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Reliability and usability of telemedicine
evaluations for facial dystonia

Punnaka Pongpanich,1,2,6 Parima Hirunwiwatkul,1,3,6,7,* Supharat Jariyakosol,1,3 Buravej Assavapongpaiboon,1

Supaporn Krittanupong,4 and Wasee Tulvatana1,3,5
SUMMARY

This study investigated telemedicine reliability andusability in evaluating facial dystoniagrading and treat-
ment complications. Eighty-two telemedicine recordings from 43 adults with blepharospasm (12, 28%)
and hemifacial spasm (31, 72%) were obtained (mean age 64.5 G 9.3 years, 32 females [64%]). Two re-
corded in-hospital telemedicine visits were arrangedwith in-person visits at baseline and 4–6weeks. After
8 weeks, neuro-ophthalmologists who performed the in-person visits re-evaluated the telemedicine video
records. Intra-rater agreements in assessing spasm gradings were moderate (severity: kappa = 0.42, 95%
confidence interval [CI] 0.21–0.62; frequency: kappa= 0.41, 95%CI 0.21–0.61) with substantial agreement
in detecting lagophthalmos (kappa = 0.61, 95% CI 0.36–0.86). Adding symptoms to signs increased sensi-
tivity and negative predictive value (NPV) in detecting lagophthalmos (67%–100% and 94%–100%) and
drooping lips (38%–75% and 94%–96%), respectively. Thai version Telehealth Usability Questionnaire
showed high mean usability score of 6.5 (SD 0.8) out of 7. Telemedicine could further be developed as
an alternative platform to evaluate facial dystonia.

INTRODUCTION

Clinical presentations of facial dystonia, including benign essential blepharospasm (BEB) and hemifacial spasm (HFS), are involuntary episodic

contractions of the orbicularis oculi muscles.1 Botulinum toxin injection is the current choice of treatment, but reinjections are needed.1,2 Stan-

dard quarterly in-person visits tend to limit the ability to detect complications such as lagophthalmos, ptosis, and drooping lips, which often

occur with maximum effect at four to six weeks after injections.2,3 Frequent follow-ups to adjust injection dosage and locations are preferred

but necessitate increased patient traveling burdens.3–5 Since the COVID-19 pandemic, the implementation of telemedicine has expanded

globally for social distancing and convenience.4–8 While the accuracy of telemedicine physical examinations has been validated for many

disorders, there has been no evidence on the efficacy of using telemedicine for detecting and monitoring facial dystonia.3,9–16

This study aimed to investigate the reliability and usability of telemedicine evaluations for facial dystonia compared to in-person evaluation

by neuro-ophthalmologists.
RESULTS

Demographic data

Forty-three facial dystonia participants gave their consent and completed the first visit for an evaluation by the neuro-ophthalmologist. Due to

traveling difficulties, one participant missed the second visit. Three and one participants dropped out after the first and third telemedicine

visits, respectively. A total of 82 video recordings were collected (Figure 1). Five videos had no sound due to recording errors, resulting in 77

videos with symptom evaluation. Grading score data were not collected from one participant during the third home telemedicine visit

reducing the final total to only 38 participants for grading score comparison.

Half of the telemedicine videoswere recorded after in-person examinations, composedof the 39 first visits and two second visits. The other

half were recorded before in-person examinations. The mean video assessment washout period was 137 days (standard deviation [SD] = 36).

The low-grade groupwas slightly larger than the high-gradegroupwith the highest number of videos in the Jankovic rating scale (JRS) grade 3

(Table 1).
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Figure 1. Study flow diagram
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Reliability

Comparing 82 telemedicine visit videos to in-person visit evaluations, intra-rater agreements for the spasm severity and frequency gradings,

displayed by quadratic weighted kappa score, were 0.44 and 0.42, respectively. Kappa statistics calculated for the reliability of categorized

spasm severity and frequency gradings were 0.42 and 0.41, respectively. Kappa scores in detecting signs of complications were highest for

lagophthalmos detection (kappa = 0.61) followed by ptosis and drooping lips. No sign of extraocular muscle limitation was present

throughout the study (Table 2).

Using signs of facial dystonia and its treatment complications from in-person examination as the gold standard, diagnostic accuracy for

classified spasm severity and frequency, presence of lagophthalmos, ptosis, and drooping lips showed high specificity, negative predictive

value (NPV), and accuracy in recognizing complications (Table 3). However, the kappa score significantly decreased, with lower specificity and

accuracy when comparing signs or symptoms of complications in the telemedicine visit arm to signs in the in-person visit (Tables 2 and 3). The

sensitivity and NPV of lagophthalmos and drooping lips detection showed an increase (Table 3).

In the third visit, the spasm severity and frequency weighted kappa scores of 38 telemedicine visits evaluations were 0.51 and 0.49, respec-

tively. Kappa score slightly increased to 0.56 and 0.51 for categorized spasm severity and frequency gradings, respectively. The agreement in

determining further injection did show a moderate kappa score of 0.63 (n = 39) (Table 2).

All recordings were reviewed to check for the environment, lighting control, and patient cooperation. Participants’ attention was judged as

good throughout the recording.

Subgroup analyses

The sequence of examinations revealed that most of the prior visit evaluations were found to have higher gradings than the following visits

which were held on the same day. Out of 41 telemedicine visits that occurred after in-person examinations, six (15%) telemedicine visits were

more severe than in-person visits compared to 18 (44%) with a lower grading. Further categorization into high-grade (3–4) and low-grade (0–2)

groups showed similar results with three (7%) higher-graded telemedicine visits versus 12 (29%) lower-graded visits. Additionally, in the tele-

medicine visits which came before in-person examinations, 18 (44%) telemedicine visits were more severe than in-person visits, while eight

(20%) telemedicine visits were less severe. After being categorized, only one (2%) telemedicine visit was graded to be milder than the in-per-

son visit in contrast to seven (17%) visits with greater grading scores.

Usability

Forty participants gave high telehealth usability scores with the highest mean score in the satisfaction subscale with 6.69 out of 7. The mean

score for the reliability subscale was the lowest (6.23). Total mean usability score was 6.5 (SD 0.8) out of 7. Details of all 21 questions are dis-

played in Table 4.
2 iScience 27, 109877, June 21, 2024



Table 1. Demographic data of recruited participants and video recordings

Items n = 43 participants Items n = 82 recordings

Gender, No.(%) Jankovic rating scale, No. (%) Severity Frequency

Male 11 (26) Grade 0 16 (20) 16 (19.5)

Female 32 (74) Grade 1 18 (22) 18 (22)

Mean age (SD) 64.5 (9.3) Grade 2 14 (17) 16 (19.5)

Disease, participants (%), recordings (%) Grade 3 24 (29) 23 (28)

BEB 12 (28), 21 (26) Grade 4 10 (12) 9 (11)

HFS 31 (72), 61 (74) Categorized grading, No. (%) Severity Frequency

Device operating system, No. (%) High-grade group 48 (58.5) 50 (61)

IOS 10 (23) Low-grade group 34 (41.5) 32 (39)

Android 33 (77) Sequence between in-person examination and telemedicine recordation, No. (%)

Prior telemedicine experience, No. (%)

Yes 29 (67) In-person visit first 41 (50)

No 14 (33) Telemedicine visit first 41 (50)

n = number of samples, No. = number in each group.
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Effect on daily life activities

Spasmodic eyelids were reported to disturb participant habits in 36 out of 82 (45%) visits. Limited activities were driving (n = 13, 36%), social

meeting (n = 11, 31%), reading (n = 6, 17%), walking (n = 4, 11%), and sewing (n = 2, 6%). Impacts on eating, watching television, and sleeping

were reported in one visit per activity (3%). No adverse events were reported during the study.
DISCUSSION

Excellent reliability in evaluating facial dystonia treatment complications andmoderate reliability in evaluating spasmgradings were reported

in this study. Telemedicine abilities to detect gross presentations have been proven in a wide range of medical specialties including ophthal-

mology and neurology.3,9–16 Fraint et al. (n = 46) reported excellent reliability (kappa = 0.89) in determining the Toronto Western Spasmodic

Torticollis Rating Scale (TWSTRS) motor severity summary score in cervical dystonia, a disease which can be assessed by visual examination

similar to facial dystonia.2,3 In contrast to this study, our telemedicine evaluation showed moderate agreement for spasm severity (kappa =

0.44), spasm frequency (kappa= 0.42), and classifiedgradings (severity, kappa= 0.42 and frequency, kappa= 0.41). This could be explainedby

the dynamics of facial dystonia, unlike the study on spasmodic torticollis which was evaluated by a more static component and larger organ

movement.1–3 In general, the fine periodic facial spasm changes over time, and other factors such as stress, light, activity, and attention add to

the difficulty of video diagnosis.1,2 However, in this study, room environment, light, and participants activity were controlled as the protocol in
Table 2. Agreement between signs or symptoms of telemedicine and signs of in-person evaluations

Items

Signs (n = 82 videos) Signs or symptoms (n = 77 videos)

Lagophthalmos 0.61 (0.36–0.86) 0.35 (0.18–0.50)

Ptosis 0.59 (0.31–0.86) 0.08 (�0.04–0.20)

Drooping lips 0.47 (0.11–0.82) 0.24 (0.04–0.44)

Eye movement limitation 0 0

In-hospital telemedicine visit Third real-life telemedicine visit

Spasm severity score (0–4) 0.44 (0.25–0.64) 0.51 (0.23–0.78) (n = 38 participants)

Classified spasm severity 0.42 (0.21–0.62) 0.56 (0.29–0.83)

Spasm frequency score (0–4) 0.42 (0.22–0.62) 0.49 (0.22–0.77)

Classified spasm frequency 0.41 (0.21–0.61) 0.51 (0.23–0.79)

Further treatment decision – 0.63 (0.38–0.88) (n = 39 participants)

Quadratic weighted Kappa or Kappa (95% confidence interval).

n = number of samples.

iScience 27, 109877, June 21, 2024 3



Table 3. Diagnostic accuracy of telemedicine visit evaluation

Diagnostic

accuracy

Complications (in-hospital telemedicine) In-hospital telemedicine Third home-based telemedicine

Lagophthalmos Ptosis Drooping lips
Classified

severity

Classified

frequency

Classified

severity

Classified

frequency

Treatment

decisionSigns S&S Signs S&S Signs S&S

n= 82 videos 77 videos 82 videos 77 videos 82 videos 77 videos 82 videos 38 patients 39 patients

Sensitivity, % 67 (35–90) 100 (74–100) 75 (35–97) 75 (35–97) 38 (9–76) 75 (35–97) 62 (44–78 63 (44–79) 83 (62–95) 82 (60–95) 83 (63–95)

Specificity, % 94 (86–98) 64 (52–75) 93 (85–98) 49 (37–61) 99 (93–100) 73 (61–83) 79 (65–90) 78 (64–89) 73 (45–92) 69 (41–89) 80 (52–96)

PPV, % 67 (42–85) 32 (26–40) 55 (32–75) 14 (9–20) 75 (26–96) 23 (15–34) 68 (53–80) 65 (50–77) 83 (66.8–92) 78 (63–88) 87 (71–95)

NPV, % 94.3 (88–97) 100 97 (91–99) 95 (84–98) 94 (89.5–96.2) 96 (89–99) 75 (65–82) 77 (67–84) 73 (52–88) 73 (52–88) 75 (54–88)

Positive

LR

11.7 (4.2–32.8) 2.8 (2–3.8) 11.1 (4.4–28.3) 1.5 (0.9–2.3) 27.8 (3.3–236.4) 2.8 (1.6–4.8) 3 (1.6–5.5) 2.8 (1.6–5.1) 3.1 (1.3–7.3) 2.6 (1.2–5.6) 4.2 (1.5–11.7)

Negative

LR

0.4 (0.2–0.8) 0 0.3 (0.1–0.9) 0.5 (0.2–1.8) 0.6 (0.4–1.1) 0.3 (0.1–1.2) 0.5 (0.3–0.8) 0.5 (0.3–0.8) 0.2 (0.1–0.6) 0.3 (0.1–0.7) 0.2 (0.1–0.5)

Accuracy, % 90 (82–96) 70 (58–79) 92 (83–97) 51 (40–62) 93 (85–97) 73 (62–82) 72 (61–81) 72 (61–81) 79 (63–90) 76 (60–89) 82 (67–93)

(95% confidence interval).

n = number of samples, S&S = sign and symptom, PPV = positive predictive value, NPV = negative predictive value, LR = likelihood ratio.
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Table 4. Telehealth usability questionnaire and usability score (n = 40 patients)

Items and subscales Min Max Mean SD

1. Telehealth improves my access to healthcare services. 5 7 6.65 0.7

2. Telehealth saves me time traveling to a hospital or specialist clinic. 5 7 6.8 0.56

3. Telehealth provides for my healthcare need. 5 7 6.4 0.87

Usefulness 6.62 0.74

4. It was simple to use this system. 4 7 6.45 0.96

5. It was easy to learn to use the system. 5 7 6.33 0.83

6. I believe I could become productive quickly using this system. 5 7 6.4 0.84

7. The way I interact with this system is pleasant. 5 7 6.65 0.58

8. I like using the system. 5 7 6.25 0.87

9. The system is simple and easy to understand. 4 7 6.45 0.87

Ease of Use 6.42 0.83

10. This system is able to do everything I would want it to be able to do. 5 7 6.25 0.87

11. I can easily talk to the clinician using the telehealth system. 4 7 6.56 0.75

12. I can hear the clinician clearly using the telehealth system. 5 7 6.73 0.64

13. I felt I was able to express myself effectively. 5 7 6.48 0.72

14. Using the telehealth system, I can see the clinician as well as if we met in person. 4 7 6.58 0.78

Effectiveness 6.52 0.76

15. I think the visits provided over the telehealth system are the same as in-person visits. 4 7 6.45 0.81

16. Whenever I made a mistake using the system, I could recover easily and quickly. 5 7 6.26 0.91

17. The system gave error messages that clearly told me how to fix problems. 2 7 5.97 1.21

Reliability 6.23 1

18. I feel comfortable communicating with the clinician using the telehealth system. 5 7 6.78 0.48

19. Telehealth is an acceptable way to receive healthcare services. 5 7 6.7 0.56

20. I would use telehealth services again. 5 7 6.54 0.72

21. Overall, I am satisfied with this telehealth system. 5 7 6.74 0.6

Satisfaction 6.69 0.6

Modified from Parmanto, Lewis, Graham, and Bertolet.17

n = number of samples.
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the telemedicine visit arm. Participants’ attention was good for all videos.We are unable to assess how these factorsmight affect the reliability

in an uncontrolled environment. Moreover, video quality and internet signal affected the ability to assess participant grading despite substan-

tial efforts to enhance recording resolution. Tarolli et al. also mentionedmoderate correlations between remote and in-personmotor assess-

ments, with an intraclass correlation coefficient (ICC) of 0.43 for the Movement Disorder Society-Unified Parkinson’s Disease Rating Scale

(MDS-UPDRS) and 0.51 for the UPDRS motor assessment.14 In addition, lower agreement and difficulties in evaluating dystonia (ICC =

0.31) and oculomotor aspect (ICC = 0.41) were demonstrated in a pilot study on remote assessment in Huntington’s disease (n = 11).15

We found that no matter how close the two visits were apart, an hour or a few days, the agreement in facial dystonia grading and injection

requirement was similar at moderate agreement.

After taking symptoms into consideration, the increased sensitivity and NPV in detecting lagophthalmos and drooping lips corresponded

with previous reports of the screening potential of telemedicine by taking a detailed history together with video or photograph examina-

tion.8,18 Supporting evidence for a greater ability to detect related complications was reported.12,13 A kappa coefficient of 0.55 in detecting

facial paresis was correlated with our substantial agreement in lagophthalmos detection (kappa = 0.61), and moderate agreement for both

ptosis (kappa = 0.59) and drooping lips detection (kappa = 0.47).12 Although abnormal eye movement was not present in this study, it was

detected in general neurological patients with a kappa coefficient of 0.58.12 In addition, an overall kappa coefficient of 0.65 was demonstrated

for detecting abnormal extraocular motility, ptosis, and other ocular signs in two ophthalmology clinics.12,13 Since lagophthalmos is a compli-

cation that could be treated by lubrication or lid tapping to prevent further corneal complications, its high detectability by telemedicine could

improve facial dystonia management.2 Our assessors also noted that the chin-up position could enhance lagophthalmos noticeability. This

position was used to detect lagophthalmos in previous reports.19,20

Lower kappa scores, specificity, and accuracy for complications evaluated by signs or symptoms identified during telemedicine visits

compared to signs identified during in-person visits could be explained by higher false positives because people reportedly have symptoms

in the absence of signs.
iScience 27, 109877, June 21, 2024 5
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High usability scoring from this study is consistent with prior satisfactory teleconsultation reports.3,21–23 Lower grading severity in the later

visit in a post hoc subgroup analysis, whether it was telemedicine or in-person visit, could be due to participant familiarity with the examination

processes.

Being the first to investigate telemedicine reliability in the evaluation of both the grading and treatment complications of facial

dystonia was the strength of this study. The examination protocol of this study should be studied further as a possible future

standard.

In conclusion, telemedicine produced high usability scores and better reliability in evaluating facial dystonia treatment complications than

its spasm gradings. The dynamic periodic spasm of the disease should be taken into consideration when assessing difficulties in reaching

higher reliability.
Limitations of the study

The shortcomings of this study were the subjective scale and omission of inter-rater agreement data. The validated JRS was

selected as our major rating scale due to its good internal consistency in assessing BEB and usage acceptance for BEB and

HFS.24,25 Inter-rater agreement was omitted due to resource limitation and similar grading abilities from more than ten years of

experience between our neuro-ophthalmologist assessors (P.H. and S.J.). Nevertheless, each pair of telemedicine and in-person ex-

aminations were graded by the same neuro-ophthalmologist to exclude possible inter-rater effects. Within this context, we aimed to

minimize measurement and recall bias with a washout period of at least eight weeks.26 The telemedicine and in-person visits were

also held less than 2 h apart and performed under controlled examination steps to minimize influencing factors such as rest status,

time, and situation.1,2 Another shortcoming is a relatively small sample size resulting in rather low precision, as demonstrated by a

wide confidence interval. However, paired analysis could add some statistical power and the study results are similar to previous

studies done on different diseases.
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IBM SPSS Statistics 28.0 International Business Machines Corporation

(IBM)

https://www.ibm.com/support/pages/

downloading-ibm-spss-statistics-28

Chula Care Application King Chulalongkorn Memorial Hospital,

Mobile application can be downloaded

through App store and play store. (This

application is available for King Chulalongkorn

Memorial Hospital’s patients after identity

verifications. Telemedicine visits is accessible

only after an official appointment.)

https://chulalongkornhospital.go.th/kcmh/

chula-care-application/

https://apps.apple.com/th/app/chula-care/

id1382259986?l=th

https://play.google.com/store/apps/details?

id=th.go.chulalongkornhospital.

chulacare&pli=1

https://bit.ly/2yzaKjVhttps://chula.virtualhosp.

com/backoffice/login

Other

Telehealth Usability Questionnaire (TUQ) International Journal of Telerehabilitation https://doi.org/10.5195/ijt.2016.6196

Thai version of Telehealth Usability

Questionnaire

International Journal of Telerehabilitation https://doi.org/10.5195/ijt.2023.6577
RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources should be directed to andwill be fulfilled by the lead contact, Parima Hirunwiwatkul (hparima@

gmail.com).

Materials availability

� Thai version of Telehealth Usability Questionnaire (T-TUQ) used to evaluate the usability of telemedicine in this study and the original

version, previously developed and validated, Telehealth Usability Questionnaire (TUQ) has been deposited in publication.17,27

� This study is not related to any reagent or code.
Data and code availability

� All data reported in this paper will be shared by the lead contact upon request.
� This paper does not report original code.
� Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

This diagnostic study was approved by the Institutional Review Board of the Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

(Approval number 433/2021) and registered in the Thai clinical trials registry (TCTR20210508001). Each action in this study was completed in

accordance with the Declaration of Helsinki and Good Clinical Practice guidelines. All participants provided written informed consent.

Objectives

The primary objective was to validate the reliability of telemedicine in evaluating spasm severity and frequency of facial dystonia participants

and any corresponding functional disability. Other secondary objectives were to determine telemedicine’s ability to recognize possible com-

plications of botulinum toxin injections, facilitate decisions on further injections, assess impacts on daily life activities, and assess its usability.

Samples and participants

Since the five severity gradings were grouped into high-grade and low-grade groups, the calculated sample size was 74 recordings consid-

ering an expected kappa coefficient of 0.8, 0.15 precision (kappa=0.65-0.95) 95% confidence level (95%CI) and outcome proportion of

0.7.28–30 After assuming a drop-out rate of 10%, a sample size of 83 telemedicine visits was targeted.
8 iScience 27, 109877, June 21, 2024

mailto:hparima@gmail.com
mailto:hparima@gmail.com
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-28
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-28
https://chulalongkornhospital.go.th/kcmh/chula-care-application/
https://chulalongkornhospital.go.th/kcmh/chula-care-application/
https://apps.apple.com/th/app/chula-care/id1382259986?l=th
https://apps.apple.com/th/app/chula-care/id1382259986?l=th
https://play.google.com/store/apps/details?id=th.go.chulalongkornhospital.chulacare&amp;pli=1
https://play.google.com/store/apps/details?id=th.go.chulalongkornhospital.chulacare&amp;pli=1
https://play.google.com/store/apps/details?id=th.go.chulalongkornhospital.chulacare&amp;pli=1
https://bit.ly/2yzaKjVhttps://chula.virtualhosp.com/backoffice/login
https://bit.ly/2yzaKjVhttps://chula.virtualhosp.com/backoffice/login
https://doi.org/10.5195/ijt.2016.6196
https://doi.org/10.5195/ijt.2023.6577


ll
OPEN ACCESS

iScience
Article
Eighty-three in-hospital telemedicine visit video recordings of facial dystonia participants were collected from the botulinum toxin outpa-

tient clinic, Department of Ophthalmology, King Chulalongkorn Memorial Hospital (KCMH), Bangkok, Thailand. In-hospital telemedicine

visits were arranged through KCMH telemedicine application called ‘‘Chula care’’. Within two hours apart, in-person visits evaluated by a

neuro-ophthalmologist was considered as the gold standard best practice.

Potential Thai, Southeast Asian ethnic, facial dystonia participants in both sexes of any gender, at any stage of disease, were recruited by

invitation at the clinic from 11November 2021 to 31March 2022. Demographic data can be found in Table 1. Eligible participants were at least

18 years old with the ability to communicate and use the hospital telemedicine application either by themselves or with help from their care-

givers in Thai. Participants with fluctuating co-morbidities such as myasthenia gravis and diseases that decrease the ability to communicate

through telemedicine such as severe dementia were excluded.

Participants in this study were healthy immunocompetent host and naı̈ve to the study experimental model. No procedures prior to this

study were arranged to any participants.

METHOD DETAILS

Before each telemedicine visit, participants were trained on how to use the telemedicine application by finding the proper environment, po-

sition, and lighting for high quality video according to the following setups:

(1) Position in room with windows

� Front-facing the window

� Avoid back-facing and side-facing
� Close curtains to adjust lighting for best visualization
(2) Ceiling light position
� In front of the camera
� Not directly above nor at the side of the participants
� Can be turned off if there are other lighting source
(3) Stand lighting properties

� Ring LED light size six to eight inch in diameter
� Cool white light color

� Appropriate intensity for facial visibility with minimum reflective light
(4) Camera/Mobile phone position

� Center the camera in front of the ring LED light

� Center the camera in front of participants faces at eye level
� Move closer or farther to entirely visualize participants’ faces to neck
� Use stand phone holder for stabilization

� While looking straight, please look at the camera on the phone not the screen.
On the first two visits at baseline and 4-6 weeks, each participant was examined by a neuro-ophthalmologist (P.H. or S.J.) for spasm grad-

ings, signs of complications, and impaired daily activities. Less than two hours apart, the first two telemedicine visits were held by non-assessor

researchers (P.P.,W.T., B.A.) and recordedwithout evaluation at the KCMH telemedicine clinic (Figure 1). Botulinum toxin was later injected as

indicated in the first visit. Symptoms of complications were collected only during the telemedicine visit. Video recordings of the first and sec-

ond visit were considered to be independent of each other due to different clinical presentations. At 12 to 14 weeks, the last non-recorded

telemedicine visit was held from the participant’s place within two days before the third in-person visit to evaluate the actual telemedicine

usability. Further treatment decisions and spasm gradings were collected in the last visit. After a washout period of more than eight weeks,

the first two telemedicine visits videos were de-identified, re-ordered, and later evaluated by the same neuro-ophthalmologist (P.H. or S.J.),

who evaluated the participants during the correlated in-person visits (Figure 1). Each pair of telemedicine and in-person examinations were

graded by the same neuro-ophthalmologist to exclude possible inter-rater effect. All telemedicine and in-person visits were performed ac-

cording to an adapted protocol:

(1) Patients at rest, eyes open (10 sec)

(2) Patients voluntarily perform a forceful eye closure and grin followed by eye reopening andmouth closure (repeated 5 times, one cycle

per second)

(3) Patients at rest, eyes open (10 sec)

(4) Patients voluntarily perform gentle eye closure followed by eye reopening (repeated 5 times, one cycle per second)

(5) Patients at rest, eyes open (10 sec)

(6) Patients voluntarily perform a static pout with bloated cheeks (10 sec)

(7) Patients at rest, eyes open (10 sec)

(8) In primary head position, patients look to the left, to the right, up and down while using both hands to lift their upper lids. (15 sec)
iScience 27, 109877, June 21, 2024 9
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(9) Patients at rest, eyes open (10 sec)

(10) Patients voluntarily perform gentle eye closure and chin up to detect lagophthalmos. (10 sec)

(11) The doctor asks the patient the following questions:

(12) How’s the severity and frequency of the spasmodic eyelids and facial musculatures?

(13) Do you have a symptom of water in your eyes while washing your face?

(14) Do you notice that you have drooping lids or unequal lids position?

(15) Any drooling from the side of your mouth while drinking or brushing your teeth?

(16) Do you see double vision? Is the diplopia in a vertical or horizontal direction?

(17) Do facial spasms affect your daily life activities? What are the affected activities?

(18) Patient at rest, eyes open (at least 120 sec), avoid extraneous movements or head and face touching which could affect the spasm

severity.24
QUANTIFICATION AND STATISTICAL ANALYSIS

Outcomes and measurements

Spasm severity and frequency gradings were the primary outcomes as measured by the JRS graded from 0 to 4.25 Gradings were collected

separately and later categorized into two groups, the high-grade or incapacitated group (grade 3-4) and the low-grade or non-functionally

disabled group (grade 0-2). Secondary outcomes were: (1) signs and symptoms of complications after treatment including lagophthalmos,

ptosis, drooping lips, and extraocular muscles limitation; (2) impaired daily activities; (3) usability, assessed by the Thai version of Telehealth

Usability Questionnaire (T-TUQ).27 This questionnaire was translated from a previously developed and validated Telehealth Usability Ques-

tionnaire (TUQ), with permission from the questionnaire developer, University of Pittsburgh.17,27 Translation and back translation processes

were reviewed for content validity by four expert judgements and pilot cognitive interview with ten patients.27 Each question was scored

based on a seven-point Likert scale and classified into five subscales: usefulness, ease of use, effectiveness, reliability, and satisfaction

(Table 4).17
Statistical analysis

Appropriate descriptive statistics including mean with SD, frequency and percentage were used to describe subject characteristics, affected

daily activities, and usability score in results, Table 1, and Table 4.

Intra-rater agreement between telemedicine visit videos and in-person visit evaluations was assessed by quadratic weighted kappa coef-

ficient for spasm severity and frequency separately. The kappa coefficient statistic was calculated to evaluate the binary outcomes agree-

ments, which are the categorized severity and frequency gradings, detection of complications by signs alone, detection of complications

by signs or symptoms identified during telemedicine visit compared to signs identified during in-person visit, and decisions for further

botulinum toxin injection in Table 2. The employed definition of kappa was previously described by Landis and Koch.30 Using an in-person

evaluation by a neuro-ophthalmologist as the gold standard best practice, sensitivity, specificity, PPV, NPV, positive likelihood ratio, negative

likelihood ratio, and accuracy were further calculated with 95%CI in Table 3. Inter-rater agreement was omitted because our neuro-ophthal-

mologist assessors (P.H. and S.J.) have similar JRS grading abilities through experience and real-life practice. All analyses were performed

using SPSS (version 28.0; IBM Corp) without imputation of missing data. Indeterminate results were discussed between P.H. and S.J.
ADDITIONAL RESOURCES

The original Telehealth Usability Questionnaire (TUQ) and Thai version Telehealth Usability Questionnaire (T-TUQ) are available through

https://doi.org/10.5195/ijt.2016.6196 and https://doi.org/10.5195/ijt.2023.6577, respectively.26 This study was registered in the Thai clinical

trials registry (TCTR20210508001) available through https://www.thaiclinicaltrials.org/#.
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