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Abstract

Importance:

Understanding how the quality of life of adults (=18 years) with peripheral facial palsy can
be estimated using clinician measures of facial function and patient-reported variables
might aid in counseling patients and in conducting research.

Objectives:

To analyze associations between clinician-graded facial function and patient-reported
quality of life in adults with peripheral facial palsy, compare associations between facial
function and the physical and social functions of quality of life, and examine factors that
might influence the associations.

Data Sources:
A literature search was conducted in PubMed, Embase, CINAHL, Web of Science and Psy-
cInfo on June 4, 2020, with no restrictions on the start date.

Study Selection:

Twenty-three studies reporting an association between clinician-graded facial function
and patient-reported quality of life in adults with peripheral facial palsy were included.
Facial function instruments included the House-Brackmann, Sunnybrook Facial Grading
System, and electronic clinician-graded facial function assessment. Quality-of-life instru-
ments included the Facial Disability Index and Facial Clinimetric Evaluation Scale.

Data Extraction and Synthesis:

Data extraction and qualitative synthesis were performed according to the Meta-analysis
of Observational Studies in Epidemiology guidelines. Record screening, data extraction,
and quality assessments were done by 2 researchers independently. Data were pooled
using random-effects models.

Main Outcomes and Measures:
The main outcome was the association between facial function and quality of life, quanti-
fied by Pearson r, Spearman p, or regression analysis.

Results:

In total, 23 studies (3746 participants) were included. In the 21 studies that reported on the
sex of the cohorts, there were 2073 women (57.3%). Mean or median age ranged from 21 to
64 years and mean or median duration of palsy ranged from newly diagnosed to 12 years.
Bell palsy (n =1397), benign tumor (n = 980), and infection (n = 257) were the most common
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etiologic factors. Pooled correlation coefficients were 0.424 (95% Cl, 0.375-0.471) to 0.533
(95% Cl, 0.447-0.610) between facial function and Facial Clinimetric Evaluation Scale total,
0.324 (95% Cl,0.128-0.495) to 0.397 (95% Cl, 0.242-0.532) between facial function and Facial
Clinimetric Evaluation Scale social function, 0.423 (95% Cl, 0.322-0.514) to 0.605 (95% Cl,
-0.124-0.910) between facial function and Facial Disability Index physical function, and
0.166 (95% Cl, 0.044-0.283) t0 0.208 (95% Cl, 0.031-0.373) between facial function and Facial
Disability Index social function.

Conclusions and Relevance:

Associations noted in this systematic review and meta-analysis were overall low to mod-
erate, suggesting that only a small part of quality of life is explained by facial function.
Associations were higher between facial function and physical function than social func-
tion of quality of life.

Key points

1) Question: What is the association between clinician-graded facial function and
patient-reported quality of life in adults (=18 years) with peripheral facial palsy?

2) Findings: This systematic review and meta-analysis of 23 studies including 3746 partici-
pants found that associations between clinician-graded facial function and patient-re-
ported quality of life were overall low to moderate. Facial palsy severity was associated
more with the physical than social function of quality of life.

3) Meaning: This study noted that quality of life can only moderately be estimated by
facial function, suggesting that, in both clinical practice and research, factors other
than clinician-graded facial function need to be taken into account.
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Introduction

Facial palsy results in weakness of the mimic muscles, which may result in problems with
eye closure, eating, drinking, and smiling.»® Facial palsy negatively affects quality of life
(QOL).*® Traditionally, measures of facial function impairment are standardized using
clinician-graded scales for facial symmetry and function, such as the House-Brackmann
scale,” Sunnybrook Facial Grading System,® and an electronic clinician-graded facial func-
tion assessment (eFACE).° Quality of life is usually assessed with patient-reported outcome
measures (PROMs). More general PROMs, such as the 36-item Short Form, allow for com-
parison with other diseases.®!! Disease-specific PROMs are better suited for assessing
the association between a specific condition and QOL. Disease-specific QOL in persons
with facial palsy can be assessed using PROMs, such as the Facial Disability Index (FDI)
and the Facial Clinimetric Evaluation scale (FaCE).!>** These questionnaires distinguish
physical and social burden. Simultaneous application of a clinician-graded scale and a
PROM enables studying associations between the severity of facial function impairment
and disease-specific QOL.

Several studies have analyzed this association, but sample sizes are often small and results
inconsistent.*%%12 The strength of the associations found varies widely. This variety may be
associated with differences in sample characteristics, such as cause and duration of palsy,
age and sex of the sample, and the measurement instruments used.*® Previous systematic
reviews evaluating QOL in adults with peripheral facial palsy focus on QOL before and
after treatment and on psychosocial symptoms (eg, anxiety and depression).!*¢ However,
current literature lacks an overview and summary of associations between the severity of
facial function impairment and QOL, which might provide insight into which part of QOL
can be estimated by facial function and which part can be estimated by other variables.
Such an overview might be helpful in clinical decision-making. Therefore, we conducted
a systematic review and meta-analysis of associations between clinician-graded facial
function and patient-reported disease-specific QOL in adults with peripheral facial palsy.
We analyzed differences in the strength of the associations between facial function and
various domains (ie, physical and social functioning) of QOL. We compared the associations
of different facial function instruments with the same QOL instrument. In addition, we
performed a meta-regression analysis to examine which patient characteristics appear to
influence the associations.
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Methods

Database search

This review is reported according to the Meta-analysis Of Observational Studies in Epide-
miology (MOOSE) reporting guideline and the review protocol is registered.’® The search
strategy was developed with an information specialist of the University of Groningen. The
search was conducted on June 4, 2020, in PubMed/MEDLINE, Embase, CINAHL, Web of
Science, and PsyciInfo (Appendix 6.1). Search terms included related terms for facial palsy
(eg, facial paral*, facial disabil*) and quality of life (eg, patient outcome, QOL). Duplicate
publications were removed using an Endnote de-duplication method.* Inclusion crite-
ria for abstracts were adults (=18 years) with facial palsy, reported clinician-graded facial
function scores, reported QOL scores, and a reported association or possibility to calcu-
late an association between facial function and QOL. Exclusion criteria were studies with
fewer than 10 cases, conference proceedings, and reviews. No language or date restrictions
were imposed. A training session regarding the selection of articles using the inclusion and
exclusion criteria was held between the 2 reviewers (T.E.B. and M.M.v.V.), using a random
sample of 14 publications of the search. Titles and abstracts and thereafter full-text publi-
cations were screened for eligibility independently by the 2 reviewers. Disagreement was
discussed between the 2 reviewers; if unresolved, a third researcher (P.U.D.) gave a binding
verdict. Agreement between the 2 reviewers was calculated for screening titles, abstracts,
and full-text publications.

For full-text selection, additional criteria were peripheral facial palsy, specified instru-
ments for grading facial function (House-Brackmann, Sunnybrook Facial Grading System,
or eFACE), specified QOL instruments (FDI or FaCE), and a maximum interval of 4 weeks
between measurement of facial function and QOL. Full-text articles in the English, Dutch,
German, French, Spanish, and Italian languages were included because the research team
was sufficiently proficient in these languages.

The choice for specific measurement instruments was based on a preliminary search
on eligible studies and recommendations of previous systematic reviews. A systematic
review concluded that the Sunnybrook Facial Grading System was the only appropriate tool
according to the criteria given in that review.?® The eFACE was developed and validated,
and we included this instrument.® The House-Brackmann scale was the most frequently
used toolin the past 5 years in eligible studies and was therefore also included.* Another
systematic review concluded that the FDI and FaCE scale were appropriate QOL instru-
ments.? The preliminary search supported this choice and no additional QOL instruments
were included.
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Quality assessment and data extraction

Quality of the included studies was assessed using the quality assessment tool for obser-
vational cohort and cross-sectional studies from the National Institute of Health.?* Three
items regarding comparability between participants and nonparticipants, blinding partici-
pants for facial function scores, and reporting missing data were added to fit the aim of this
review. A total of 11 items were assessed (Appendix 6.2). A composite score was not used,
becauseitis less suitable for rating overall quality.* Extracted data included sample char-
acteristics (number of participants, sex, age, duration of palsy, and cause of palsy), study
design, instruments used to assess facial function and QOL, and the calculated associa-
tion between facial function and QOL. Regardless of the study design, only cross-sectional
data were extracted because we were interested in the association between facial palsy
severity and perceived QOL. If a study had several measurement moments, available data
of the measurement moment with the largest sample size were extracted. Corresponding
authors were contacted for additional information in case of missing data and if a regres-
sion coefficient was reported instead of a correlation coefficient. Regarding the cause
of the palsy, the following categories were distinguished: Bell palsy or idiopathic, tumor
(benign, malignant, or unspecified), infection, iatrogenic, trauma, congenital, and other/
unknown (Table 1). Quality assessment and data extraction were conducted by the same
2 reviewers independently with the third researcher giving a binding verdict if necessary.

Statistical analysis

Agreement between the 2 reviewers was expressed as absolute agreement and Cohen k
value. Meta-analysis was performed using Comprehensive Meta-analysis, version 3 soft-
ware (Biostat Inc),? using a random-effects model. Effect sizes are presented as correlation
coefficients, 95% Cls, and P values, with significance set at P<.05. The House-Brackmann
correlations were converted to positive correlations for easier comparing. Statistical het-
erogeneity between studies was assessed by calculating 12 values, whereby 0% to 40% was
classified as low, 30% to 60% as moderate, 50% to 90% as substantial, and 75% to 100% as
considerable heterogeneity.? 2" To explore any apparent influence of age, sex, duration of
palsy, and cause of palsy on the association between facial function and QOL, univariate
meta-regression analyses were performed using the same software.

Results

The database search resulted in 2109 records. After full-text screening, 23 studies were
included for narrative review and meta-analysis (figure 1). The studies by Tavares-Brito et
al®and van Veen et al* both met the inclusion criteria but were based on the same sample;
thevan Veen et al' study was excluded because it provided analysis for the separate groups
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(flaccid or nonflaccid palsy) and not for the total sample. The Cohen k values were 0.65
(88% agreement) for screening abstracts and 0.87 (98% agreement) for full text.

2109 Records identified through
database searching
688 PubMed
897 Embase
110 CINAHL
343 Web of Science
71 Psycinfo

> 756 Duplicates excluded ‘

Y
1353 Records screened after removing duplicates

> 989 Records excluded ‘

Y
364 Full-text articles assessed for eligibility

341 Full-text articles excluded
171 Alternative instruments

66 No original data

59 No association calculated

17 Unable to translate

14 No peripheral facial palsy
7 With <10 cases
4 Publication not available
2 Measurements >4 wk apart
1 Overlapping sample

Y
23 Studies included in qualitative synthesis

Y

23 Studies included in quantitative synthesis
(meta-analysis)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses Flow Diagram.
From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting
Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097.
doi:10.1371/journal.pmed1000097.
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Study characteristics

In total, 3746 participants were included in 23 studies (table 1).1410:12.13,2540 Samp|e sizes
ranged from 15 to 920 patients.>% In the meta-analysis, the number of participants used
to calculate associations between facial function and QOL ranged from 3039 (81%) to 3665
(98%). In the 21 studies that reported on the sex of the cohorts, there were 2073 women
(57.3%) and 1546 men (42.7%). Mean or median age ranged from 21 to 64 years.** Mean
or median duration of palsy ranged from newly diagnosed to 12 years.** Bell palsy (1397
[37%)]); benign tumors (980 [26%)]), most of which were acoustic neuroma (=774 [280%)]);
and infection (257 [7%)]) were the most common causes of palsy; 2 studies did not report
cause.>* The Sunnybrook Facial Grading System was the most commonly used facial func-
tion instrument in 16 studies,* & 1213.25.26,2831,3336,38,40 and the FDI was the most commonly
used QOL instrument in 18 studies.*10:12,13,25:28,30-36,38-40

Risk of bias

In 22 studies (96%), the populations were clearly defined (item 1), in 21 studies (91%), par-
ticipants were selected from similar populations (item 4a), and in all studies, inclusion and
exclusion criteria were specified and uniformly applied (item 4b) (Appendix 6.3). Three
(12%) studies analyzed comparability between participant and nonparticipant charac-
teristics (items 3a, 3b). Three (13%) studies provided a sample size justification (item 5),
clinicians were blinded in 2 (9%) studies, and participants were blinded in 4 (17%) studies
(items 9a, 9b). In 20 studies (87%), potential confounding variables were measured, but
only 5 studies (22%) adjusted for confounders.* 3103740

Associations between facial function and QOL

Figure 2A shows correlation of FaCE total with heterogeneity (1) of pooled associations.*
13,31,34-38,40.44 |n the meta-analyses, pooled correlation coefficients between the QOL instru-
ment FaCE total score and the other facial function instruments showed 0.424 (95% Cl,
0.375-0.471; 12=0%) for eFACE, 0.533 (95% Cl, 0.447-0.610; I> = 69%) for House-Brackmann,
and 0.533 (95% Cl, 0.447-0.610; I? = 52%) for the Sunnybrook Facial Grading System (Figure
2A). Pooled correlation coefficients between FaCE social function and the other instru-
ments were 0.324 (95% Cl, 0.324 (95% Cl, 0.128-0.462; I> = 23%) for eFACE, 0.397 (95% Cl,
0.242-0.532; 1?=79%) for House-Brackmann, and 0.356 (95% Cl, 0.238-0.463; |12 = 44%) for
Sunnybrook Facial Grading System (Figure 2B).1%13:28,29,31,34-36.35,40,44
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Figure 2. Correlations Between the Facial Clinimetric Evaluation Scale (FaCE) and Other Instru-

ments.
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Figure 3. Correlations Between the Facial Disability Index (FDI) Physical (p) and Social (s) Scales

and Other Instruments.

01

(12 %S6) uolieaLIo)

&0

(F1S°001TTE0) £THO as pajood
(65t°0 03 6ET°0-) 9LT0 187 as 0202 op'18 32 107
(96%°0018TT°0) 0ZE0 88 as 1202 g¢'1e 32 punjAg
(TLE00IE60°0-) LPT O 69 as 020 518 32 suinig
(55£°003922°0) TS0 o€ as 610T g¢'1€ 32 |eqRZISUY-ZE)Q
(#05°0 03 ¥90°0) 000 L9 as 610 gc'1e 12 A1eg
(15£°00181Z°0) 9£5°0 (1]3 as 8107 pe'12 12 109
(155°003641°0) 08€°0 €8 gas LT0T g¢1e 32 Buoy)
(985°0 03 £9Z°0) Ot+°0 00T as ¥10Z o¢'1e 12 asaned
(6€£°0 03 68%°0) 0£9°0 €6 as £10T gz'1€ 33518y
(916°0 03 90+°0) 09£°0 c1 as 8007 oz"1€ 32 S123[114
(¥%9°0 03 8£1°0) O¥+°0 8t as 8661 gz'1e 12 uabulieams uea
(569°0 03 ¥5Z°0) L0S'0 9f as 966T z1'Ue.g pue uaburieams uea
(L09°003 TTE0) EL¥°0 gH pajood
(#06°0 03 0££°0) LESO 15 aH 0207 g¢ 18 32 UdpzQ
(LEF'0 03 €£+0°0) 0ST'0 88 gH 1207 g¢'12 13 punifg
(¥¥5°0 03 0Z1°0) 0SE0 L9 aH 610 ¢'1e 32 Arieg
(SEE0 03 TOT'0) TZT0 957 gH LT0T g7l 3@ Y10A
(T€S°0 03 66£°0) 89%°0 6ES gH 9107 z¢'18 32 UBHAAL
(#2270 03 ¥9%°0) 019°0 €6 aH £10T gz'12 12 )s1ey
(5£5°0 03 20Z'0) S0¥°0 6L gH Z10Z ;z'1B 39 013ple)-Z3)ezuo
(0T6°003 ¥Z1°0-) S09°0 EB)AL] pajood
(S68°003T£9°0) T18°0 184 ER)AL] 0202 op'18 39 3107
(£9%°0 03 890°0) 08Z°0 €8 30V42 £T0T g¢'1e 32 Buoy)
:u xmmv uonejalio) 1ejol .._om_._mn_:._ou 221n0§
(d)ia4 v

106



IS

systematic review and meta-analys

Associations between facial function and quality of life

'S1D %66 Sunpuasaidai

spuowelp ayj jo syuiod ay3 yum ueaw pajood ay3 Juasatdal spuowelq ‘S| %G6 uijuasaidal saul) |ejuoziioy pue 3ydiam 3uijedipul sasenbs ayy Jo azis ayy
Y3Mm ‘sanjen uesw juasatdal sasenbs ‘uosuiedwod Jaises 4oy sanjea aAl}Isod 0} pa3IaAu0d aJam gH aY3 Sulpnidul suole]a.lo) (%T¢2) 9S Pue (%89) aH (%0)
JDVY49 usamiaq suoirerdosse pajood Jo A}19us304319Y YHM (S)]d4 JO UOIIR)aLI0D ‘g *(9%SS) (aS) WalsAS Sulpeus |e1de4 yoouqAuuns pue (9,88) (gH) uuewdeig
-9SNOH (%56) (IDV43) JUBWSSISSE UOIIdUNY [BIDR) Pape.IS-UeIDIUL O1U04}I9]d Udamiaq suoljeldosse pajood Jo (z|) Ayauadouisiay yam (d)|a4 jo uone)aliod ‘v

(1D %56) uonelaliod
01 50 0

-

5'0-

(99Z°001560°0) Z8T0 as pajood
(£L#'0019TT°0-) 66T°0 184 as 0202 gp'18 32 M10A
(¢82°001621°0-) 0800 06 as 120T g¢'18 32 punmifg
(90€£'003Z91°0-) 9£0°0 0L as 0207 5'1e 33 suinig
(62¥'0012£0°0-) 0TZ0 L9 as 6107 c'1e 32 Auleg
(T9€°00365€°0-) T000 0€ as 8T0T pe'12 12 QKD
(00€£°0018Z1°0-) 0600 €8 as LT0T g¢1e 32 Buoy)
(£££°003£00°0-) 06T°0 001 as ¥10T o¢'1€ 12 3saned

(855°003 #TZ°0) 00F°0 €6 as £10T gz'1e 12 s1ely

(609°'0039T1°0) 06£°0 Ly gs 8661 ¢z'1€ 19 UabULIBIMS UBA
(0S€'0036ZZ°0-) 9900 9% as 966T z1'Ude.g pue uaburieams uea

(€8Z°003 #%0°0) 99T°0 gH pajood

(#£5°003880°0) SSE0 15 aH 0207 g¢'18 32 UapzQ
(E£Z°0016ET°0-) 0L00 06 aH 120Z g¢'12 32 punifg

(Z9%°0030T0°0) 0SZ°0 L9 aH 6107 ¢'1e 32 Auleg
(S£1°001690°0-) ¥S0°0 957 aH 0202 o118 13 310
(€21°0039%0°0-) 6£0°0 6€S aH 9107 z¢'1e 12 UdaAL

(Z¥S'0 03 T6T'0) 0870 €6 aH £107 gz'18 33518

(€££°001T£0°0) 8020 EB)ZL] pajood
(S9Y'00ITET'0-) ¥8T°0 184 ERLZL 0207 op'18 33 Y107

(9T#°003500°0) 02T 0 £8 EB)ZL] £10T g¢'1e 32 Buoy)

(12 %56) uonejRLI0) jejop  uosuedwo) 221n0s

(s)a4 (8]

107



Chapter6

Pooled correlation coefficients between FDI physical function and the other instru-
ments were 0.605 (95% Cl, —0.124 to 0.910; I> = 95%), for eFACE, 0.473 (95% Cl, 0.311-0.607;
I>=88%) for House-Brackmann, and 0.423 (95% Cl, 0.322-0.514; I> = 55%) for Sunnybrook
Facial Grading System and (Figure 3A).*10.12.25,28,30,3235,38-40 pog|ed correlation coefficients
between FDI social function and the other instruments were 0.208 (95% Cl, 0.301-0.373;
12=0%) for eFACE, 0.166 (95% Cl, 0.044-0.283; I> = 68%) for House-Brackmann, and 0.182
(95% Cl, 0.095-0.266; I> = 21%) for Sunnybrook Facial Grading System (Figure 3B).* 101225
28,30,32:35,3840 The strongest pooled correlation, based on 2 studies, was found between
the eFACE and the FDI physical function. The weakest pooled correlation, also based on
2 studies, was found between the House-Brackmann and FDI social function. We exam-
ined whether the choice of facial function instrument was associated with the association
between facial function and QOL by comparing 95% Cls. Forest plots show overlapping
95% Cls of the pooled correlations between eFACE, House-Brackmann, and Sunnybrook
Facial Grading System and the same QOL outcome (Figure 2).

Associations between facial function and the physical and social domain of QOL
Pooled correlation coefficients between facial function and QOL were higher for the phys-
ical domain of QOL, represented by FaCE total and FDI physical function (Figure 2A, Figure
3A), than for the social domain, represented by FaCE and FDI social function (Figure 2B,
Figure 3B).

The results of the meta-analysis examining the correlations between facial function and
all FaCE subdomains are presented in Appendix 6.4. The strongest correlations with the
subdomain facial movement of the FaCE were noted with House-Brackmann (0.593; 95%
Cl,0.443-0.711), Sunnybrook Facial Grading System (0.634; 95% Cl, 0.496-0.741), and eFACE
(0.531;95% Cl, 0.197-0.754).

Factors influencing the association between facial function and QOL

Only factors apparently influencing the associations between the Sunnybrook Facial
Grading System score and QOL could be evaluated in the meta-regression analysis,
because the number of studies was too limited for any other associations to be analyzed.
The number of studies included in the meta-regression analysis ranged from 6 to 11. This
meta-regression does not show the association between a factor and QOL; rather, how
a factor relates to the association between facial function (Sunnybrook Facial Grading
System) and QOL is estimated. The mean age of the participants was associated with the
correlation between Sunnybrook Facial Grading System and FDI social function (0.018;
95% Cl, 0.000-0.037) (Table 2), indicating that, in studies with a higher mean age of the
populations, the associations found apparently are higher (0.018 per means in years of age).
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Table 2. Meta-regression univariate

Association Covariate (n studies) Coefficient (C195%) p-value
SB with FaCE total Intercept age -1.150 (-3.332; 1.032) 0.30
Age, mean (6) 0.034 (-0.008; 0.076) 0.11
Intercept % female 0.300(-0.524; 1.121) 0.48
% female (7) 0.006 (-0.009; 0.021) 0.41
Intercept % Bell’s palsy 0.467 (0.251; 0.683) <0.001
% Bell’s palsy (11) 0.003 (-0.001; 0.006) 0.18
SB with FaCE social function Intercept age -1.742 (-3.397; 1.914) 0.58
Age, mean (6) 0.021 (-0.030;0.071) 0.42
Intercept % Bell’s palsy 0.240 (-0.041; 0.521) 0.10
% Bell’s palsy (9) 0.002 (-0.002; 0.007) 0.30
SB with FDI(p) Intercept age 0.843(-0.050; 1.736) 0.06
Age, mean (11) -0.007 (-0.026; 0.011) 0.42
Intercept % female 0.479 (-0.113; 1.070) 0.11
% female (10) 0.000 (-0.010; 0.010) 0.98
L”;E;Cept duration 0.382 (-0.259, 1.022) 0.24
Duration palsy (4) 0.047 (-0.120;0.213) 0.58
Intercept % Bell’s palsy 0.407 (0.184; 0.630) <0.001
% Bell’s palsy (10) <0.001 (-0.003; 0.005) 0.68
SB with FDI(s) Intercept age -0.712 (-1.617;0.193) 0.12
Age, mean (9) 0.018 (0.000; 0.037) 0.05
Intercept % female 0.170(-0.378; 0.718) 0.54
% female (8) <0.001 (-0.009; 0.010) 0.98
Intercept % Bell’s palsy 0.144 (-0.012; 0.300) 0.07
% Bell’s palsy (8) <0.001 (-0.002; 0.003) 0.63

Abbreviations: FaCE, Facial Clinimetric Evaluation scale; FDI, Facial Disability Index physical (p) and
social (s) function; SB, Sunnybrook Facial Grading Instrument.

Discussion

This systematic review and meta-analysis examined the association between clini-

cian-graded facial function and patient-reported, disease-specific QOL in adults with

peripheral facial palsy. Associations were low to moderate, meaning that only a small

part of QOL is explained by facial function and a considerable part of QOL is explained

by other factors. Our findings are in concordance with previous literature. In a systematic

review examining the association between disease-related impairments and health-re-

lated QOL in patients with various disorders, pooled effect sizes less than or equal to 0.46
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were found.* The authors stated that QOL scores do not adequately reflect impairment
because these scores appear to be influenced by factors in addition to the impairment.
Studies analyzing variables associated with QOL in patients with facial palsy described
that, in general, a shorter duration of palsy, an older age, female sex, higher depression
scores, higher anxiety scores, and worse facial function were associated with lower QOL.**®
6 A study examining the explained variance (R?) of QOL suggested that the FaCE total score
is largely determined by the eFACE and a smaller portion might be explained by other
factors, such as sex and type of visit (initial evaluation or follow-up).*

In this review, the correlation between the facial function and social function domain of
QOL was weaker than the correlation between facial function and physical function. Dif-
ferent patients with the same facial palsy severity may experience social burden differ-
ently, and patients experiencing the same social burden may have variations in facial palsy
severity. Previous studies found increased anxiety and depression rates in persons with
facial palsy,'>“*° but anxiety or depression was not associated with facial palsy severity.** A
systematic review examining the psychosocial aspects of facial palsy advises psychological
screening of every patient given the inconsistencies between studies in the strength of the
correlation between facial palsy severity and psychosocial outcomes.* Although psychoso-
cial counseling has been previously recommended, to our knowledge, there is no research
published on what type of counseling is needed most in the facial palsy population.¢5%5!

We examined whether the choice of facial function instrument affects the association
between facial function and QOL. We consistently found overlapping 95% Cls of summary
statistics when correlating the 3 facial function instruments with the same QOL instrument
(Figures 2 and 3), so no significant differences in strength of the correlations were found.
The House-Brackmann instrument has received increasing criticism owing to its crude
scale, which does not allow for distinguishing changes in different regions of the face and
is therefore deemed less suitable for clinical and scientific evaluation of facial palsy.”2%52

The meta-regression analyses showed that only mean age of the study population influ-
enced the association between the Sunnybrook Facial Grading System and FDI social func-
tion, indicating that in studies with a higher mean age, the associations were somewhat
higher (0.018 per means in years of age). Clinically, this finding suggests that, in older partic-
ipants, the association between facial function and social function is somewhat higher, and
vice versa, with younger patients more variable in experiencing social burden independent
of facial palsy severity. Other factors analyzed in the meta-regression were percentage
of women, duration of palsy, and diagnosis of idiopathic facial palsy, which were not sig-
nificantly different or could not be analyzed owing to the small number of studies. The
lack of significant findings in our meta-regression could be due to heterogeneity between
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studies, probably related to large variability in patient characteristics, such as sex ratio,
age, and duration of palsy (clinical heterogeneity). Obtaining a homogeneous sample with
a sufficient number of patients with facial palsy is difficult owing to the great variability
in age at occurrence, disease course, cause of palsy, laterality, previous treatment, and a
low incidence.**** Methodologic variations between studies, such as differences in facial
function assessment, outcome assessment, and handling of confounders and missing data,
may also have contributed to the large heterogeneity.®

Risk of bias assessment

There is no single method best for assessing risk of bias in observational studies because
there is disagreement on how to approach risk of bias assessment.*®>” Because this review
analyzed cross-sectional data, we chose a tool suited for this purpose and modified it
slightly so that it better met the aim of the study. Overall, it appeared that studies failed to
report the method. For example, 57% of the studies analyzed did not report whether facial
function and 43% whether QOL assessments were implemented consistently. Whether
assessors were blinded to QOL scores of patients was not reported in 61% of the studies
and whether participants were blinded to facial function scores was not reported in 70%
of the studies. For better comparison of studies and to estimate the risk of bias adequately,
future research should better report exposure and outcome assessment.

Limitations

The study had limitations. In this review, physical function is defined as FaCE total score
and FDI physical function. A limitation of this approach is that the FaCE total score also
comprises a social subdomain. There is not one subdomain of the FaCE that directly
matches the FDI physical function and it was not possible to exclude the social subdomain
and merge all physical subdomains of the FaCE. However, when comparing the pooled cor-
relations of the FaCE total (Figure 2A) with the FaCE subdomains (Appendix 6.4), there was
no indication that including social function data as part of the FaCE total score was associ-
ated with the conclusion of this review. Clinical and methodologic heterogeneity, indicated
by high 12 values, was substantial between studies, suggesting bias. Another limitation of
this review is that every study analyzed the association between facial function severity
and QOL in a linear model. To our knowledge no study has ever explored whether another
model fit might better explain the association between facial function and QOL. Another
model might better explain the association between clinician-graded facial function and
QOL. Furthermore, some of the included studies used Spearman p and some used Pearson
r to analyze their data, but there were too few studies that used Pearson r to test whether
the choice of test statistic appeared to influence the association found. In addition, the
pooled correlations were not adjusted for covariates.
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This review provides insight into which part of QOL can be explained by facial function and
which partis explained by other variables. Given the considerably large unexplained part,
we recommend assessing facial palsy using both clinician-graded as well as patient-re-
ported instruments. Existing relevant literature is limited by small sample sizes and a large
amount of heterogeneity between studies. Although large sample sizes are often difficult
to obtain in the field of facial palsy, it would be beneficial to aim for such sample sizes in
future research.

Conclusions

This systematic review and meta-analysis noted that clinician-graded facial function and
patient-reported, disease-specific QOL appear to be only moderately correlated. Partic-
ularly, the social function domain of QOL is weakly correlated with the severity of facial
function impairment, emphasizing that the psychosocial burden that comes with periph-
eralfacial palsy is not necessarily defined by the severity of the palsy. Therefore, we recom-
mend assessing facial palsy using both clinician-graded and patient-reported instruments.
Future research should focus on identifying factors other than severity of facial function
impairment that might influence QOL in adults with peripheral facial palsy.
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Appendix 6.1. Search strategy

Database

Strings

Pubmed
(Medline)

(“Facial Paralysis”[Mesh] OR “Facial Nerve Diseases”[Mesh] OR “facial paral*”[tiab]
OR “facial pals*” [tiab] OR “facial pares*”[tiab] OR “facial disabil*”[tiab] OR “facial
dysfunct*”[tiab] OR “facial function*”[tiab] OR “Sunnybrook Facial”[tiab] OR
SFGS[tiab] OR eFACE[tiab] OR “House-Brackmann”[tiab])

AND

(“Quality of Life”[Mesh] OR “Patient Reported Outcome Measures”[Mesh] OR “Patient
Outcome Assessment”[Mesh:NoExp] OR “quality of life”[tiab] OR QoL[tiab] OR
HRQoL[tiab] OR “patient-reported”[tiab] OR “patient outcome*”[tiab] OR “Facial
Clinimetric evaluation”[tiab] OR “FaCE scale”[tiab] OR “Facial Disability Index”[tiab]
OR FDI[tiab])

Embase

(‘Facial Nerve Diseases’/exp OR ‘Facial paralysis’/exp OR (‘facial function*’ OR ‘facial
dysfunct™ OR ‘facial disabil*’ OR ‘facial pals*’ OR ‘facial pares*’ OR ‘facial paral*’ OR
‘Sunnybrook Facial’ OR ‘SFGS’ OR ‘eFACE’ OR ‘House-Brackmann’):ab;ti)

AND

(‘Quality of life’/exp OR ‘Patient Reported Outcome Measures’/exp OR (‘HRQoL’

OR ‘QoL’ OR ‘quality of life’ OR ‘patient-reported’ OR ‘patient outcome’ OR ‘Facial
Clinimetric evaluation’ OR ‘FaCE scale’ OR ‘Facial Disability Index’ OR ‘FDI’):ab,ti)

Cinahl
(EBSCO)

(MH “Facial Nerve Diseases+” OR MH “Facial paralysis+” OR Tl “facial function*” OR AB
“facial function*” OR Tl “facial disabil*” OR AB “facial disabil*” OR Tl “facial pals*” OR
AB “facial pals*” OR Tl “facial paral*” OR AB “facial paral*” OR Tl “facial pares*” OR AB
“facial pares*” OR Tl “facial dysfunct*” OR AB “facial dysfunct*” OR Tl “Sunnybrook
Facial” OR AB “Sunnybrook Facial” OR TI “SFGS” OR AB “SFGS” OR TI “eFACE” ORAB
“eFACE” OR Tl “House-Brackmann” OR AB “House-Brackmann”)

AND

(MH “Quality of life+” OR MH “Patient Reported Outcome Measures+” OR Tl “quality
of life” OR AB “quality of life” OR Tl “HRQoL” OR AB “HRQoL” OR Tl “QoL” OR AB “QoL”
ORTI “patient-reported” OR AB “patient-reported” OR Tl “patient outcome” OR AB
“patient outcome” OR Tl “facial clinimetric evaluation” OR AB “facial clinimetric
evaluation” OR Tl “FaCE scale” OR AB “FaCE scale” OR Tl “Facial disability index” OR "B
“Facial disability index” OR TI “FDI” OR AB “FDI”)

Web of
science

(TS=(“facial nerve diseas*”) OR TS=(“facial paral*”) OR TS=(“facial function*”) OR
TS=(“facial disabil*”) OR TS=(“facial pals*”) OR TS=(“facial pares*”) OR TS=(“facial
dysfunct*”) OR TS=(“Sunnybrook Facial”) OR TS=(“SFGS”) OR TS=(“eFACE”) OR
TS=(“House-Brackmann”))

AND

(TS=(“Quality of life”) OR TS=(“patient reported outcome measure*”) OR TS=(HRQoL)
ORTS=(QoL) OR TS=(“patient-reported”) OR TS=(“patient outcome”) OR TS=(“facial
clinimetric evaluation”) OR TS=(“FaCE scale”) OR TS=(“Facial disability index”) OR
TS=(“FDI”))

AND

DOCUMENT TYPES: (Article)

Psycinfo

(DE( “Facial Nerve” OR “Facial Expressions”) OR AB(“facial function*” OR “facial
disabil*” OR “facial pals*” OR “facial paral*” OR “facial pares*” OR “facial dysfunct*”
OR “facial nerve diseas*” OR “Sunnybrook Facial” OR “SFGS” OR “eFACE” OR “House-
Brackmann”) OR Tl(“facial function*” OR “facial disabil*” OR “facial pals*” OR

“facial paral*” OR “facial pares*” OR “facial dysfunct*” OR “facial nerve diseas*” OR
“Sunnybrook Facial” OR “SFGS” OR “eFACE” OR “House-Brackmann”))

AND

(DE(“Quiality of Life” OR “Health Related Quality of Life” OR “Quality of Life Measures”
OR “Patient Reported Outcome Measures”) OR AB(“quality of life” OR HRQoL OR QoL
OR “patient-reported” OR “patient outcome*” OR “Facial clinimetric evaluation” OR
“FaCE scale” OR “Facial disability index” OR FDI) OR Tl(“quality of life” OR HRQoL OR
QoL OR “patient-reported” OR “patient outcome*” OR “Facial clinimetric evaluation”
OR “FaCE scale” OR “Facial disability index” OR FDI))
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Appendix 6.2. Risk of bias tool

Name/initials reviewer:

Article (first author, year):

Don’t know,

Question Yes No NA, comment

1 | Was the study population clearly specified and defined?

2 | Was the participation rate of eligible persons at least 50%?

3 |a.lsthe comparability between participant and non-
participant characteristics analyzed?

b. Are the participant and non-participant characteristics
comparable?

4 | a.Were all the subjects selected or recruited from the same
or similar populations (including the same time period)?

b. Were inclusion and exclusion criteria for being in the study
prespecified and applied uniformly to all participants?

5 | Was asample size justification, or power description, or
variance and effect estimates provided?

6 | Did the study examine different levels of facial function as
related to quality of life (e.g., categories of facial function, or
facial function measured as continuous variable)?

7 | Were the facial function measures (independent variables)
implemented consistently across all study participants?

8 | Were the quality of life measures (dependent variables)
implemented consistently across all study participants?

9 | a. Was/were the assessor(s) blinded to the quality of life
scores of participants?

b. Were the participants blinded to the facial function scores
as measured by the assessor(s)?

10 | Were key potential confounding variables:

Measured?

Adjusted statistically for theirimpact on the relationship
between facial function and quality of life?

11 | Is missing data reported?
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Appendix 6.3. [continued]

Abbreviations: NA, not applicable; NR, not reported.

21: Was population clearly specified? 2: Was participation rate greater than or equal to 50%. 3a: Are
comparability nonparticipant and participant characteristics analyzed? 3b: Are nonparticipant and
participant characteristics comparable? 4a: Were participants selected from similar populations?
4b: Were inclusion and exclusion criteria prespecified and uniformly applied? 5: Was sample size
justification provided?

®6: Were different levels of facial function severity examined? 7. Were facial function measures
consistently implemented? 8: Were quality-of-life measures consistently implemented? 9a: Were
assessors blinded? 9b: Were participants blinded?

¢10a: Were confounding variables measured? 10b: Were confounding variables adjusted statistically
for theirimpact on the association/correlation?

911. Are missing data reported?

Appendix 6.4. Meta-analysis of the House-Brackmann, Sunnybrook Facial Grading System and
the eFACE correlated with the Facial Clinimetric Evaluation subdomain scores

Comparison Outcome (n studies) Pooled Correlation (C195%) p-value
HB? Facial movement (8) 0.593 (0.443;0.711) <0.001
Facial comfort (7) 0.197 (0.092; 0.298) <0.001
Oral function (7) 0.444 (0.377; 0.507) <0.001
Eye comfort (7) 0.281(0.168; 0.168) <0.001
Lacrimal control (7) 0.148 (0.040; 0.252) 0.007
Social function (7) 0.397(0.242;0.532) <0.001
SB Facial movement (8) 0.634 (0.496; 0.741) <0.001
Facial comfort (8) 0.216 (0.051;0.369) 0.011
Oral function (8) 0.436 (0.340; 0.524) <0.001
Eye comfort (8) 0.350 (0.231; 0.459) <0.001
Lacrimal control (8) 0.258 (0.160; 0.352) <0.001
Social function (9) 0.356 (0.238; 0.463) <0.001
eFACE Facial movement (2) 0.531(0.197; 0.754) 0.003
Facial comfort (2) 0.309 (0.144; 0.458) <0.001
Oral function (2) 0.405 (0.250; 0.541) <0.001
Eye comfort (2) 0.348(0.063;0.580) 0.018
Lacrimal control (2) 0.016 (-0.158;0.189) 0.862
Social function (2) 0.324(0.128; 0.495) 0.001

HB: House-Brackmann, SB: Sunnybrook Facial Grading System, Cl: Confidence Interval.
2 Correlations including the House-Brackmann were converted to positive correlations for easier
comparing.

119



Chapter6

Appendix References

VanSwearingen JM, Brach JS. The Facial
Disability Index: reliability and validity of
disability assessment instrument for disorders
of the facial neuromuscular system. Phys
Ther. 1996;76(12):1288-1298. Medline:8959998
doi:10.1093/ptj/76.12.1288

VanSwearingen JM, Cohn JF, Turnbull J,

Mrzai T, Johnson P. Psychological distress:
linking impairment with disability in facial
neuromotor disorders. Otolaryngol Head Neck
Surg. 1998;118(6):790-796. Medline:9627238
doi:10.1016/S0194-5998(98)70270-0

Kahn JB, Gliklich RE, Boyev KP, Stewart MG,
Metson RB, McKenna MJ. Validation of a patient-
graded instrument for facial nerve paralysis:
the FaCE scale. Laryngoscope. 2001;111(3):387-
398. Medline:11224766 doi:10.1097/00005537-
200103000-00005

Frijters E, Hofer SO, Mureau MA. Long-term
subjective and objective outcome after primary
repair of traumatic facial nerve injuries. Ann
Plast Surg. 2008;61(2):181-187. Medline:18650612
doi:10.1097/SAP.0b013e3181591e27

Gonzalez-Cardero E, Infante-Cossio P, Cayuela A,
Acosta-Feria M, Gutierrez-Perez JL. Facial
Disability Index (FDI): adaptation to Spanish,
reliability and validity. Med Oral Patol Oral Cir
Bucal. 2012;17(6):€1006-€1012. Medline:22926474
doi:10.4317/medoral.18054

Marsk E, Hammarstedt-Nordenvall L,

Engstrom M, Jonsson L, Hultcrantz M. Validation
of a Swedish version of the Facial Disability Index
(FDI) and the Facial Clinimetric Evaluation (FaCE)
scale. Acta Otolaryngol. 2013;133(6):662-669.
Medline:23675814 doi:10.3109/00016489.2013.7
66924

Ng JH, Ngo RY. The use of the Facial Clinimetric
Evaluation Scale as a patient-based grading
system in Bell’s palsy. Laryngoscope.
2013;123(5):1256-1260. Medline:23553515
doi:10.1002/lary.23790

Pavese C, Cecini M, Camerino N, et al.
Functional and social limitations after facial
palsy: expanded and independent validation
of the Italian version of the Facial Disability
Index. Phys Ther. 2014;94(9):1327-1336.
Medline:24786937 doi:10.2522/pt}.20130254

120

Kleiss IJ, Hohman MH, Susarla SM, Marres HA,
Hadlock TA. Health-related quality of life in
794 patients with a peripheral facial palsy
using the FaCE Scale: a retrospective cohort
study. Clin Otolaryngol. 2015;40(6):651-656.
Medline:25858429 doi:10.1111/coa.12434

Kleiss IJ, Beurskens CH, Stalmeier PF, Ingels KJ,
Marres HA. Quality of life assessment in facial
palsy: validation of the Dutch Facial Clinimetric
Evaluation Scale. Eur Arch Otorhinolaryngol.
2015;272(8):2055-2061. Medline:25628237
doi:10.1007/s00405-015-3508-x

Tveiten @V, Carlson ML, Goplen F, et al.

Patient- versus physician-reported facial
disability in vestibular schwannoma: an
international cross-sectional study. J Neurosurg.
2017;127(5):1015-1024. Medline:27911236
doi:10.3171/2016.8.JNS16707

Chong LSH, Eviston TJ, Low TH, Hasmat S,
Coulson SE, Clark JR. Validation of the
clinician-graded electronic facial paralysis
assessment. Plast Reconstr Surg. 2017;140(1):159-
167. Medline:28338582 d0i:10.1097/
PRS.0000000000003447

Volk GF, Granitzka T, Kreysa H, Klingner CM,
Guntinas-Lichius O. Initial severity of motor and
non-motor disabilities in patients with facial
palsy: an assessment using patient-reported
outcome measures. Eur Arch Otorhinolaryngol.
2017;274(1):45-52. Medline:27040558 doi:10.1007/
s00405-016-4018-1

Gyori E, Przestrzelski C, Ponal, et al.

Quality of life and functional assessment of facial
palsy patients: a questionnaire study. Int J Surg.
2018;55:92-97. Medline:29787803 doi:10.1016/j.
ijsu.2018.04.061

Barry P, Mancini J, Alshukry A, Salburgo F,
Lavieille JP, Montava M. Validation of French
versions of the Facial Disability Index and the
Facial Clinimetric Evaluation Scale, specific
quality of life scales for peripheral facial palsy
patients. Clin Otolaryngol. 2019;44(3):313-322.
Medline:30672663 doi:10.1111/coa.13294

Diaz-Aristizabal U, Valdés-Vilches M, Fernandez-
Ferreras TR, Calero-Mufioz E, Bienzobas-Allué E,
Moracén-Naranjo T.

Correlations between impairment, psychological
distress, disability, and quality of life in
peripheral facial palsy [Spanish]. Neurologia.
2019;34(7):423-428. Medline:28549753
doi:10.1016/j.nrleng.2019.03.001



Associations between facial function and quality of life: systematic review and meta-analysis

Tavares-Brito J, van Veen MM, Dusseldorp JR,
Bahmad F Jr, Hadlock TA. Facial palsy-specific
quality of life in 920 patients: correlation

with clinician-graded severity and predicting
factors. Laryngoscope. 2019;129(1):100-104.
Medline:30208215 doi:10.1002/lary.27481

van Veen MM, Tavares-Brito J, van Veen BM, et al.
Association of regional facial dysfunction with
facial palsy-related quality of life. JAMA Facial
Plast Surg. 2019;21(1):32-37. Medline:30073264
doi:10.1001/jamafacial.2018.0804

Bruins TE, van Veen MM, Mooibroek-Leeuwerke T,
Werker PMN, Broekstra DC, Dijkstra PU.
Association of socioeconomic, personality,

and mental health factors with health-related
quality of life in patients with facial palsy. JAMA
Otolaryngol Head Neck Surg. 2020;146(4):331-
337.d0i:10.1001/jamaot0.2019.4559

Bylund N, Hultcrantz M, Jonsson L, Marsk E.
Quality of life in Bell’s Palsy: correlation with
Sunnybrook and House-Brackmann over
time. Laryngoscope. 2021;131(2):E612-E618.
doi:10.1002/lary.28751

Ozden F, Karaman ON, Tugay N, Savas O, Sézen T,
Uciincii H. The reliability and validity of the
Turkish version of the Facial Disability Index.
Disabil Rehabil. 2020;1-10. Medline:32412806 doi:
10.1080/09638288.2020.1762768

Volk GF, Geitner M, Geiler K, et al.

Functional Outcome And Quality Of Life After
Hypoglossal-Facial Jump Nerve Suture. Front
Surg. 2020;7:11. Medline:32266284 doi:10.3389/
fsurg.2020.00011

121






Appendix to Chapter 6

A cross-sectional analysis of facial palsy-related
quality of life in 125 patients: Comparing linear,
quadratic and cubic regression analyses

Ruchama Verhoeff

Tessa E. Bruins

Koen J.A.O. Ingels

Paul M.N. Werker
Martinus M. van Veen

Published in Clinical Otolaryngology, 2022



Chapter6

Key points

1) Facial function correlates with quality of life in facial palsy.

2) Previous studies examined a linear relationship; based on clinical experience we
hypothesize a curved regression (i.e. quadratic or cubic) will be more fitting to show
the correlation between quality of life and facial function.

3) We compared the fit of a linear regression model between Sunnybrook scores (facial
function) and FaCE and FDI scores (quality of life) to a quadratic and cubic regression
modelin 125 patients cross-sectionally.

4) The quadratic regression proved a significant improvement over a linear regression
analysis in the model using the FaCE total score (linear R?=0.346, quadratic R?=0.378,
p =0.033) and the FDI physical score (linear R?=0.245, quadratic R?=0.276, p = 0.034).
The cubic regression analysis was no significant improvement over a quadratic regres-
sion.

5) The relationship between facial function and quality of life in facial palsy is not linear
and should not be included as such in future research studies.

Introduction

Facial palsy is a condition characterized by disturbed function of the facial muscles.
Long-standing facial palsy can be categorized into two groups, those in whom synkinesis
is absent (chronic flaccid paralysis) and those in whom synkinesis is present (post-paraly-
sis synkinesis). Post-paralysis synkinesis is characterized by unwanted facial movements
during a volitional alternate movement, due to aberrant reinnervation of the facial nerve.
Both can resultin functional problems such as oralincompetence and speech impairment
and can influence psychosocial well-being by introducing problems with negative self-im-
age and feelings of anxiety or depression.! Evaluation of facial palsy should thus not solely
consist of a measure of facial function but must also include a patient-reported outcome
measure. Prior studies have examined factors influencing quality of life (QoL) in facial palsy
and found that facial function was the greatest contributing factor currently known to
influence QoL.2 Until now the relationship studied between facial function and QoL has
always been assessed as a linear one, assuming an equal decrease in QoL in relation to the
decrease in facial function. Based on our clinical experience, we believe the relationship
between facial function and QoL is non-linear: we expect a strong correlation between
QoL and mild impairment of facial function, while the correlation between QoL and facial
function in severe and moderate cases may be weak.

In the present study we examined if the curved relationship, is a better fitting model com-
pared to the most commonly used linear model.
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Methods

This study was a reanalysis of previously collected data for the translation and validation
studies of the Dutch versions of the Facial Clinimetric Evaluation (FaCE) scale?®, Synkinesis
Assessment Questionnaire (SAQ)* and Facial Disability Index (FDI)®. No new patients were
included and no new data was gathered for the current study. Approval of the Medical
Ethics committee and written consent of participants was gathered with the before men-
tioned studies.

Data collection

Adult patients with facial palsy visiting the outpatient department of plastic surgery at the
University Medical Center Groningen, the Netherlands, or the department of otorhinolar-
yngology at the Radboud University Medical Center, the Netherlands were approached to
participate. Patients filled out the FaCE scale, the FDI, and some demographical questions.
Facial function was measured using the Sunnybrook Facial Grading System (Sunnybrook)¢,
at each institution an assessor experienced in performing Sunnybrook scoring performed
the Sunnybrook scoring. Patients younger than 18 years old or not sufficiently fluentin
Dutch were excluded from participation.>*®

Statistical analysis

Descriptive statistics were calculated using numbers and frequencies, means and standard
deviations (SD), and medians and interquartile ranges (IQR). Nested regression models
were analyzed for each of the outcome variables: FaCE total score, FDI physical score and
FDI social/well-being score. The first model contained the descriptive variables gender,
age, duration of palsy, and etiology. The second model contained a linear function for
facial function, the third a quadratic function for facial function (i.e. a relationship with
one curve), and the fourth a cubic function (i.e. a relationship with two curves). The model
correlation coefficient (R?) was calculated as a measure of fit for each model; the R? rep-
resents the proportion of variance in the output variable that can be explained by the
input variable. R*was compared between the nested models, change in R?and a p-value
for change was calculated.

A sub analysis was performed for patients suffering from chronic flaccid paralysis and
post-paralysis synkinesis separately. Additional, above described analyses were performed
with all FaCE scale subdomain scales as outcome variables and are presented as additional
material.

All statistical analyses were done using the Statistical Package for Social Sciences (SPSS)
version 23 (IBM, NY, US). A p-value <0.05 was considered statistically significant.
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Results

One hundred and twenty-five patients could be included for this study. Sixty-seven
patients were female (53.6%) and mean (SD) age at the time of inclusion was 56.6 (16.7)
years. Both groups of chronic flaccid paralysis (=60 (48%)) and post-paralysis synkinesis
(n=65 (52%)) were equally represented. The most common etiology of facial palsy was Bell’s
palsy (n=31 (24.8%)), followed by postoperative complication of vestibular schwannoma
treatment (n=24 (19.2%)), Ramsay-Hunt syndrome (n=11 (8.8%)) and trauma (n=9 (7.2%)).
Median (IQR) duration of palsy was 6.6 (1.5; 18.3) years. Median (IQR) Sunnybrook scores
were 34.0 (25.0; 55.5), FaCE total scores were 51.7 (40.0; 61.7), FDI physical function scores
were 70.0 (55.0; 80.0), and FDI social function scores were 76.0 (64.0; 88.0).

The quadratic regression model was found to be a statistically significant improvement
over the model containing a linear function for the outcomes FaCE total score and FDI
physical function (table 1). In both models an increase in explained variance of 3% was
seen. The cubic model did not prove to be an improvement compared to the quadratic
model. Correlation between facial function and the FDI social/well-being score was weak,
and both the quadratic and cubic models were no improvement compared to the linear
function (table 1).

Table 1. Results of nested regression analyses for the FaCE total score, FDI physical function,
FDI social/well-being in the total study sample (n =125).

Model R? R?change Significance change
FaCE total score 1 0.138
2 0.346 0.208 <0.001
3 0.378 0.032 0.033
4 0.378 0.001 0.785
FDI physical function 1 0.190
2 0.245 0.055 0.006
3 0.276 0.031 0.034
4 0.279 0.003 0.525
FDI social/well-being function 1 0.090
2 0.113 0.023 0.089
3 0.113 0.000 0.990
4 0.113 0.001 0.777

"Model 1 includes the descriptive variables gender, age, duration of palsy and etiology. Model 2
consists of model 1 with an added variable for the linear relationship between facial function and
the outcome variable. In model 3 a quadratic function for facial function is added. In model 4 a cubic
function is added.
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Table 2. Results of nested regression analyses for the FaCE total score, FDI physical function,
FDI social/well-being in the patients suffering from chronic flaccid paralysis (n = 60).

Model R? R?change Significance change
FaCE total score 1 0.331
2 0.493 0.162 0.002
3 0.497 0.004 0.617
4 0.513 0.016 0.299
FDI physical function 1 0.271
2 0.368 0.097 0.011
3 0.374 0.006 0.524
4 0.405 0.031 0.138
FDI social/well-being function 1 0.169
2 0.169 0.000 0.890
3 0.171 0.002 0.758
4 0.201 0.030 0.189

"Model 1 includes the descriptive variables gender, age, duration of palsy and etiology. Model 2
consists of model 1 with an added variable for the linear relationship between facial function and
the outcome variable. In model 3 a quadratic function for facial function is added. In model 4 a cubic
function is added.

Interestingly, the model including a quadratic function proved to be better fitting in
patients suffering from post-paralysis synkinesis (R> changes of 4.3%, 11.2% and 2.3% for
the FaCE total score, FDI physical function and FDI social/well-being function respectively)
compared to patients suffering from chronic flaccid paralysis (R? changes <1%) (table 2-3). A
similar trend was seen in the FaCE subdomain score models (additional material table 1-3).

Discussion

In the current study we found that a quadratic regression model provides a significantly
better estimation of the association between facial function and QoL compared to a linear
regression model. A cubic regression model did not prove an improvement over a quadratic
regression.

The explained variance (R?) of both the FaCE total score and the FDI physical score model
improved significantly by 3.2% and 3.1% respectively. The FDI social score showed no-
significantimprovement for any of the applied models. Thisis in line with previous research
showing a weak and often non-significant correlation between facial function and the
social aspect of QoL in facial palsy.’
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Table 3. Results of nested regression analyses for the FaCE total score, FDI physical function,
FDI social/well-being in the patients suffering from post-paralysis synkinesis (n = 65).

Model R? R?change Significance change
FaCE total score 1 0.171
2 0.350 0.179 0.001
3 0.393 0.043 0.081
4 0.408 0.015 0.300
FDI physical function 1 0.147
2 0.160 0.013 0.368
3 0.272 0.112 0.007
4 0.290 0.018 0.264
FDI social/well-being function 1 0.130
2 0.183 0.052 0.068
3 0.205 0.023 0.223
4 0.240 0.035 0.130

"Model 1 includes the descriptive variables gender, age, duration of palsy and etiology. Model 2
consists of model 1 with an added variable for the linear relationship between facial function and
the outcome variable. In model 3 a quadratic function for facial function is added. In model 4 a cubic
function is added.

In a previous study examining factors influencing quality of life in facial palsy an explained
variance of 3.8% was found for a multivariate model predicting FaCE total scores by age,
gender, duration of palsy and etiology.® In a follow-up study the authors found an explained
variance of 18.9% in a linear model predicting FaCE total scores by eFACE facial function
scores.? The addition of 10 clinical and demographic variables to this model increased the
explained variance by 7.2%. In our study, the explained variance of the models contain-
ing descriptive characteristics and a quadratic function for facial function was 37.8% and
27.6% respectively. Modelling a quadratic regression can be seen as a rather large and
clinically relevant improvement, since we were able to achieve similar values for explained
variance with far fewer variables.

The quadratic function was most clearly present in patients suffering from post-paralysis
synkinesis with changes in explained variance of 4.3%, 11.2% and 2.3%, compared to a
change in explained variance of smaller than 1% in patients suffering from chronic flaccid
paralysis. These changes were not statistically significant, which could be due to small
sample size. We believe this means the experienced burden of synkinesis is much more
individual compared to flaccid paralysis, as is supported by a previous study demonstrat-
ing theimportance of incorporating patient self-experience synkinesis scores in QoL mod-
eling in patients suffering from synkinesis .°
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One of the limitations of our study was that we reanalyzed data previously collected in
two different centers. All Sunnybrook scores were performed by experienced assessors.
However, small local differences could be present. Furthermore, the scores from the
Radboud University Medical Center were retrospectively collected from the medical charts.
Although only patients with stable disease were included, this could potentially allow for
variation in the Sunnybrook scores.

The findings from the current study cannot directly be generalized to other situations. We
have used the Sunnybrook scale as a measurement for facial function and although it is
shown to be valid, reliable, and is frequently used, findings may be different for other facial
grading instruments such as the more recently developed eFACE scale or the historically
much used House-Brackmann facial grading scale. A future study comparing linear and
non-linear functions between individual items of facial function and QoL would be very
interesting but was outside the scope of this pilot-type study.

We present a study of QoL and although the FaCE scale and FDI were translated and cul-
turally validated according to standard guidelines, QoL remains highly individual and may
very well be influenced by cultural background.'* Variables predicting QoL may differ, so
the magnitude of association found in our study population may not necessarily be equal
in other populations.

Conclusions

Our study demonstrates that a quadratic relationship between severity of long-standing
facial palsy and QoL provides a better estimation compared to a linear regression analysis.
This means that in mild cases of facial palsy QoL can be relatively well estimated, while
thereis a lot of variationin QoL in cases with severe and moderate facial impairment. This
is most applicable to patients suffering from post-paralysis synkinesis, proving the highly
individually experienced burden of synkinesis.
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Additional material table 1. Results of nested regression analyses for the FaCE sub domain
scores in the total study sample (n =125).

Model R? R?change Significance change

Facial movement score 1 0.093
2 0.482 0.386 <0.001
3 0.493 0.010 0.153
4 0.494 0.001 0.602

Facial comfort score 1 0.211
2 0.238 0.027 0.057
3 0.272 0.034 0.029
4 0.274 0.001 0.646

Oral function score 1 0.197
2 0.234 0.037 0.022
3 0.246 0.012 0.187
4 0.247 0.001 0.672

Eye comfort score 1 0.159
2 0.269 0.110 <0.001
3 0.294 0.025 0.056
4 0.300 0.006 0.339

Lacrimal control score 1 0.207
2 0.268 0.061 0.003
3 0.289 0.021 0.075
4 0.374 0.085 <0.001

Social function score 1 0.129
2 0.165 0.036 0.033
3 0.178 0.013 0.197
4 0.179 0.001 0.687

“Model 1 includes the descriptive variables gender, age, duration of palsy and etiology. Model 2
consists of model 1 with an added variable for the linear relationship between facial function and
the outcome variable. In model 3 a quadratic function for facial function is added. In model 4 a cubic

function is added.
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Additional material table 2. Results of nested regression analyses for the FaCE sub domain
scores in the patients suffering from chronic flaccid paralysis (n = 60).

Model R? R?change Significance change

Facial movement score 1 0.212
2 0.614 0.402 <0.001
3 0.624 0.010 0.308
4 0.625 0.000 0.828

Facial comfort score 1 0.294
2 0.300 0.006 0.542
3 0.302 0.001 0.771
4 0.345 0.043 0.112

Oral function score 1 0.321
2 0.409 0.088 0.011
3 0.416 0.007 0.476
4 0.435 0.020 0.216

Eye comfort score 1 0.371
2 0.570 0.200 <0.001
3 0.602 0.032 0.070
4 0.609 0.007 0.395

Lacrimal control score 1 0.227
2 0.318 0.091 0.017
3 0.320 0.002 0.705
4 0.465 0.145 0.001

Social function score 1 0.223
2 0.237 0.015 0.356
3 0.254 0.017 0.321
4 0.259 0.004 0.627

"Model 1 includes the descriptive variables gender, age, duration of palsy and etiology. Model 2
consists of model 1 with an added variable for the linear relationship between facial function and
the outcome variable. In model 3 a quadratic function for facial function is added. In model 4 a cubic
function is added.
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Additional material table 3. Results of nested regression analyses for the FaCE sub domain

scores in the patients suffering frm post-paralysis synkinesis (n = 65).

Model R? R?change Significance change

Facial movement score 1 0.216
2 0.423 0.206 <0.001
3 0.425 0.003 0.631
4 0.482 0.056 0.027

Facial comfort score 1 0.230
2 0.266 0.036 0.118
3 0.337 0.072 0.023
4 0.339 0.002 0.724

Oral function score 1 0.237
2 0.259 0.022 0.208
3 0.311 0.051 0.052
4 0.322 0.011 0.356

Eye comfort score 1 0.130
2 0.167 0.037 0.135
3 0.210 0.044 0.100
4 0.212 0.002 0.757

Lacrimal control score 1 0.380
2 0.393 0.013 0.289
3 0.427 0.034 0.085
4 0.459 0.031 0.091

Social function score 1 0.168
2 0.209 0.041 0.106
3 0.209 0.000 0.951
4 0.225 0.015 0.322

“Model 1 includes the descriptive variables gender, age, duration of palsy and etiology. Model 2
consists of model 1 with an added variable for the linear relationship between facial function and
the outcome variable. In model 3 a quadratic function for facial function is added. In model 4 a cubic

function is added.
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