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Objective: We aimed to analyze prepulse inhibition (PPI) impairment of the blink reflex in patients with primary blepharospasm (BSP).

Methods: We recruited 30 BSP patients and 20 gender- and age-matched healthy controls (HCs). Weak electrical stimulation was applied to the right index finger at interstimulus intervals (ISIs) of 120, 200, and 300 ms before the supraorbital nerve stimulation to investigate PPI size [PPI size = (1 – R2 area at prepulse trials/R2 area at baseline trials) × 100%].

Results: The prepulse stimulus significantly inhibited the R2 component at the three ISIs in both groups, but less inhibition was shown in the BSP group (p < 0.05). In HCs, the prepulse stimulus induced prolonged R2 and R2c latencies at the three ISIs and increased the R1 amplitude at ISIs of 120 ms; these changes were absent in BSP patients. In the BSP group, patients with sensory tricks showed better PPI than patients without sensory tricks. Disease duration and motor symptom severity showed no significant correlation with PPI size.

Conclusion: In BSP patients, PPI was impaired while R1 facilitation was absent. PPI size did not correlate with the motor symptom severity and disease duration. Patients with sensory tricks showed better PPI than those without sensory tricks.
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1. Introduction

Primary blepharospasm (BSP) is a common focal dystonia disorder characterized by intermittent or persistent involuntary eye closure (1). Although recognized as a movement disorder, various studies have shown that abnormal sensory processing plays an important role in the pathophysiology of BSP (2). Local sensory symptoms, such as burning sensation in the eye, photophobia and dry eye, may precede the onset of motor symptoms (3). Patients with BSP show an increased somatosensory temporal discrimination threshold (STDT) (4). The increased STDT values remain unmodified with worsened disease severity (5). Sensory tricks, also called “geste antagoniste,” are voluntary maneuvers that alleviate the severity of abnormal movement or postures in dystonia patients (6). Sensory tricks are a cardinal feature of many forms of focal dystonia, especially common in cervical dystonia but also present in BSP, oromandibular dystonia, and writer's cramp (7). According to a survey, sensory tricks can occur in up to 71.2% of patients with BSP (8). A more frequently reported trick is using the index finger and/or thumb to touch the upper eyelid (6). Other tricks include wearing tinted lenses, singing, talking, or chewing gum (9). In animal experiments, altering the sensory input by a peripheral injury can elicit involuntary blinking and eyelid spasms in predisposed animals (10), further indicating the regulatory role of the sensory system in BSP.

The pathophysiological mechanisms of BSP are not clear. Alterations of synaptic plasticity, including disruption of homeostatic plasticity, widespread facilitation of synaptic potentials, and loss of synaptic inhibitory processes, are currently considered endophenotypic features of focal dystonia (11, 12). Abnormal sensorimotor integration functions may be related to maladaptive plasticity phenomena, which can contribute to the co-contraction of antagonistic muscle groups involved in the onset of dystonic movements (13, 14).

The startle reflex is a rapid and involuntary motor response triggered by a sudden and intense sensory stimulus (e.g., sound, electricity, or touch) (15). The startle reflex typically manifests as an eyeblink response (blink reflex) in humans and as a whole-body motor response in animals (16, 17). Prepulse inhibition (PPI) occurs when a weak prestimulus (prepulse) 30–500 ms before the startling stimulus significantly inhibits the startle reflex (18). PPI of the blink reflex causes inhibition of the R2 magnitude, while short interstimulus intervals (ISIs) increase the amplitude of R1 (19). Prepulse inhibition is believed to be a model of sensorimotor gating across taxa (20). Numerous studies have confirmed that PPI impairment is an important feature of several psychiatric disorders, including schizophrenia and obsessive-compulsive disorder (21, 22). In recent years, PPI impairment has also been observed in movement disorders such as Parkinson's disease (23), cervical dystonia (24), and BSP (25). Previous studies have shown that PPI is most pronounced at 120 ms in healthy populations (26, 27), but no studies have been conducted in healthy populations and patients with dystonia in China or Asia.

Therefore, in the present study, we analyzed PPI at different ISIs in healthy Chinese populations, compared PPI impairment characteristics between BSP patients and healthy controls, and examined the correlations of PPI impairment with disease duration and motor symptom severity in BSP patients. We aimed to elucidate the neurophysiological mechanisms of sensorimotor gating impairment in BSP patients and to provide an objective basis for identifying biological markers, guiding treatment, and evaluating the prognosis.



2. Materials and methods


2.1. Subjects

We included 30 consecutive patients with BSP who were seen in our movement disorders clinic at the First Affiliated Hospital of Dalian Medical University and 20 gender- and age-matched healthy controls (HCs). The study was approved by the ethics committee of the First Affiliated Hospital of Dalian Medical University [identification number: PJ-KS-KY-2022-134(X)], and all subjects signed informed consent.

BSP patients met the diagnostic criteria of the Benign Essential Blepharospasm Research Foundation (BEBRF) (1). They have never received botulinum toxin injections or at least 3 months since their last botulinum toxin administration. We excluded patients with comorbidities known to affect PPI, including schizophrenia spectrum disorders and temporal lobe epilepsy with psychosis, and patients who have taken medications that affect PPI, such as dopamine receptor agonists (28).

A structured interview was conducted with all subjects to obtain their medical history, family history, and current medication and to record contraceptive use and menstrual cycle in females (29). All subjects were asked to avoid smoking or consuming caffeinated beverages at least 3 h before the experiment. In addition, all BSP patients completed the Jankovic Rating Scale (JRS) (30) to assess their motor symptom severity.



2.2. Methods

We used surface electromyography (EMG; Synergy, CareFusion, London, UK) to perform the electrophysiological recordings. Bandpass filters for EMG recordings were 30–3,000 Hz, and the sampling rate for signal storage was 2,000 Hz. Subjects were informed of the different types of stimuli they would receive before the experiment, but the researcher and equipment were out of their view to ensure they could not see the type of stimuli.


2.2.1. Blink reflex (baseline trials)

The subjects were examined in a comfortable supine position and instructed to keep their eyes gently closed. The EMG activity of the orbicularis oculi muscle was recorded by attaching surface electrodes to the subject's skin using a conductive electrode gel. The active electrodes were placed on the lower eyelids, the reference electrodes were placed 2 cm lateral to the outer canthi, and the grounding electrode was placed on the wrist of the left upper limb. Each blink reflex was evoked by electrical stimulation (constant current rectangular pulses with a stimulation duration of 0.2 ms) above the right supraorbital notch percutaneously. The stimulus intensity was 10 times the sensory threshold, defined as the minimum stimulation intensity at which the subject could perceive at least four of eight stimuli.



2.2.2. Prepulse inhibition (prepulse trials)

Prepulse inhibition was assessed by applying a prepulse stimulus at ISIs of 120 ms (PPI120), 200 ms (PPI200), and 300 ms (PPI300) before the supraorbital nerve stimulation. The choice of ISIs was based on previous studies (18, 25, 26). The prepulse stimuli (constant current rectangular pulses with a stimulation duration of 0.2 ms) were delivered through ring electrodes attached to the middle and distal phalanges of the right index finger at an intensity two times the sensory threshold.

Four blink reflexes were obtained in each trial. Baseline and prepulse trials were randomly mixed with a 15–25 s interval between every two trials.





3. Statistical analysis

Trials with artifacts were excluded. In each trial, we identified the ipsilateral R1, R2, and the contralateral R2c of the blink reflex.

We used the area under the curve to represent the magnitude of the R2 and R2c components of each blink reflex. Following the baseline and prepulse trials, we recorded the R1 latency and peak-to-peak amplitude as well as the bilateral R2 latencies and areas under the curve. The percentage change in R2 area was the magnitude of the PPI effect (hereafter, PPI size), and the formula was PPI size (in %) = [1 – R2 area at prepulse trials (120, 200, or 300 ms)/R2 area at baseline trials] × 100%.

Data analysis was performed using SPSS 25.0 (SPSS, Chicago, IL, USA). The normality of data was tested using the Shapiro-Wilk test. Age, gender, and sensory thresholds for supraorbital nerve stimulation and prepulse stimulus were compared between the BSP and HC groups using the independent-sample t-test for quantitative data and Mann-Whitney U-test for qualitative data and non-normally distributed data. The presence of sensory tricks was expressed as a percentage of the total number of BSP patients. Disease duration and JRS score were presented as the mean ± standard deviation (SD).

We compared PPI size at different ISIs in HCs using the one-way analysis of variance. The ipsilateral R1 latency and amplitude, bilateral R2 latencies and areas at baseline and prepulse trials, and PPI size at different ISIs were compared separately between BSP patients and HCs with the Mann-Whitney U-test for non-normally distributed data, and the independent-sample t-test for normally distributed data. We also used the Wilcoxon rank-sum test for non-normally distributed data and a paired-sample t-test for normally distributed data to compare within-group differences in the ipsilateral R1 latency and amplitude, bilateral R2 latencies and areas at baseline and prepulse trials.

We further divided BSP patients into those with sensory tricks (ST group) and those without sensory tricks (NST group) and compared the PPI size of two subgroups. All data obtained above were expressed as the mean ± SD. The correlations of PPI size with disease duration and JRS score in the BSP group were analyzed with Pearson correlation analysis.

All p-values < 0.05 was considered a significant difference.



4. Results


4.1. Clinical data

There were no significant differences between BSP and HC groups regarding age, gender, or sensory thresholds for supraorbital nerve stimulation and prepulse stimulus to the index finger (Table 1). Sensory tricks were present in 17 patients. No significant differences were found in the clinical characteristics and demographics between ST and NST groups (Table 2).


TABLE 1 Demographic and clinical characteristics of the HC and BSP groups.
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TABLE 2 Demographic and clinical characteristics of the NST and ST groups.
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4.2. PPI difference between the BSP and HC groups

Examples of the blink reflex responses without and with prepulse stimulus in the BSP and HC groups are displayed in Figure 1. The characteristics of the baseline blink reflex induced by supraorbital nerve stimulation were not significantly different between the two groups (Figure 2). In the HC group, prepulse stimulus elicited bilateral R2 latencies prolongation and bilateral R2 areas reduction in all three ISIs. However, in the BSP group, prepulse stimulus had no significant effect on bilateral R2 latencies, and the inhibition of bilateral R2 areas was lower than that in the HC group. That is, the PPI size in the BSP group was significantly smaller than that in the HC group (Table 3; Figure 3). In addition, the prepulse stimulus increased the R1 amplitude at ISIs of 120 ms in HCs, which was absent in the BSP group (Table 3). Besides, we performed a correlation analysis between PPI and age in the HC and BSP groups but found no significant correlation (the date was not shown). Although there was no significant difference, the PPI size appeared greater at 200 ms compared to 120 ms and 300 ms in HCs (Figure 4).


[image: Figure 1]
FIGURE 1
 Prepulse inhibition of the blink reflex in the HC and BSP groups (with and without sensory tricks). (A) HC group, (B) NST group, (C) ST group. PPI120, prepulse inhibition at ISIs of 120 ms; PPI200, prepulse inhibition at ISIs of 200 ms; PPI300, prepulse inhibition at ISIs of 300 ms. The upper two traces represent the baseline blink reflex (without a prepulse stimulus), while the lower six traces represent the blink reflex after a prepulse stimulus (arrow indicates prepulse stimulus to the index finger). Each trace represents the superposition of four blink reflexes. BSP patients had greater R2 and R2c areas after prepulse stimulation than HCs, and the NST group had greater R2 and R2c areas after prepulse stimulation than the ST group (i.e., BSP patients exhibited impaired prepulse inhibition, and patients with sensory tricks showed better PPI than those without sensory tricks).



[image: Figure 2]
FIGURE 2
 Comparison of blink-reflex neurophysiological data between the HC and the BSP groups. BR, baseline blink reflex (without a prepulse stimulus); PPI120, prepulse inhibition at ISIs of 120 ms; PPI200, prepulse inhibition at ISIs of 200 ms; PPI300, prepulse inhibition at ISIs of 300 ms. (A) Differences in the R1 latency between the BSP and HC groups at baseline and prepulse trials administered at different ISIs. (B) Differences in the R1 amplitude between the BSP and HC groups at baseline and prepulse trials administered at different ISIs. (C) Differences in the R2 latency between the BSP and HC groups at baseline and prepulse trials administered at different ISIs. (D) Differences in the R2c latency between the BSP and HC groups at baseline and prepulse trials administered at different ISIs. (E) Differences in the R2 area between the BSP and HC groups at baseline and prepulse trials delivered at different ISIs. (F) Differences in the R2c area between the BSP and HC groups at baseline and prepulse trials delivered at different ISIs. Non-normally distributed and qualitative data were analyzed using the Mann-Whitney U-test, and normally distributed data were analyzed using the independent-sample t-test. **p < 0.01.



TABLE 3 Within-group neurophysiological differences in the blink reflex at baseline and prepulse trials.
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FIGURE 3
 Differences in PPI size between the HC and BSP groups. PPI120, prepulse inhibition at ISIs of 120 ms; PPI200, prepulse inhibition at ISIs of 200 ms; PPI300, prepulse inhibition at ISIs of 300 ms. All comparisons were performed using the independent-sample t-test. **p < 0.01.



[image: Figure 4]
FIGURE 4
 PPI size of the HC group at ISIs of 120, 200, and 300 ms. PPI120, prepulse inhibition at ISIs of 120 ms; PPI200, prepulse inhibition at ISIs of 200 ms; PPI300, prepulse inhibition at ISIs of 300 ms. The comparisons were performed using the one-way analysis of variance.




4.3. PPI difference between the ST and NST groups

Further analysis revealed that, in BSP patients, the PPI size was significantly greater in the ST group than in the NST group (Figures 1, 5). Finally, we found no correlations between PPI size and motor symptom severity or disease duration.
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FIGURE 5
 Differences in PPI size between the ST and NST groups. PPI120, prepulse inhibition at ISIs of 120 ms; PPI200, prepulse inhibition at ISIs of 200 ms; PPI300, prepulse inhibition at ISIs of 300 ms. All comparisons were performed using the independent-sample t-test. *p < 0.05.





5. Discussion

To our knowledge, this is the first study of PPI impairment in BSP patients from a Chinese population. Previous European studies have shown that PPI size in healthy populations is generally above 60% (24, 31). In contrast, the present study reported a smaller PPI of about 40%. Additionally, previous studies have shown that PPI is most pronounced at 120 ms in healthy populations (26, 27), but in our research, PPI size appeared to be greater at 200 ms. The differences in ethnicity may contribute to the discrepancy of results, in addition to age and gender structures (27, 32, 33). Furthermore, we found that impaired PPI in BSP patients also occurred at ISIs of 200 and 300 ms, and the R1 amplitude facilitation and bilateral R2 latencies prolongation were absent in BSP patients, which above was not explored in previous studies (25, 34).

A supraorbital nerve stimulation induces two primary responses in the orbicularis oculi: an early ipsilateral component (R1) and a late bilateral component (R2) (35). The R1 originates from an oligosynaptic pontine circuit, while the R2 is mediated by multisynaptic pontomedullary connections (36). The main anatomical structures responsible for PPI are located in the brainstem, as PPI can still be observed in decerebrate animals (37). The central structure may be the connection between the pedunculopontine tegmental nucleus (PPTN) and the caudal pontine reticular nucleus (38). Although PPI occurs in the brainstem, it is also subject to top-down modulation by forebrain regions (39, 40). In the present study, the unconditioned blink reflex did not differ between BSP patients and HCs, indicating the integrity of the brainstem circuits. Abnormal top-down modulation from the prefrontal lobe projections to the pontine reflex circuits may be the reason for impaired PPI. Previous studies have found an abnormal blink reflex recovery cycle in BSP patients, confirming hyperexcitability of the trigemino-facial circuits (41). In our study, impaired PPI in BSP patients suggests abnormal inhibitory modulation at the cortical and subcortical levels may also contribute to the hyperexcitability of the trigemino-facial circuits.

Early animal studies have identified a cortico-subcortical pathway from the brainstem that mediates PPI, called the cortico-pallidum-thalamic (CSPT) circuit (42). Neuroimaging studies demonstrated the involvement of the frontal and parietal cortical regions, striatum, hippocampus and thalamus in PPI (43). In recent years, studies have reported abnormal activation and functional connectivity in the frontal and parietal cortex, basal ganglia, and cerebellar in BSP (44). In addition, cerebellar continuous theta burst stimulation can improve motor symptoms in patients with dystonia (45, 46). It has been suggested that PPTN had a reciprocal association with basal ganglia (47). The PPTN also participated in muscle tone regulation (48). Therefore, PPTN may play a role in the dysregulation of PPI in BSP. Our previous studies also showed abnormal functional connectivity of sensorimotor networks and regulatory networks involving the frontal lobe in BSP (49). Thus, impairment of central nervous system inhibition may lead to excessive motor output, and abnormal cortical and subcortical regulation may also contribute to the abnormal PPI in BSP.

We demonstrated that PPI impairment is greater in BSP patients without sensory tricks, similar to the results of previous studies (25). Gomez-Wong et al. found that the R2 magnitude of the blink reflex was reduced when a sensory trick was induced by a light touch on the eyelids and periorbital areas of the face in BSP patients, suggesting that sensory tricks may serve as a prepulse stimulus to modulate the activity of the trigeminal-facial circuits and thus ameliorate spasm (50). According to the “sensory-motor integration” theory, the abnormal excitation in the primary motor cortex may be due to excessive signal afferents in the primary somatosensory cortex, a phenomenon known as “sensory overflow (51).” PPI may inhibit sensory information overload through sensorimotor gating mechanisms (20). Our previous functional magnetic resonance imaging study reported a relatively preserved function of the supplementary motor in BSP patients with sensory tricks (49). Thus, the relatively normal PPI in BSP patients with sensory tricks reflects the relative preservation of sensory information processing and the ability to regulate abnormal trigemino-facial circuits excitability.

Additionally, we showed that PPI was not associated with the severity or duration of BSP, indicating abnormal PPI may represent a premorbid feature. Such PPI impairment was found not only in BSP but in cervical dystonia (24), thus may be a potential pathogenesis of dystonia.

Although we found that PPI seemed to be more pronounced at 200 ms, there was no significant difference. Besides, our study has some other limitations. We failed to explore PPI at ISIs lower than 100 ms due to equipment limitations. Considering the small sample size, we were unable to provide a subgroup analysis according to the variability of clinical symptoms, such as increased blinking and apraxia of eyelids opening.



6. Conclusion

In conclusion, we found that PPI was impaired in BSP patients at three different ISIs. Patients with sensory tricks had better PPI than those without sensory tricks. The sensory tricks phenomenon may represent either the relative integrity of sensorimotor gating pathways or a compensatory mechanism. We may thus speculate that the underlying pathophysiology of abnormal cortical/subcortical regulation mechanisms of sensorimotor gating and abnormal brainstem excitatory pathways may play an important role in BSP.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of the First Affiliated Hospital of Dalian Medical University [identification number: PJ-KS-KY-2022-134(X)]. The patients/participants provided their written informed consent to participate in this study.



Author contributions

ZL and CS were responsible for recruiting and screening eligible subjects. XY and HYW completed the study registration and obtained informed consent. RL collected clinical information. XHa and XHu designed and conducted the experiment. XHa wrote the paper, designed the tables, and drew the images. All authors have made meaningful revisions to the paper.



Funding

This study was supported by the Natural Science Foundation of Liaoning Province (number: 2015020292) and the Dalian Medical Science Research Program Project (number: 1812009).



Acknowledgments

The authors thank all the patients and voluntary healthy controls for their participation in this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Hallett M, Evinger C, Jankovic J, Stacy M. Update on blepharospasm: Report from the BEBRF International Workshop. Neurology. (2008) 71:1275–82. doi: 10.1212/01.wnl.0000327601.46315.85

 2. Tinazzi M, Rosso T, Fiaschi A. Role of the somatosensory system in primary dystonia. Mov Disord. (2003) 18:605–22. doi: 10.1002/mds.10398

 3. Ferrazzano G, Berardelli I, Conte A, Baione V, Concolato C, Belvisi D, et al. Motor and non-motor symptoms in blepharospasm: Clinical and pathophysiological implications. J Neurol. (2019) 266:2780–5. doi: 10.1007/s00415-019-09484-w

 4. Conte A, Defazio G, Ferrazzano G, Hallett M, Macerollo A, Fabbrini G, et al. Is increased blinking a form of blepharospasm? Neurology. (2013) 80:2236–41. doi: 10.1212/WNL.0b013e318296e99d

 5. Conte A, Ferrazzano G, Belvisi D, Manzo N, Suppa A, Fabbrini G, et al. Does the somatosensory temporal discrimination threshold change over time in focal dystonia? Neural Plast. (2017) 2017:9848070. doi: 10.1155/2017/9848070

 6. Loyola DP, Camargos S, Maia D, Cardoso F. Sensory tricks in focal dystonia and hemifacial spasm. Eur J Neurol. (2013) 20:704–7. doi: 10.1111/ene.12054

 7. Ramos VF, Karp BI, Hallett M. Tricks in dystonia: Ordering the complexity. J Neurol Neurosurg Psychiatry. (2014) 85:987–93. doi: 10.1136/jnnp-2013-306971

 8. Martino D, Liuzzi D, Macerollo A, Aniello MS, Livrea P, Defazio G. The phenomenology of the geste antagoniste in primary blepharospasm and cervical dystonia. Mov Disord. (2010) 25:407–12. doi: 10.1002/mds.23011

 9. Defazio G, Hallett M, Jinnah HA, Conte A, Berardelli A. Blepharospasm 40 years later. Mov Disord. (2017) 32:498–509. doi: 10.1002/mds.26934

 10. Schicatano EJ, Basso MA, Evinger C. Animal model explains the origins of the cranial dystonia benign essential blepharospasm. J Neurophysiol. (1997) 77:2842–6. doi: 10.1152/jn.1997.77.5.2842

 11. Sadnicka A, Hamada M. Plasticity and dystonia: A hypothesis shrouded in variability. Exp Brain Res. (2020) 238:1611–7. doi: 10.1007/s00221-020-05773-3

 12. Quartarone A, Hallett M. Emerging concepts in the physiological basis of dystonia. Mov Disord. (2013) 28:958–67. doi: 10.1002/mds.25532

 13. Bologna M, Paparella G. Neurodegeneration and sensorimotor function. Brain Sci. (2020) 10:110808. doi: 10.3390/brainsci10110808

 14. Kaji R, Bhatia K, Graybiel AM. Pathogenesis of dystonia: Is it of cerebellar or basal ganglia origin? J Neurol Neurosurg Psychiatry. (2018) 89:488–92. doi: 10.1136/jnnp-2017-316250

 15. Graham FK. The more or less startling effects of weak prestimulation. Psychophysiology. (1975) 12:238–48. doi: 10.1111/j.1469-8986.1975.tb01284.x

 16. Geyer MA, Krebs-Thomson K, Braff DL, Swerdlow NR. Pharmacological studies of prepulse inhibition models of sensorimotor gating deficits in schizophrenia: A decade in review. Psychopharmacology. (2001) 156:117–54. doi: 10.1007/s002130100811

 17. Geyer MA, Wilkinson LS, Humby T, Robbins TW. Isolation rearing of rats produces a deficit in prepulse inhibition of acoustic startle similar to that in schizophrenia. Biol Psychiatry. (1993) 34:361–72. doi: 10.1016/0006-3223(93)90180-L

 18. Blumenthal TD, Gescheider GA. Modification of the acoustic startle reflex by a tactile prepulse: The effects of stimulus onset asynchrony and prepulse intensity. Psychophysiology. (1987) 24:320–7. doi: 10.1111/j.1469-8986.1987.tb00302.x

 19. Rossi A, Scarpini C. Gating of trigemino-facial reflex from low-threshold trigeminal and extratrigeminal cutaneous fibres in humans. J Neurol Neurosurg Psychiatry. (1992) 55:774–80. doi: 10.1136/jnnp.55.9.774

 20. Braff DL, Geyer MA. Sensorimotor gating and schizophrenia. Human and animal model studies. Arch Gen Psychiatry. (1990) 47:181–8. doi: 10.1001/archpsyc.1990.01810140081011

 21. Ahmari SE, Risbrough VB, Geyer MA, Simpson HB. Impaired sensorimotor gating in unmedicated adults with obsessive-compulsive disorder. Neuropsychopharmacology. (2012) 37:1216–23. doi: 10.1038/npp.2011.308

 22. Swerdlow NR, Light GA, Thomas ML, Sprock J, Calkins ME, Green MF, et al. Deficient prepulse inhibition in schizophrenia in a multi-site cohort: Internal replication and extension. Schizophr Res. (2018) 198:6–15. doi: 10.1016/j.schres.2017.05.013

 23. Insola A, Mazzone P, Della Marca G, Capozzo A, Vitale F, Scarnati E. Pedunculopontine tegmental Nucleus-evoked prepulse inhibition of the blink reflex in Parkinson's disease. Clin Neurophysiol. (2021) 132:2729–38. doi: 10.1016/j.clinph.2021.06.028

 24. Öztürk O, Gündüz A, Kiziltan ME. Deficient median nerve prepulse inhibition of the blink reflex in cervical dystonia. Clin Neurophysiol. (2016) 127:3524–8. doi: 10.1016/j.clinph.2016.09.013

 25. Gómez-Wong E, Martí MJ, Tolosa E, Valls-Solé J. Sensory modulation of the blink reflex in patients with blepharospasm. Arch Neurol. (1998) 55:1233–7. doi: 10.1001/archneur.55.9.1233

 26. Kumari V, Konstantinou J, Papadopoulos A, Aasen I, Poon L, Halari R, et al. Evidence for a role of progesterone in menstrual cycle-related variability in prepulse inhibition in healthy young women. Neuropsychopharmacology. (2010) 35:929–37. doi: 10.1038/npp.2009.195

 27. Naysmith LF, Williams SCR, Kumari V. The influence of stimulus onset asynchrony, task order, sex and hormonal contraception on prepulse inhibition and prepulse facilitation: Methodological considerations for drug and imaging research. J Psychopharmacol. (2022) 36:1234–42. doi: 10.1177/02698811221133469

 28. Braff DL, Geyer MA, Swerdlow NR. Human studies of prepulse inhibition of startle: Normal subjects, patient groups, and pharmacological studies. Psychopharmacology. (2001) 156:234–58. doi: 10.1007/s002130100810

 29. Swerdlow NR, Hartman PL, Auerbach PP. Changes in sensorimotor inhibition across the menstrual cycle: Implications for neuropsychiatric disorders. Biol Psychiatry. (1997) 41:452–60. doi: 10.1016/S0006-3223(96)00065-0

 30. Jankovic J, Kenney C, Grafe S, Goertelmeyer R, Comes G. Relationship between various clinical outcome assessments in patients with blepharospasm. Mov Disord. (2009) 24:407–13. doi: 10.1002/mds.22368

 31. Hanzlíková Z, Kofler M, Slovák M, Věchetová G, Fečíková A, Kemlink D, et al. Prepulse inhibition of the blink reflex is abnormal in functional movement disorders. Mov Disord. (2019) 34:1022–30. doi: 10.1002/mds.27706

 32. Ellwanger J, Geyer MA, Braff DL. The relationship of age to prepulse inhibition and habituation of the acoustic startle response. Biol Psychol. (2003) 62:175–95. doi: 10.1016/S0301-0511(02)00126-6

 33. Swerdlow NR, Talledo JA, Braff DL. Startle modulation in Caucasian-Americans and Asian-Americans: A prelude to genetic/endophenotypic studies across the 'Pacific Rim'. Psychiatr Genet. (2005) 15:61–5. doi: 10.1097/00041444-200503000-00010

 34. Baione V, Ferrazzano G, Berardelli I, Belvisi D, Berardelli A, Conte A. Unravelling mechanisms of altered modulation of trigemino-facial circuits in blepharospasm. Clin Neurophysiol. (2019) 130:1642–3. doi: 10.1016/j.clinph.2019.07.001

 35. Esteban A. A neurophysiological approach to brainstem reflexes. Blink reflex. Neurophysiol Clin. (1999) 29:7–38. doi: 10.1016/S0987-7053(99)80039-2

 36. Guerra A, Vicenzini E, Cioffi E, Colella D, Cannavacciuolo A, Pozzi S, et al. Effects of transcranial ultrasound stimulation on trigeminal blink reflex excitability. Brain Sci. (2021) 11:50645. doi: 10.3390/brainsci11050645

 37. Li L, Frost BJ. Azimuthal directional sensitivity of prepulse inhibition of the pinna startle reflex in decerebrate rats. Brain Res Bull. (2000) 51:95–100. doi: 10.1016/S0361-9230(99)00215-4

 38. Swerdlow NR, Geyer MA. Prepulse inhibition of acoustic startle in rats after lesions of the pedunculopontine tegmental nucleus. Behav Neurosci. (1993) 107:104–17. doi: 10.1037/0735-7044.107.1.104

 39. Du Y, Wu X, Li L. Differentially organized top-down modulation of prepulse inhibition of startle. J Neurosci. (2011) 31:13644–53. doi: 10.1523/JNEUROSCI.1292-11.2011

 40. Correa LI, Cardenas K, Casanova-Mollá J, Valls-Solé J. Thermoalgesic stimuli induce prepulse inhibition of the blink reflex and affect conscious perception in healthy humans. Psychophysiology. (2019) 56:e13310. doi: 10.1111/psyp.13310

 41. Geyer MA, Swerdlow NR. Measurement of startle response, prepulse inhibition, and habituation. Curr Protoc Neurosci. (2001) 8:ns0807s03. doi: 10.1002/0471142301.ns0807s03

 42. Swerdlow NR, Geyer MA. Using an animal model of deficient sensorimotor gating to study the pathophysiology and new treatments of schizophrenia. Schizophr Bull. (1998) 24:285–301. doi: 10.1093/oxfordjournals.schbul.a033326

 43. Kumari V, Gray JA, Geyer MA, Ffytche D, Soni W, Mitterschiffthaler MT, et al. Neural correlates of tactile prepulse inhibition: A functional MRI study in normal and schizophrenic subjects. Psychiatry Res. (2003) 122:99–113. doi: 10.1016/S0925-4927(02)00123-3

 44. Mascia MM, Dagostino S, Defazio G. Does the network model fits neurophysiological abnormalities in blepharospasm? Neurol Sci. (2020) 41:2067–79. doi: 10.1007/s10072-020-04347-z

 45. Koch G, Porcacchia P, Ponzo V, Carrillo F, Cáceres-Redondo MT, Brusa L, et al. Effects of two weeks of cerebellar theta burst stimulation in cervical dystonia patients. Brain Stimul. (2014) 7:564–72. doi: 10.1016/j.brs.2014.05.002

 46. Hoffland BS, Kassavetis P, Bologna M, Teo JT, Bhatia KP, Rothwell JC, et al. Cerebellum-dependent associative learning deficits in primary dystonia are normalized by rTMS and practice. Eur J Neurosci. (2013) 38:2166–71. doi: 10.1111/ejn.12186

 47. Muthusamy KA, Aravamuthan BR, Kringelbach ML, Jenkinson N, Voets NL, Johansen-Berg H, et al. Connectivity of the human pedunculopontine nucleus region and diffusion tensor imaging in surgical targeting. J Neurosurg. (2007) 107:814–20. doi: 10.3171/JNS-07/10/0814

 48. Takakusaki K, Habaguchi T, Ohtinata-Sugimoto J, Saitoh K, Sakamoto T. Basal ganglia efferents to the brainstem centers controlling postural muscle tone and locomotion: A new concept for understanding motor disorders in basal ganglia dysfunction. Neuroscience. (2003) 119:293–308. doi: 10.1016/S0306-4522(03)00095-2

 49. Huang XF, Zhu MR, Shan P, Pei CH, Liang ZH, Zhou HL, et al. Multiple neural networks malfunction in primary blepharospasm: An independent components analysis. Front Hum Neurosci. (2017) 11:235. doi: 10.3389/fnhum.2017.00235

 50. Gómez-Wong E, Martí MJ, Cossu G, Fabregat N, Tolosa ES, Valls-Solé J. The ‘geste antagonistique' induces transient modulation of the blink reflex in human patients with blepharospasm. Neurosci Lett. (1998) 251:125–8. doi: 10.1016/S0304-3940(98)00519-9

 51. Tinazzi M, Priori A, Bertolasi L, Frasson E, Mauguière F, Fiaschi A. Abnormal central integration of a dual somatosensory input in dystonia. Evidence for sensory overflow. Brain. (2000) 123:42–50. doi: 10.1093/brain/123.1.42



OPS/images/fneur-14-1105483-g005.gif
AR





OPS/images/fneur-14-1105483-t001.jpg
HC(n=20) BSP(n
Age (years) 527+£12.6 594128 0.071
Gender M/F 1 (%) 7113 (35%/65%) 11/19 (36.7%/63.3%) 0.904
Supraorbital threshold (mA) 14403 1.54+03 0210
Index finger threshold (mA) 17£03 1.9+07 0.380
Duration (years) - 48+3.1 -
JRS score = 50+ 1.6 -
Sensory trick 1 (%) - 17 (56.7%) -

Non-normally distributed and qualitative data were analyzed using the Mann-Whitney U-test,
and normally distributed data were analyzed using the independent-sample t-test.





OPS/images/fneur-14-1105483-g003.gif





OPS/images/fneur-14-1105483-g004.gif





OPS/images/fneur-14-1105483-t002.jpg
NST (n =13) (n=1i7 P
Age (years) 61.3£113 580+ 127 0.497
Gender M/F 11 (%) 4/9 (30.8/69.2%) 7110 (41.2/58.8%) 0.558
Supraorbital threshold (mA) 15402 15404 0.527
Index fingers threshold (mA) 20£18 17£05 0.247
Duration (years) 44£27 51£3.6 0.720
JRS score 49+£13 51£18 0.949

Non-normally distributed and qualitative data were analyzed using the Mann-Whitney U-test,
and normally distributed data were analyzed using the independent-sample t-test.





OPS/images/fneur-14-1105483-t003.jpg
Baseline Baseline
R, Lat. 1.1+ 17 113£15 0.600 11.3+15 0.300 112417 0.862 11418 11.2£22 0.312 112+ 14 0.735 112%1.2 0.672
Ry Amp. 2764+ 297.8+ 0.042° 2842+ 0.632 2627+ 0.103 2329+ 2347+ 0992 272+ 0349 2324+ 0.894
1633 1658 167.2 147.1 191.9 198.1 193.4 165.1
R; Lat. 312+48 334£29 0.004* 34.1£43 0.000°* 35.0£49 0.000°* 289+ 44 295+47 0.119 294£50 0.364 300£5.0 0.136
Ry Lat. 313454 34446 0.003* 345+5.1 0.001% 347+54 0.003** 290 £4.9 295+47 0.621 296453 0491 30.1+53 0.060
R; Area 36£15 22410 0.000™* 1.8+ 1.0 0.000%* 21+£12 0.000%* 3717 32+18 0.000%* 31£16 0.000** 32+£17 0.000*
Ry Area 34£11 2011 0.000** 1L7£1.0 0.000%* 20£12 0.000%* 30£1.1 27£1.1 0.001** 26+£1.1 0.001** 27+£1.1 0.003*

PPlyz0, prepulse inhibition at ISIs of 120 ms; PPLgg, prepulse inhibition at ISIs of 200 ms; PPy, prepulse inhibition at ISIs of 300 ms; Lat,, latency; Amp., amplitude.
Non-normally distributed data were analyzed using the Wilcoxon rank-sum test, and normally distributed data were analyzed using the paired-sample t-test.
*p < 0.05;**p < 0.01.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Elucidation of the mechanism underlying impaired sensorimotor gating in patients with primary blepharospasm using prepulse inhibition



		1. Introduction



		2. Materials and methods



		2.1. Subjects



		2.2. Methods



		2.2.1. Blink reflex (baseline trials)



		2.2.2. Prepulse inhibition (prepulse trials)













		3. Statistical analysis



		4. Results



		4.1. Clinical data



		4.2. PPI difference between the BSP and HC groups



		4.3. PPI difference between the ST and NST groups







		5. Discussion



		6. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Elucidation of the mechanism
underlying impaired sensorimotor
gating in patients with primary
blepharospasm using prepulse
inhibition





OPS/images/fneur-14-1105483-g001.gif
T Lo
:m@ ji
Cy?fCﬁmxw
i -
:

L






OPS/images/fneur-14-1105483-g002.gif
g









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Neurology





