline SSQ − 0.092 (0.670) 0.282 (0.182) − 0.011 (0.961) *− 0.558 (0.006)
Baseline HFMSE *− 0.597 (0.002) 0.272 (0.189) *− 0.592 (0.002) *0.444 (0.030) − 0.138 (0.521)
Baseline RULM *− 0.453 (0.023) − 0.077 (0.714) *− 0.474 (0.019) *0.525 (0.008) − 0.104 (0.628) *0.678 (< 0.001)
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with type 1 SMA, who regularly switch from oral feeding to 
alternative nutrition during the natural disease course [14]. 
In milder phenotypes, bulbar symptoms often occur later 
during the course of the disease [35].

To assess bulbar function, we chose the SSQ and b-ALS-
FRS-R, which have already been used to evaluate bulbar 
function in adult patients with SMA treated with nusinersen 
[16]. The SSQ is a questionnaire to detect oropharyngeal 
dysphagia of various causes and allows for a standardized 
and patient-centered assessment of the severity of bulbar 
dysfunction and swallowing quality. It is easy to obtain and 
has been shown to be applicable for screening oropharyn-
geal dysphagia in several neuromuscular diseases [36]. It 
has also been shown to be useful in detecting dysphagia 
in adult patients with Duchenne muscular dystrophy and 
ALS [37, 38]. For SMA and other motor neuron diseases, 
the scores of most individual items correlated with the total 
SSQ score [36]. While the SSQ assesses swallowing in 
detail, other bulbar components, such as speech and saliva-
tion, are not directly addressed [21]. Therefore, this score 
does not cover the entire bulbar spectrum. Components 
such as the mandibular range of motion, masticatory and 
tongue forces, and head posture, identified as relevant bulbar 
function components in previous studies [15, 39–41], are 
only indirectly assessed. As a complement, the b-ALSFRS-
R assesses speech, salivation, and swallowing using one 
item each. Like the SSQ, it is a patient-reported outcome 
measure. The separate consideration of different subscores 
of the ALSFRS-R enables precise assessment of different 
functional domains [42]. While primarily used for ALS, 
the ALSFRS-R has been regularly applied and validated for 
the clinical assessment of SMA patients [11, 43, 44]. The 
SMA Functional Rating Scale (SMA-FRS) was developed 
specifically for SMA but disregards bulbar function [45]. 
The broader measurement of bulbar function by the b-ALS-
FRS-R score compared to the SSQ may explain why we 
did not find a significant improvement in this score over the 
12-month observation period. The different resolutions and 
variabilities of the two scores can also affect their correlation 
with the baseline motor scores, which were significant for 
the b-ALSFRS-R, but not for the SSQ. However, the correla-
tion between the two bulbar scores supports the consistency 
in their evaluation of bulbar function.

Reports on pathophysiological correlates of bulbar 
impairment in patients with SMA comprise a variety of 
examination methods and underlying mechanisms ranging 
from mere morphological changes to altered function of 
the infra- and suprahyoidal as well as masticatory muscles, 
nasopharynx, and laryngeal closure to bolus transport and 
transit into the esophagus [14]. The regulation of such pro-
cesses is very complex and involves areas of the brainstem 
and motor neurons within the trigeminal, facial, and hypo-
glossal motor nuclei, the nucleus ambiguus and vagus, and 

the cervical myelon [46]. Risdiplam might positively affect 
these involved components despite already advanced neu-
ronal degeneration. Thinking about possible explanations, 
one advantage of risdiplam in this regard could be its sys-
temic distribution and increased SMN protein concentration 
in the central nervous system as well as in peripheral tissues, 
including muscles [47]. This might also positively influence 
neuromuscular junction dysfunction, which appears to play 
a role in SMA pathogenesis and is often associated with 
bulbar symptoms, for example in myasthenia gravis [48]. 
However, these are purely hypothetical thoughts without our 
results being sufficient to prove such associations.

Some limitations should be considered when evaluating 
the results of this study. The study's statistical power was 
limited due to the sample size of 25 patients and the recruit-
ment of patients at a single site. Nonetheless, assessment 
and treatment standards, including additional speech and 
physical therapy, were consistent and uniform. The observa-
tion period covered only 12 months for a slowly progressive 
disease that had already lasted for several years on average, 
leaving it unclear how bulbar function will develop over a 
longer period. However, long-term improvements in motor 
function have been observed following gene-based therapies 
in adults with SMA [49]. The SSQ has not yet been vali-
dated specifically for SMA. It was selected in addition to the 
b-ALSFRS-R based on the aforementioned considerations. 
Both measuring tools are patient-reported outcome measures 
and are thus limited in their objectivity and could be biased 
by patients' expectations of a new therapy. Furthermore, 
a recent study assessing oro-bulbar involvement in adults 
and children with SMA using objective measures such as 
lip and tongue strength and mouth opening revealed that 
patients´ perception of bulbar function often differs from 
objectifiable deficits, some of which are not subjectively per-
ceived by patients [32]. This limits the interpretability of 
patient-reported outcome measures in this field. The poten-
tial impact of enhanced neck muscle strength and improved 
posture, aspects that were not specifically examined, on the 
quality of swallowing cannot be ruled out. However, the lack 
of meaningful improvement in general motor scores miti-
gates this assumption.

Our findings provide considerations for future research 
in this field. Concerning the limited objectivity of the 
measures of bulbar function we used, it seems that com-
bining more objective measuring methods would be ben-
eficial for validating the data. For this purpose, instrumen-
tal examinations, such as measuring bite force and mouth 
opening, videofluoroscopic examination using flexible 
endoscopic evaluation of swallowing (FEES), and image-
based methods, including real-time MRI, might be useful 
[29, 50]. However, some assessments require consider-
able effort to conduct and evaluate. Preferably, assess-
ments should be quick and easy for patients to perform. 
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A recent study in a large sample revealed maximum bite 
force, tongue pressure, and mouth opening as objective 
measures that can not only discriminate between healthy 
individuals and SMA patients but also between different 
SMA types [29]. Further multicenter studies with larger 
sample sizes and longer observation periods are required 
to strengthen our conclusions. A direct comparison of the 
available gene-based therapies with respect to their effects 
on bulbar function in adults could improve our understand-
ing of therapy and individualized management.

Conclusion

We demonstrated an improvement in subjective swal-
lowing quality, as measured by the SSQ, over 12 months 
of risdiplam therapy in SMA patients with an advanced 
disease stage. This suggests that risdiplam has a particu-
larly positive effect on bulbar function. It will be of great 
importance in clinical practice as well as in future studies 
to assess bulbar function in addition to the established 
motor scores to reveal additional meaningful treatment 
effects, especially in severely affected patients, and to sup-
port more individualized therapeutic decision-making. The 
SSQ and b-ALSFRS-R have been shown to be suitable and 
easy to apply but may be supplemented by more objective 
assessments of bulbar function in the future.

Author contributions  Conceptualization: SB, TH, and CK; methodol-
ogy: SB and TH; formal analysis: SB and TH; investigation: SB, JL, 
MS, and TH; resources: SB, JL, MS, and TH; writing—original draft 
preparation: SB; writing—review and editing: SB, JL, MS, TH, and 
CK. All authors have read and agreed to the published version of the 
manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Data availability  The data presented in this study are available on 
request from the corresponding author.

Declarations 

Conflicts of interest  S.B. has no conflicts of interest. J.L. has no con-
flicts of interest. M.S. has no conflicts of interest. C.K. received lecture 
and consultancy fees from Biogen, Roche, and Novartis. T.H. received 
lecture and consultancy fees from Biogen, Roche and Novartis, as well 
as research support from Biogen, Roche, and Novartis Gene Therapies. 
The funders had no role in the design of this study; in the collection, 
analyses, or interpretation of data; in the writing of the manuscript, or 
in the decision to publish the results.

Ethics approval  The study was conducted according to the guidelines 
of the Declaration of Helsinki and was approved by the local ethics 
committee of the University of Duisburg, Essen, Germany (approval 
number: 18-8071-BO).

Ethical consent  All patients provided written informed consent prior 
to inclusion in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Lefebvre S, Bürglen L, Reboullet S et al (1995) Identification 
and characterization of a spinal muscular atrophy-determining 
gene. Cell 80:155–165. https://​doi.​org/​10.​1016/​0092-​8674(95)​
90460-3

	 2.	 Kolb SJ, Battle DJ, Dreyfuss G (2007) Molecular functions of 
the SMN complex. J Child Neurol 22:990–994. https://​doi.​org/​
10.​1177/​08830​73807​305666

	 3.	 Lefebvre S, Burlet P, Liu Q et al (1997) Correlation between 
severity and SMN protein level in spinal muscular atrophy. Nat 
Genet 16:265–269. https://​doi.​org/​10.​1038/​ng0797-​265

	 4.	 Russman BS (2007) Spinal muscular atrophy: clinical classifi-
cation and disease heterogeneity. J Child Neurol 22:946–951. 
https://​doi.​org/​10.​1177/​08830​73807​305673

	 5.	 Calucho M, Bernal S, Alías L et al (2018) Correlation between 
SMA type and SMN2 copy number revisited: An analysis of 625 
unrelated Spanish patients and a compilation of 2834 reported 
cases. Neuromuscul Disord NMD 28:208–215. https://​doi.​org/​
10.​1016/j.​nmd.​2018.​01.​003

	 6.	 Wadman RI, Wijngaarde CA, Stam M et  al (2018) Muscle 
strength and motor function throughout life in a cross-sectional 
cohort of 180 patients with spinal muscular atrophy types 1c–4. 
Eur J Neurol 25:512–518. https://​doi.​org/​10.​1111/​ene.​13534

	 7.	 Wurster CD, Ludolph AC (2018) Nusinersen for spinal muscu-
lar atrophy. Ther Adv Neurol Disord 11:1756285618754459. 
https://​doi.​org/​10.​1177/​17562​85618​754459

	 8.	 Singh RN, Ottesen EW, Singh NN (2020) The first orally deliv-
erable small molecule for the treatment of spinal muscular atro-
phy. Neurosci Insights 15:2633105520973985. https://​doi.​org/​
10.​1177/​26331​05520​973985

	 9.	 Hagenacker T, Wurster CD, Günther R et al (2020) Nusinersen 
in adults with 5q spinal muscular atrophy: a non-interventional, 
multicentre, observational cohort study. Lancet Neurol 19:317–
325. https://​doi.​org/​10.​1016/​S1474-​4422(20)​30037-5

	10.	 Maggi L, Bello L, Bonanno S et al (2020) Nusinersen safety and 
effects on motor function in adult spinal muscular atrophy type 
2 and 3. J Neurol Neurosurg Psychiatry 91:1166–1174. https://​
doi.​org/​10.​1136/​jnnp-​2020-​323822

	11.	 Walter MC, Wenninger S, Thiele S et al (2019) Safety and 
treatment effects of nusinersen in longstanding adult 5q-SMA 
type 3—a prospective observational study. J Neuromuscul Dis 
6:453–465. https://​doi.​org/​10.​3233/​JND-​190416

	12.	 Mercuri E, Deconinck N, Mazzone ES et al (2022) Safety and 
efficacy of once-daily risdiplam in type 2 and non-ambulant 
type 3 spinal muscular atrophy (SUNFISH part 2): a phase 
3, double-blind, randomised, placebo-controlled trial. Lancet 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/0092-8674(95)90460-3
https://doi.org/10.1016/0092-8674(95)90460-3
https://doi.org/10.1177/0883073807305666
https://doi.org/10.1177/0883073807305666
https://doi.org/10.1038/ng0797-265
https://doi.org/10.1177/0883073807305673
https://doi.org/10.1016/j.nmd.2018.01.003
https://doi.org/10.1016/j.nmd.2018.01.003
https://doi.org/10.1111/ene.13534
https://doi.org/10.1177/1756285618754459
https://doi.org/10.1177/2633105520973985
https://doi.org/10.1177/2633105520973985
https://doi.org/10.1016/S1474-4422(20)30037-5
https://doi.org/10.1136/jnnp-2020-323822
https://doi.org/10.1136/jnnp-2020-323822
https://doi.org/10.3233/JND-190416


2656	 Journal of Neurology (2024) 271:2649–2657

Neurol 21:42–52. https://​doi.​org/​10.​1016/​S1474-​4422(21)​
00367-7

	13.	 Chen Y-S, Shih H-H, Chen T-H et al (2012) Prevalence and risk 
factors for feeding and swallowing difficulties in spinal muscu-
lar atrophy types II and III. J Pediatr 160:447-451.e1. https://​
doi.​org/​10.​1016/j.​jpeds.​2011.​08.​016

	14.	 McGrattan KE, Graham RJ, DiDonato CJ, Darras BT (2021) 
Dysphagia phenotypes in spinal muscular atrophy: the past, 
present, and promise for the future. Am J Speech Lang Pathol 
30:1008–1022. https://​doi.​org/​10.​1044/​2021_​AJSLP-​20-​00217

	15.	 van Bruggen HW, Wadman RI, Bronkhorst EM et al (2016) 
Mandibular dysfunction as a reflection of bulbar involvement 
in SMA type 2 and 3. Neurology 86:552–559. https://​doi.​org/​
10.​1212/​WNL.​00000​00000​002348

	16.	 Brakemeier S, Stolte B, Thimm A et al (2021) Assessment of 
bulbar function in adult patients with 5q-SMA type 2 and 3 
under treatment with nusinersen. Brain Sci 11:1244. https://​doi.​
org/​10.​3390/​brain​sci11​091244

	17.	 Baranello G, Darras BT, Day JW et al (2021) Risdiplam in type 
1 spinal muscular atrophy. N Engl J Med 384:915–923. https://​
doi.​org/​10.​1056/​NEJMo​a2009​965

	18.	 European Medicines Agency (2021) Product information 
Evrysdi. European Medicines Agency website. https://​www.​
ema.​europa.​eu/​en/​docum​ents/​produ​ct-​infor​mation/​evrys​di-​epar-​
produ​ct-​infor​mation_​en.​pdf. Accessed 23 Aug 2023

	19.	 Bohlender JE, Frick S, Colotto U et al (2021) The German syd-
ney swallow questionnaire: reliability and validity in patients 
with oropharyngeal dysphagia. HNO 69:969–977. https://​doi.​
org/​10.​1007/​s00106-​021-​01000-9

	20.	 Abdulla S, Vielhaber S, Körner S et al (2013) Validation of the 
German version of the extended ALS functional rating scale as 
a patient-reported outcome measure. J Neurol 260:2242–2255. 
https://​doi.​org/​10.​1007/​s00415-​013-​6955-6

	21.	 Wallace KL, Middleton S, Cook IJ (2000) Development and val-
idation of a self-report symptom inventory to assess the severity 
of oral-pharyngeal dysphagia. Gastroenterology 118:678–687. 
https://​doi.​org/​10.​1016/​s0016-​5085(00)​70137-5

	22.	 Cedarbaum JM, Stambler N, Malta E et al (1999) The ALS-
FRS-R: a revised ALS functional rating scale that incorporates 
assessments of respiratory function. BDNF ALS Study Group 
(Phase III). J Neurol Sci 169:13–21. https://​doi.​org/​10.​1016/​
s0022-​510x(99)​00210-5

	23.	 Pera MC, Coratti G, Forcina N et al (2017) Content validity 
and clinical meaningfulness of the HFMSE in spinal mus-
cular atrophy. BMC Neurol 17:39. https://​doi.​org/​10.​1186/​
s12883-​017-​0790-9

	24.	 Mazzone ES, Mayhew A, Montes J et al (2017) Revised upper 
limb module for spinal muscular atrophy: development of a new 
module. Muscle Nerve 55:869–874. https://​doi.​org/​10.​1002/​
mus.​25430

	25.	 Stolte B, Totzeck A, Kizina K et  al (2018) Feasibility and 
safety of intrathecal treatment with nusinersen in adult 
patients with spinal muscular atrophy. Ther Adv Neurol Disord 
11:1756286418803246. https://​doi.​org/​10.​1177/​17562​86418​
803246

	26.	 Mercuri E, Darras BT, Chiriboga CA et al (2018) Nusinersen 
versus sham control in later-onset spinal muscular atrophy. N 
Engl J Med 378:625–635. https://​doi.​org/​10.​1056/​NEJMo​a1710​
504

	27.	 Roche (2023) Later-Onset SMA Efficacy Results in Clinical Tri-
als & Studies|Evrysdi® (risdiplam). Evrysdi information web-
site by Genentech USA. https://​www.​evrys​di-​hcp.​com/​resul​ts/​
in-​later-​onset-​sma.​html. Accessed 23 Aug 2023

	28.	 Stolte B, Bois J-M, Bolz S et  al (2020) Minimal clinically 
important differences in functional motor scores in adults with 

spinal muscular atrophy. Eur J Neurol 27:2586–2594. https://​
doi.​org/​10.​1111/​ene.​14472

	29.	 Kruse T, Heller R, Wirth B et al (2020) Maximum bite force 
in patients with spinal muscular atrophy during the first year of 
nusinersen therapy—a pilot study. Acta Myol 39:83–89. https://​
doi.​org/​10.​36185/​2532-​1900-​010

	30.	 Duong T, Wolford C, McDermott MP et al (2021) Nusinersen 
treatment in adults with spinal muscular atrophy. Neurol Clin 
Pract 11:e317–e327. https://​doi.​org/​10.​1212/​CPJ.​00000​00000​
001033

	31.	 Chen E, Dixon S, Naik R et al (2021) Early experiences of 
nusinersen for the treatment of spinal muscular atrophy: results 
from a large survey of patients and caregivers. Muscle Nerve 
63:311–319. https://​doi.​org/​10.​1002/​mus.​27116

	32.	 Trucco F, Salmin F, Lizio A et  al (2023) Assessing preva-
lence and characteristics of oro-bulbar involvement in chil-
dren and adults with SMA Type 2 and 3 using a multimodal 
approach. Dysphagia 38:1568–1580. https://​doi.​org/​10.​1007/​
s00455-​023-​10584-z

	33.	 Kaufmann P, McDermott MP, Darras BT et al (2012) Prospec-
tive cohort study of spinal muscular atrophy types 2 and 3. 
Neurology 79:1889–1897. https://​doi.​org/​10.​1212/​WNL.​0b013​
e3182​71f7e4

	34.	 Annoussamy M, Seferian AM, Daron A et al (2020) Natural 
history of Type 2 and 3 spinal muscular atrophy: 2-year NatHis-
SMA study. Ann Clin Transl Neurol 8:359–373. https://​doi.​org/​
10.​1002/​acn3.​51281

	35.	 Messina S, Pane M, De Rose P et al (2008) Feeding problems 
and malnutrition in spinal muscular atrophy type II. Neuro-
muscul Disord NMD 18:389–393. https://​doi.​org/​10.​1016/j.​
nmd.​2008.​02.​008

	36.	 Audag N, Liistro G, Goubau C et al (2021) Screening for oro-
pharyngeal dysphagia in adult patients with neuromuscular dis-
eases using the Sydney Swallow Questionnaire. Muscle Nerve 
64:277–284. https://​doi.​org/​10.​1002/​mus.​27254

	37.	 Adamske D, Heyduck A, Weidenmüller M et al (2021) Dys-
phagia in amyotrophic lateral sclerosis: quantification of bulbar 
motor dysfunction. J Oral Rehabil 48:1044–1049. https://​doi.​
org/​10.​1111/​joor.​13220

	38.	 Archer SK, Garrod R, Hart N, Miller S (2013) Dysphagia in 
Duchenne muscular dystrophy assessed by validated question-
naire. Int J Lang Commun Disord 48:240–246. https://​doi.​org/​
10.​1111/j.​1460-​6984.​2012.​00197.x

	39.	 van den Engel-Hoek L, Erasmus CE, van Bruggen HW et al 
(2009) Dysphagia in spinal muscular atrophy type II: more than 
a bulbar problem? Neurology 73:1787–1791. https://​doi.​org/​10.​
1212/​WNL.​0b013​e3181​c34aa6

	40.	 Wadman RI, van Bruggen HW, Witkamp TD et al (2014) Bulbar 
muscle MRI changes in patients with SMA with reduced mouth 
opening and dysphagia. Neurology 83:1060–1066. https://​doi.​
org/​10.​1212/​WNL.​00000​00000​000796

	41.	 Kruse T, Shamai S, Leflerovà D et al (2023) Objective meas-
urement of oral function in adults with spinal muscular atro-
phy. Orphanet J Rare Dis 18:103. https://​doi.​org/​10.​1186/​
s13023-​023-​02688-4

	42.	 Rooney J, Burke T, Vajda A et al (2017) What does the ALS-
FRS-R really measure? A longitudinal and survival analysis of 
functional dimension subscores in amyotrophic lateral sclerosis. 
J Neurol Neurosurg Psychiatry 88:381–385. https://​doi.​org/​10.​
1136/​jnnp-​2016-​314661

	43.	 Wurster CD, Steinacker P, Günther R et al (2020) Neurofilament 
light chain in serum of adolescent and adult SMA patients under 
treatment with nusinersen. J Neurol 267:36–44. https://​doi.​org/​
10.​1007/​s00415-​019-​09547-y

	44.	 Vázquez-Costa JF, Povedano M, Nascimiento-Osorio AE 
et al (2022) Validation of motor and functional scales for the 

https://doi.org/10.1016/S1474-4422(21)00367-7
https://doi.org/10.1016/S1474-4422(21)00367-7
https://doi.org/10.1016/j.jpeds.2011.08.016
https://doi.org/10.1016/j.jpeds.2011.08.016
https://doi.org/10.1044/2021_AJSLP-20-00217
https://doi.org/10.1212/WNL.0000000000002348
https://doi.org/10.1212/WNL.0000000000002348
https://doi.org/10.3390/brainsci11091244
https://doi.org/10.3390/brainsci11091244
https://doi.org/10.1056/NEJMoa2009965
https://doi.org/10.1056/NEJMoa2009965
https://www.ema.europa.eu/en/documents/product-information/evrysdi-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/evrysdi-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/evrysdi-epar-product-information_en.pdf
https://doi.org/10.1007/s00106-021-01000-9
https://doi.org/10.1007/s00106-021-01000-9
https://doi.org/10.1007/s00415-013-6955-6
https://doi.org/10.1016/s0016-5085(00)70137-5
https://doi.org/10.1016/s0022-510x(99)00210-5
https://doi.org/10.1016/s0022-510x(99)00210-5
https://doi.org/10.1186/s12883-017-0790-9
https://doi.org/10.1186/s12883-017-0790-9
https://doi.org/10.1002/mus.25430
https://doi.org/10.1002/mus.25430
https://doi.org/10.1177/1756286418803246
https://doi.org/10.1177/1756286418803246
https://doi.org/10.1056/NEJMoa1710504
https://doi.org/10.1056/NEJMoa1710504
https://www.evrysdi-hcp.com/results/in-later-onset-sma.html
https://www.evrysdi-hcp.com/results/in-later-onset-sma.html
https://doi.org/10.1111/ene.14472
https://doi.org/10.1111/ene.14472
https://doi.org/10.36185/2532-1900-010
https://doi.org/10.36185/2532-1900-010
https://doi.org/10.1212/CPJ.0000000000001033
https://doi.org/10.1212/CPJ.0000000000001033
https://doi.org/10.1002/mus.27116
https://doi.org/10.1007/s00455-023-10584-z
https://doi.org/10.1007/s00455-023-10584-z
https://doi.org/10.1212/WNL.0b013e318271f7e4
https://doi.org/10.1212/WNL.0b013e318271f7e4
https://doi.org/10.1002/acn3.51281
https://doi.org/10.1002/acn3.51281
https://doi.org/10.1016/j.nmd.2008.02.008
https://doi.org/10.1016/j.nmd.2008.02.008
https://doi.org/10.1002/mus.27254
https://doi.org/10.1111/joor.13220
https://doi.org/10.1111/joor.13220
https://doi.org/10.1111/j.1460-6984.2012.00197.x
https://doi.org/10.1111/j.1460-6984.2012.00197.x
https://doi.org/10.1212/WNL.0b013e3181c34aa6
https://doi.org/10.1212/WNL.0b013e3181c34aa6
https://doi.org/10.1212/WNL.0000000000000796
https://doi.org/10.1212/WNL.0000000000000796
https://doi.org/10.1186/s13023-023-02688-4
https://doi.org/10.1186/s13023-023-02688-4
https://doi.org/10.1136/jnnp-2016-314661
https://doi.org/10.1136/jnnp-2016-314661
https://doi.org/10.1007/s00415-019-09547-y
https://doi.org/10.1007/s00415-019-09547-y


2657Journal of Neurology (2024) 271:2649–2657	

evaluation of adult patients with 5q spinal muscular atrophy. 
Eur J Neurol 29:3666–3675. https://​doi.​org/​10.​1111/​ene.​15542

	45.	 Elsheikh B, Prior T, Zhang X et al (2009) An analysis of disease 
severity based on SMN2 copy number in adults with spinal 
muscular atrophy. Muscle Nerve 40:652–656. https://​doi.​org/​
10.​1002/​mus.​21350

	46.	 Jean A (2001) Brain stem control of swallowing: neuronal net-
work and cellular mechanisms. Physiol Rev 81:929–969. https://​
doi.​org/​10.​1152/​physr​ev.​2001.​81.2.​929

	47.	 Poirier A, Weetall M, Heinig K et al (2018) Risdiplam distrib-
utes and increases SMN protein in both the central nervous sys-
tem and peripheral organs. Pharmacol Res Perspect 6:e00447. 
https://​doi.​org/​10.​1002/​prp2.​447

	48.	 Wadman RI, Vrancken AF, van den Berg LH, van der Pol WL 
(2012) Dysfunction of the neuromuscular junction in spinal 

muscular atrophy types 2 and 3. Neurology 79:2050–2055. 
https://​doi.​org/​10.​1212/​WNL.​0b013​e3182​749eca

	49.	 Pechmann A, Behrens M, Dörnbrack K et al (2023) Improve-
ments in walking distance during nusinersen treatment—a pro-
spective 3-year SMArtCARE registry study. J Neuromuscul Dis 
10:29–40. https://​doi.​org/​10.​3233/​JND-​221600

	50.	 Voskuilen L, Schoormans J, Gurney-Champion OJ et al (2022) 
Dynamic MRI of swallowing: real-time volumetric imaging at 
12 frames per second at 3 T. Magma N Y N 35:411–419. https://​
doi.​org/​10.​1007/​s10334-​021-​00973-6

https://doi.org/10.1111/ene.15542
https://doi.org/10.1002/mus.21350
https://doi.org/10.1002/mus.21350
https://doi.org/10.1152/physrev.2001.81.2.929
https://doi.org/10.1152/physrev.2001.81.2.929
https://doi.org/10.1002/prp2.447
https://doi.org/10.1212/WNL.0b013e3182749eca
https://doi.org/10.3233/JND-221600
https://doi.org/10.1007/s10334-021-00973-6
https://doi.org/10.1007/s10334-021-00973-6

	Risdiplam improves subjective swallowing quality in non-ambulatory adult patients with 5q-spinal muscular atrophy despite advanced motor impairment
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design and participants
	Assessment of bulbar function
	Statistical analyses

	Results
	Discussion
	Conclusion
	References




