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ABSTRACT

Objective: Cervical spine posture is related to craniofacial morphology, airway, gait and body posture. This
posture may be influenced by the changes in the mandibular position brought about by functional appliance
therapy. Therefore, this systematic review aimed to assess the changes in the cervical spine posture with func-
tional appliance treatment in Skeletal Class II subjects.

Methods: A search of studies in six electronic databases - Medline (via Pubmed), the Cochrane Library, OVID,
LILACS, Scopus and Web of Science were performed until January 18, 2024 without any restriction in date or
language of publication. Eligibility screening, study selection, and data extraction were performed by two re-
viewers independently. The risk of bias assessment of the included studies was performed with the Newcastle
Ottawa scale and Cochrane RoB 2.0. Meta-analysis was performed using random effects model for assessment of
changes in the cervical spine with removable and fixed functional appliances.

Results: Twelve articles that satisfied the eligibility criteria were included for systematic review and nine articles
for meta-analysis. Five studies showed a low risk of bias, one as moderate and six as high risk of bias. GRADE
assessment revealed a low quality evidence. Meta-analysis revealed a decrease of the upper cervical inclination
by 1.16° (95 % CI of —2.68 to 0.35, =6 %), an increase of the middle cervical inclination by 2.20° (95 % CI of
0.46-3.94, 12 = 49 %), an increase in cervical curvature angle by 1.60° (95 % CI of 0.12-3.09, I’ = 89 %) and a
decrease in cervical lordosis angle by 1.54° (95 % CI of —4.16 to 1.08, 2 = 0 %).

Conclusions: Minimal uprighting of the cervical spine was noted with functional appliances. Fixed functional
appliances exerted a greater effect than removable functional appliances. Cervical hyperlordosis was reduced
with removable functional appliance treatment. Though these changes are minimal, the clinical orthodontist
should be aware that functional therapy also influences cervical spine posture. Due to the heterogeneity and low
quality of evidence, the results are to be considered critically.

1. Introduction

angle which is caused by the restricting forces of an extended head in the
spinal cord on the mandible and maxilla.®”

The cervical spine and the associated muscles, ligaments and nerves
function in close association with the stomatognathic system and con-
tributes to overall body balance, gait and posture.’ Untreated abnor-
malities of the cervical spine posture poses neck stresses with referred
pain and loss of joint function.” The posture of the cervical spine is
represented by the craniocervical angle which has been correlated to the
development of mandible, lower face and pharyngeal airway and is also
an important predictor of craniofacial growth.®>® The “soft tissue
stretching hypothesis” by Solow and Kreiborg explains the observed
negative correlation between mandibular length and cervical lordosis

* Corresponding author.

Hyperlordosis of the cervical spine with an extension of the head is
reported in skeletal Class II individuals when compared to skeletal Class
I and III individuals.” '® Functional appliances are orthodontic appli-
ances that harnesses the orofacial muscle forces to alter the growth of
the mandible and/or maxilla.'' Apart from altering the growth of
mandible, it may additionally influence the cervical spine posture
indirectly affecting the airway and stomatognathic functions. This is of
relevance to clinicians treating craniofacial abnormalities.

While a few studies have documented uprighting of the cervical
spine with functional appliances,'>'* some studies have reported
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unaltered cervical spine posture with functional appliance
treatment.'” 7 The effects of maxillary expansion on the head and spine
posture have been assessed as a systematic review,'® but to the best of
our knowledge, no systematic review exists in the literature to provide
consensus on the impact of functional appliances on the cervical posture.
Comprehending the impact of functional appliances on the cervical
spine postural changes allows orthodontic practitioners offer a
comprehensive, holistic care and broaden the scope of interdisciplinary
practice.

The review question was “is there a change in the cervical spine
posture following treatment with functional appliance?”

The primary objective was to evaluate the changes in the cervical
spine posture following functional appliance treatment. The secondary
objective was to compare the changes in the cervical spine posture with
removable and fixed functional appliances.

2. Materials and methods

The systematic review was prepared as per the Preferred Reporting
Items for Systematic Review (PRISMA) guidelines.'® This systematic
review was registered with PROSPERO under the ID number
CRD42022310668.

Inclusion Criteria:

e Studies on orthodontic patients (with Skeletal Class II malocclusion)

treated with functional appliance (removable or fixed)

Patients with no history of previous orthodontic treatment/

interventions.

Patients presented with Skeletal Class II malocclusion with ANB

angle >4°

e Articles measuring craniocervical angle or head/neck posture or
cervical spine posture following treatment with functional appliance.

e Availability of Lateral cephalogram data

Exclusion Criteria:

e Animal Studies

Patients treated in combination with orthopaedic and functional
appliances
Patients with
malformations
Studies conducted in patients with cleft lip and palate or other
craniofacial syndromes

Patients with TMJ disorders, obstructive sleep apnoea, history of
trauma or surgery

cervical anomalies and craniofacial

spine

2.1. Search strategy

A systematic search was performed until January 18th, 2024, across
6 electronic databases: Medline (via PubMed), the Cochrane Library,
Scopus, Web of Science, OVID and LILACS. Grey literature search in
ClinicalTrials, OpenGrey and Google Scholar was done. There were no
limitations in the languages and year of publication for inclusion.
Manual hand-searching of reference lists of the included articles was
also performed. The search strategy comprised of the appropriate usage
of MeSH keywords and Boolean operators “AND” and “OR”. Table 1
provides details on the complete search strategy.

2.2. Study selection

Study selection was performed by two investigators in two phases
that included an independent initial screening of articles based on the
research question and against the eligibility criteria. Titles and abstracts
were screened in the initial screening process and followed by a full-text
review in cases of incomplete information provided in the abstract and
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Table 1
Search strategy used in various databases.
(Functional appliance*) AND (cervical spine OR PubMed 716
craniocervical angle OR posture OR body OR neck)
(Functional appliance) AND (cervical spine OR posture OR  LILACS 9
neck OR head)
(Functional appliance*) AND (cervical spine OR OVID 1273
craniocervical angle OR posture OR body OR neck)
(Functional appliance*) OR "orthodontic appliance*" AND  Cochrane 96
"craniocervical angle" OR "spine posture" OR "neck Library
posture" OR "cervical posture”
Functional appliance AND craniocervical angle Scopus 179
(Functional appliance*) AND “craniocervical angle” OR Web of 694
“spine posture” OR “neck posture” OR “cervical Science

posture”

title. Furthermore, hand-searching of reference lists of the included ar-
ticles was done to ensure no relevant articles were excluded. If there was
an unclear or lack of information, the authors were contacted. Finally,
the articles were assessed for eligibility for qualitative and quantitative
reviews. The third reviewer handled any disagreements.

2.3. Data collection and analysis

The data collection was conducted independently by two authors
using a standard, pre-defined table. The pre-defined data to be extracted
were the name of the author(s), study type, age, gender, sample size,
type of intervention, treatment duration, control group, craniocervical
angle measurements. Any disagreements were resolved by a third
reviewer (Table 2).

2.4. Risk of bias assessment in individual studies

Risk of Bias (RoB) assessment of individual studies was carried out
using the Newcastle-Ottawa scale (NOS)?° for case-control and cohort
studies under the domains of — selection of samples, comparability and
exposure/outcome. In NOS scoring, a maximum of four points for se-
lection, two points for comparability and three points for the outcome
were assigned. Studies that reached a score of seven or more were
considered low RoB, five to six as moderate RoB and up to four as high
RoB. Randomised controlled trials were assessed using Cochrane’s
RoB2.0 tool.”! Risk of bias assessment of all included studies was carried
out independently by two reviewers and disagreements were settled
through discussion with the third reviewer.

2.5. Data synthesis

Data extraction and analysis were done by two reviewers indepen-
dently and disagreements were resolved by discussion with the third
reviewer. Data were analysed for meta-analysis using Revman software
(version 5.4.) The continuous data of SN-OPT, SN-CVT, OPT/CVT and
CVT/EVT angles were presented as the mean difference and 95 % con-
fidence interval. Heterogeneity was assessed with the I? statistics, which
ranged from 0 % to 100 %. Low heterogeneity was considered when I2
was less than 25 %. More than 75 % would be indicative of considerable
heterogeneity and between 25 % and 75 % represented average
heterogeneity. >

3. Results
3.1. Study selection

After the search of six databases, 2967 articles were obtained, and
one record was identified through other sources. After duplicates were
removed 2105 records were screened based on title and abstract. 2045
articles were excluded and 60 articles were assessed by full-text review.
Finally, twelve studies that met the eligibility criteria were included for
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Table 2
Study characteristics of all included studies.
S. Article & Year Study Design Study group Study Intervention Treatment Control group & Control Outcomes
No Sample Size group received duration Sample size group age measured
age
1. Tecco et al., 2005% Prospective 20 (0 M, 20 8.4+ 21 FR-2 (Standard) 24 months Untreated Skeletal 8.4+ 21 SN-OPT, SN-
F) years Class II (20 patients) CVT, CVT/EVT
2 Ohnmeis Retrospective 64 (28 M, 11 years Activator 12 months Skeletal Class II 11 yearsand  SN-OPT
et al.,2014'? 35F) 2 months and 7 days treated with Bite 2 months
32 jumping appliance
(Activator) (32 patients)
3 Aglarci, 2016*° Prospective 21 (10 M, 13.31 + Twin Block 0.71 + 0.22 No control group SN-OPT, SN-
11F) 0.92 (Standard) years CVT, OPT-CVT
years
4 Kamal et al.,2019"* Retrospective 30 (15 11.8 + Twin Block (No 11.83 +1.8 Untreated Skeletal 11.6 + 2.0 SN-OPT SN-
M,15F) 1.5 years details of months Class II (30 patients) years CVT, OPT-CVT
appliance)
5 Alsheiko et al., Randomized Twin Block 9-13 Twin Block Not Untreated Skeletal 9-13 years SN-OPT, SN-
2021'° controlled pilot (10) (5M, 5F) years (Standard) mentioned Class II (10 patients) CVT, OPT/
trial Bionator (10) Bionator CVT, CVI/EVT
(5 M, 5F) (Standard)
6 Bhargavi (Grey Retrospective Twin-Block 12.05 + Twin Block Not Skeletal Class II 12.90 + SN-OPT, SN-
literature) 2020%° (11 M, 9F) 1.43 Herbst mentioned treated by 1.68 years CVT, OPT/CVT
Herbst (13 M, years camouflage (20
7F) 13.0 + patients)
1.16
years
7 Malik et al., 2022 Prospective 12 (6 M, 6F) 15+1.3 Forsus 20-24 No control group SN-OPT, SN-
years months CVT, OPT-CVT
8 Gu et al., 2020'° Retrospective 17 (11 M, 6 11.0 + Herbst 19.2 + 6.1 17 patients — Skeletal 10.6 + 1.5 SN-OPT
F) 1.4 years (Standard) months Class 1II treated with years
Headgear Activator
9 Ulusoy et al., Retrospective 16 (8 M, 8F) 11.36 + Activator 11 + 3.4 Untreated Skeletal 12.14 + SN-OPT, SN-
2014% 0.77 (Standard) months Class II (19 patients) 0.65 years CVT
years
10 Sharmila et al., Prospective 16(8 M,8F) 10-13 Twin Block 15months No control group SN-OPT, SN-
202277 years (Standard) CVT, OPT/
CVT, CVT/EVT
11 Buyukbayraktar Retrospective 36 (17 M, 12.14 + Twin Block Not Skeletal Class II Not SN-OPT, SN-
and Camci, 2023°° 19F) 1.23 (Expansion mentioned treated with mentioned CVT, OPT/CVT
Twin Block years screw) Myobrace (18
(18) patients)
12 Krishna et al., Retrospective 57 12-25 Twin Block (No Not No control group SN-OPT, SN-
2023'° Twin Block years details of mentioned CVT, OPT/CVT
(19) appliance)
Forsus (19) Forsus
BSSO (19)

systematic review and nine studies were included for meta-analysis. Out
of which three were case-control studies, eight were observational
studies and one was a pilot-RCT. Four studies were prospective and eight
studies were retrospective in nature.

The entire search selection process is depicted in PRISMA flowchart
(Fig. 1).

3.2. Study characteristics

The included studies were published between 2005 and 2023. Four
out of twelve studies had an untreated control group.'*'>?>?* Kamal
and Fida'* used Bolton-Brush Growth study as control group, whereas
the other three studies had untreated control group. The removable
functional appliances in the included studies were FR-2, Activator,
Bionator and Twin Block. Twin Block was the most commonly studied
appliance in the included studies. The fixed functional appliances in the
included studies were Forsus and Herbst. The treatment duration was
not mentioned in four of the included studies.'*'>>?% Tecco
et al.**included female subjects only while other studies included both
sexes. Six studies included treatment with one functional
appliance.'®17:232427,28 Alsheiko et al.'® included Twin Block and
Bionator appliances. Bhargavi®® included Twin Block and Herbst. Gu
et al.'® included Herbst and Headgear activator. Ohnmeis et al.'?
included Activator and Bite jumping appliance. Krishna et al.'® included
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Twin block and Forsus (Table 2).

3.3. Risk of bias within studies

The risk of bias in the case-control and observational studies was
assessed using the Newcastle Ottawa scale.?’ The Cochrane’s Risk of
Bias tool (RoB 2.0)*! was used to assess the risk of bias for the pilot-RCT.
The details of sample size calculation was mentioned in five
studies.'>1%?32526 Ag the study samples were representative of the
population in eight studies, it was scored as low risk in the selection
category.'»1416:17:23-2528 Iy the comparability category, six studies
were found to have a lack of study controls and hence was graded high
risk.'%1%17:26-28 A1) the included studies received a high risk score in the
Outcome category, due to lack of follow-up data. Overall, five studies
were graded as low RoB'*1%%%?> one study as moderate RoB** and six
studies as high RoB.'%!®17:20-28 The risk of bias assessment is presented
in Tables 3 and 4 and Fig. 2.

4. Results of individual studies

The craniocervical angle parameters included were SN-OPT and SN-
CVT angles which indicate the upper and middle cervical inclination
respectively. OPT/CVT and CVT/EVT angles indicate the cervical cur-
vature and cervical lordosis angle of the cervical spine respectively. The
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[ Identification of studies via databases and registers ]
Records identified from: *
—)
- Databases (n =6)
S
E *PubMed - 716
é SCOPUS — 179 Additional records identified
g through other sources
= Cochrane — 96
(=1)
LILACS -9
—
OVID - 1273
Web of Science — 694
Total - 2967
)
l Records excluded (Irrelevant studies)
Records after duplicates _ :

g removed (n = 2105) (n=2045) — after t%tle and abstract

) screening

B

@

Full-text articles assessed for
eligibility (n=60)
Reports excluded:

e Data not related to craniocervical angle
. (=44
e Study done in OSA patients (n=2)

D e Study with RME (n=1)

) Studies included in Systematic ¢ Study conducted in patients with TMD
= review (n = 12) (S“:;) P :
-] e Study done with surgical intervention
% Studies included for Meta- (n=1)
| analysis (n=9) e Study evaluated using photographs

(n=1)

Fig. 1. PRISMA flowchart.

Table 3
Risk of bias of included studies - New Castle Ottawa Scale for cohort studies.'®
Author Selection Comparability Outcome Overall
Representative- Selection of ~ Ascertainment Demonstration that ~ Comparability of Assessment Was follow- Adequacy
ness of the the non- of exposure outcome of interest ~ cohorts on the of outcome up long of follow-
exposed cohort exposed was not present at basis of design or enough for up of
cohort the start of the analysis outcomes to cohorts
study occur?
Ohnemeis et al., b Not a a Not applicable a b d 4
2014'% applicable (high)
Aglarci, 2016%° a Not a a Not applicable a b d 4
applicable (high)
Bhargavi, 2020*° b a a a a,b a b d 7 (low)
Gu et al., 2020'° b a a a a,b a a d 8 (low)
Malik et al., b Not a a Not applicable a b d 4
20227 applicable (high)
Sharmila et al., d Not a a Not applicable E b d 3
2022% applicable (high)
Buyukbayratkar d Not a a Not applicable a b d 3
and Camci, applicable (high)
2023°°
Krishna et al., d Not a a Not applicable a b d 3
2023" applicable (high)
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Table 4

18

Risk of bias of included studies - New Castle Ottawa Scale for case-control studies.

Overall

Exposure

Comparability

Selection

Author

Non-response

rate

Same method of ascertainment

for cases and controls

Ascertainment of

exposure

Comparability of cases and controls on
the basis of design or analysis

Definition of
controls

Selection of
controls

Representativeness of

the cases

Is the case
definition

adequate

8 (low)

Not

a,b

Tecco et al.,

8 (low)

applicable

Not

a,b

a

2005
Kamal et al.,

(moderate)

applicable
applicable

Not

a

2019
Ulusoy et al.,
2014*
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SN-OPT angle was measured in all twelve studies. The SN-CVT angle was
measured in ten studies. The OPT/CVT angle was measured in eight
studies. The CVT/EVT angle was measured in three studies. A total of
280 patients were included in this systematic review to assess the
changes in the cervical spine following functional appliance treatment.

The meta-analysis was done to assess the changes in SN-OPT, SN-
CVT, OPT/CVT and CVT/EVT angles with functional appliance therapy.
Nine studies were included in the meta-analysis. One study by Kamal
et al.'* was not included in the meta-analysis as median data for the
craniocervical parameters were mentioned. Ohnmeiss et al.'? was also
excluded due to lack of continuous data. Tecco et al.?* study was
excluded from meta-analysis as it included only female subjects.
Random effects model was appropriate considering the heterogeneity
and availability of greater number of included studies.

4.1. Upper cervical spine

A decrease in SN-OPT angle i.e., backward inclination of the upper
cervical spine was reported in four studies.'®'*?>?* Two out of four
studies were judged as low RoB.'"*! Non-significant changes in the
upper cervical spine have been reported in six studies.'®'7-?327:28
Ohnmeiss et al.'? reported changes in the upper cervical spine but
attributed to a combination of growth and functional appliances due to
lack of control group. Ulusoy et al.”* study was the only one to measure
after a mean retention period of 2.5 years and reported a non-significant
increase in SN-OPT angle in the post-retention phase.

Meta-analysis revealed an overall mean decrease in SN-OPT angle by
1.16° (95 % CI of —2.68 to 0.35, I? = 6 %) with low heterogeneity. This
minimal change with a wide confidence interval was not clinically and
statistically significant. Sub-group analysis revealed a decrease by 0.96°
(95 % CI of —3.15 to 1.23) and 1.49° (95 % CI of —4.16 to 1.18) with
removable and fixed functional appliances respectively (Fig. 3).

4.2. Middle cervical spine

Backward inclination of the middle cervical spine was reported in
one study.’® Significant increase in SN-CVT angle was reported in five
studies with an overall high RoB in four studies.'!7:2%25:27
Non-significant changes in the middle cervical spine inclination were
reported by three studies with two studies having a low risk of bias and
one with a high risk of bias.'>!”?>> However, patients included in two
studies were older compared to other studies.'®'”

Meta-analysis revealed an overall mean increase of SN-CVT angle by
2.20° (95 % CI of 0.46-3.94, I2 = 49 %) with average heterogeneity. This
change could be clinically relevant and was statistically significant. The
data of Krishna et al.'® contributed to the average heterogeneity.
Sub-group analysis reported an increase of 1.90° (95 % CI of —0.09 to
3.90) and 2.66° (95 % CI of —0.97 to 6.29) with removable and fixed
functional appliances respectively (Fig. 4).

4.3. Cervical curvature angle

Cervical curvature (OPT/CVT angle) was reported in seven
studies.!®!1>17:23:25.26.28 Three studies reported a significant increase in
cervical spine curvature.”>?®?® However, all three studies did not
include an untreated control group to only attribute the changes to the
appliance. Non-significant changes were reported by the other studies
with an overall moderate RoB.'>!7?>27

Meta-analysis revealed an increase of OPT-CVT angle by 1.60° (95 %
CI of 0.12-3.09, I2 = 89 %). The change could be clinically significant
and was statistically significant. High heterogeneity was noted, pri-
marily from the data of one study by Krishna et al.'® Sub-group analysis
showed an increase of 1.26° (95 % CI of —0.71 to 3.23) and 2.25° (95 %
CI of —0.34 to 4.83) with removable and fixed functional appliances
respectively (Fig. 5).
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Risk of bias domains

D5 | Overall |
e ; 15
e © © © O ©
(9]
Domains: Judgement
D1: Bias arising from the randemization process.
D2: Bias due to deviations from'fittended intervention. . Low
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.
Fig. 2. Risk of bias using Cochrane RoB 2.0.
Post Tx Pre Tx Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, d 95% ClI v, di 95% ClI
1.1.1 SN-OPT angle with r ble functional liance
Aglarci 2016 103.42 11.62 21 103.81 8.59 21 5.7% -0.39 [-6.57, 5.79]
Alsheiko (Bionator) 2021 99.31 3.83 10 98.3 5.9 10 11.1% 1.01 [-3.35, 5.37] I B a—
Alsheiko (Twin Block) 2021 99.47 5 10 99.26 5.2 10 10.6% 0.21 [-4.26, 4.68] I —
Bhargavi (Twin Block) 2020 95.65 8.12 20 97.05 6.39 20 10.3% -1.40 [-5.93, 3.13] =1
Buyukbayraktar (Twin Block) 2023  104.76  9.98 18 102.45 9.83 18 5.3% 2.31[-4.16, 8.78] I
Krishna (Twin Block) 2023 96.53 6.68 19 104.26 7.75 19 10.0% -7.73([-12.33,-3.13) ——————
Sharmila (Twin Block) 2022 102.5 6.02 16 102.81 6.102 16 11.9% -0.31[-4.51, 3.89] -_—
Ulusoy (Activator) 2014 104.94 9.82 16 104.63 9.59 16 4.9% 0.31[-6.42, 7.04] ]
Subtotal (95% CI) 130 130 69.8% -0.96 [-3.15, 1.23] <
Heterogeneity: Tau? = 3.36; Chi? = 10.64, df = 7 (P = 0.16); I = 34%
Test for overall effect: Z = 0.86 (P = 0.39)
1.1.2 SN-OPT angle with fixed functional appliance
Bhargavi (Herbst) 2020 102.7 6.91 20 103.15 6.43 20 12.2%  -0.45[-4.59, 3.69] —_—r
Gu (Herbst) 2020 101.8 11 17 1033 103 17 4.3% -1.50(-8.66, 5.66]
Krishna (Forsus) 2023 96.47 8.44 19 100.21 838 19  7.6% -3.74[-9.09, 1.61] —_—
Malik (Forsus) 2022 97.17 7.37 12 98 7.66 12 6.1% -0.83 [-6.84, 5.18] ]
Subtotal (95% CI) 68 68 30.2% -1.49[-4.16, 1.18] i
Heterogeneity: Tau? = 0.00; Chi? = 0.97, df = 3 (P = 0.81); I’ = 0%
Test for overall effect: Z = 1.09 (P = 0.27)
Total (95% ClI) 198 198 100.0% -1.16 [-2.68, 0.35] >
Heterogeneity: Tau’? = 0.42; Chi* = 11.69, df = 11 (P = 0.39); I’ = 6% _io -S 3 ? 1?0
Test for overall effect: Z = 1.51 (P = 0.13)
Test for subgroup differences: Chi? = 0.09, df = 1 (P = 0.77), I* = 0% Favours [Post T] Favours [Pre ™
Fig. 3. Comparison of upper cervical inclination with functional appliance treatment.
Post Tx Pre Tx Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% ClI 1V, Rand: 95% ClI
2.1.1 SN-CVT angle with r ble functional liance
Aglarci 2016 109.46 10.51 21 106.01 7.42 21  6.7%  3.45[-2.05, 8.95] —
Alsheiko (Bionator) 2021 103.66 5.96 10 103 5.22 10 7.7%  0.66 [-4.25, 5.57] -
Alsheiko (Twin Block) 2021 102.6 4.4 10 102.4 5.3 10 9.0%  0.20 [-4.07, 4.47] —_T
Bhargavi (Twin Block) 2020 99.05 8.53 20 100.3 6.84 20 7.9% -1.25[-6.04, 3.54] ——p——
Buyukbayraktar (Twin Block) 2023  110.33  8.92 18 106.78 8.94 18 6.1%  3.55([-2.28, 9.38] -t
Krishna (Twin Block) 2023 105.47 6.39 19 98.74 5.93 19 9.9%  6.73[2.81, 10.65] —_—
Sharmila (Twin Block) 2022 105.56 5.81 16 105.062 6.082 16 9.4%  0.50 [-3.62, 4.62] I L a—
Ulusoy (Activator) 2014 106.25 9.51 16 105.56 9.11 16 5.3%  0.69[-5.76, 7.14] =
Subtotal (95% CI) 130 130 62.1% 1.90 [-0.09, 3.90] <>
Heterogeneity: Tau? = 2.18; Chi? = 9.53, df = 7 (P = 0.22); I’ = 27%
Test for overall effect: Z = 1.87 (P = 0.06)
2.1.2 SN-CVT angle with fixed functional appliance
Bhargavi (Herbst) 2020 106.95 6.18 20 106.45 5.4 20 10.8% 0.50[-3.10, 4.10] I | —
Krishna (Forsus) 2023 105.74 3.49 19 99.68 4.56 19 13.8% 6.06 [3.48, 8.64] —_—
Malik (Forsus) 2022 88.25 3.49 12 87.17 3.35 12 13.3%  1.08 [-1.66, 3.82] N
Subtotal (95% CI) 51 51 37.9% 2.66[-0.97, 6.29] e
Heterogeneity: Tau? = 8.00; Chi’? = 9.14, df = 2 (P = 0.01); I’ = 78%
Test for overall effect: Z = 1.44 (P = 0.15)
Total (95% CI) 181 181 100.0% 2.20 [0.46, 3.94] <@
Heterogeneity: Tau? = 3.95; Chi? = 19.45, df = 10 (P = 0.03); I> = 49% —iO _=5 ) S 1=0

Test for overall effect: Z = 2.48 (P = 0.01)

Test for subgroup differences: Chi? = 0.13, df = 1 (P = 0.72), I> = 0%

Favours [Post Tx] Favours [Pre Tx]

Fig. 4. Comparison of middle cervical inclination with functional appliance treatment.

4.4. Cervical lordosis angle

Cervical lordosis angle (CVT/EVT) was reported in three studies with
removable functional appliances only.'>?*?” Tecco et al.?* study re-
ported a significant increase in cervical lordosis angle. However, the
study included only female subjects and the treatment duration was
longer compared to other studies. Therefore, it was not included in the
meta-analysis. Non-significant changes in lordosis angle were reported

by the other two studies judged as low and high Ro

B.15:27

Meta-analysis revealed a decrease in CVT-EVT angle by 1.54° (95 %

ClI of —4.16 to 1.08, I? = 0 %). This change could be clinically significant
but was not statistically significant. I? value revealed zero heterogeneity
(Fig. 6).

4.5. Grading the quality of evidence

The quality of evidence was assessed using Grading of Recommen-
dations, Assessment, Development and Evaluations (GRADE).”” The
quality of evidence is low for the upper and middle cervical inclination.
Very low for cervical curvature angle and moderate for cervical lordosis
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Post Tx Pre Tx Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
3.1.1 OPT-CVT angle with removable functional appliance
Aglarci 2016 6.99 4.61 21 472 3.41 21 9.4% 2.27 [-0.18, 4.72]
Alsheiko (Bionator) 2021 4.56 2.87 10 4.752 2.62 10 9.5% -0.19 [-2.60, 2.22] —
Alsheiko (Twin Block) 2021 3.478 1.95 10 3.183 1.79 10 11.0% 0.30 [-1.35, 1.94] I
Bhargavi (Twin Block) 2020 3.25 2.51 20 3.25 1.89 20 11.4% 0.00 [-1.38, 1.38] B
Buyukbayraktar (Twin Block) 2023  15.47 3.27 18 15.6 43.92 18 0.5% -0.13 [-20.48, 20.22] ¢
Krishna (Twin Block) 2023 8.68 1.86 19 3.84 1.12 19 12.0% 4.84 [3.86, 5.82] -
Sharmila (Twin Block) 2022 287 14 16 2.625 1.088 16 12.1% 0.25 [-0.62, 1.11] =
Subtotal (95% CI) 114 114 66.0% 1.26 [-0.71, 3.23] e
Heterogeneity: Tau? = 5.39; Chi’ = 61.71, df = 6 (P < 0.00001); I* = 90%
Test for overall effect: Z = 1.26 (P = 0.21)
3.1.2 OPT-CVT angle with fixed functional appliance
Bhargavi (Herbst) 2020 4.25 2.88 20 3.3 272 20 10.8% 0.95 [-0.79, 2.69] o
Krishna (Forsus) 2023 10.58 2.29 19 5.89 1.52 19 11.6% 4.69 [3.45, 5.93] —_—
Malik (Forsus) 2022 4.67 1.52 12 3.67 172 12 11.6% 1.00 [-0.30, 2.30] fe—
Subtotal (95% CI) 51 51 34.0% 2.25[-0.34, 4.83] s
Heterogeneity: Tau® = 4.68; Chi® = 20.25, df = 2 (P < 0.0001); I> = 90%
Test for overall effect: Z = 1.71 (P = 0.09)
Total (95% CI) 165 165 100.0% 1.60 [0.12, 3.09] >
Heterogeneity: Tau® = 4.54; Chi’ = 85.36, df = 9 (P < 0.00001); I* = 89% + + + +

Test for overall effect: Z = 2.11 (P = 0.03)
Test for subgroup differences: Chi? = 0.35, df = 1 (P = 0.55), I = 0%

-10 10

-5 0 5
Favours [Post Tx] Favours [Pre Tx]

Fig. 5. Comparison of craniocervical curvature angle with functional appliance treatment.

Post Tx Pre Tx Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Alsheiko (Bionator) 2021 12.96 3.49 10 15.16 5.67 10 40.2% -2.20[-6.33,1.93] — &
Alsheiko (Twin Block) 2021 13.11 5.1 10 15.02 4.76 10 36.6% -1.91[-6.23,2.41) —_—
Sharmila (Twin Block) 2022  12.81 8.36 16 12.625 7.311 16 23.1% 0.19[-5.26, 5.63] —_—
Total (95% CI) 36 36 100.0% -1.54 [-4.16, 1.08] il

ity: iZ = - - 12 = + + + +
Heterogeneity: Chi’ = 0.51, df = 2 (P = 0.77); I° = 0% 1o 5 ) & o

Test for overall effect: Z = 1.15 (P = 0.25)

Favours [Post Tx] Favours [Pre Tx]

Fig. 6. Comparison of cervical lordosis angle with functional appliance treatment.

angle. Low represented that further research was likely to change the
estimate. Very low indicated that the estimated effect was uncertain.
Moderate indicated the possibility that true effect was close to the effect
estimate. The details of the study’s quality of evidence are presented in
Table 5.

4.6. Heterogeneity assessment

Low heterogeneity was found with the comparison of pre and post-
treatment changes in upper cervical spine inclination and cervical
lordosis angle (I = 6 % and 0 % respectively). Average heterogeneity
was found for middle cervical spine inclination (1% = 49 %). High het-
erogeneity was found for cervical curvature angle (1> = 89 %)

5. Discussion

To the best of our knowledge, this is the first systematic review and
meta-analysis evaluating the effects of functional appliance treatment
on cervical spine postural alterations. This review clearly reported that
the upper cervical spine was not significantly altered by functional ap-
pliances. The significant increase was noted only with middle cervical
spine inclination.

The decrease of upper cervical inclination and increase in middle
cervical inclination suggests uprighting or straightening of the cervical
spine. This was supported by the studies of Kamal and Fida,'* Krishna
et al.,'® and Smailiene et al.* who reported uprighting of the cervical
spine with Twin Block appliance. Anatomically, the upper cervical spine
borders the nasopharynx, while the middle and lower cervical spines
enclose the oropharynx and hypopharynx. The decrease in upper cer-
vical inclination can be correlated with the minimal changes noted in
nasopharyngeal airway with functional appliance treatment. The in-
crease in middle cervical inclination noted in this review can be linked
to the increase in oropharynx and hypopharynx with functional appli-
ance treatment as supported by previous systematic reviews.”' > The
increase in cervical curvature with functional appliance treatment
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ranged from 0.1° to 3.1°. Meta-analysis revealed high heterogeneity for
cervical spine curvature. However, on removal of the data from one
study'® the heterogeneity became low. (Supporting file 1) Minimal
reduction of cervical lordosis angle was beneficial in Class II patients due
to the presence of hyperlordosis. Although it was measured in three
studies with removable functional appliances only, the certainty of ev-
idence was moderate with low heterogeneity.

Meta-analysis of the cervical spine inclination, curvature and
lordosis angles revealed varying heterogeneity from low to high. Low
heterogeneity in upper cervical inclination and lordosis angle was
probably due to similarity in the methodology of the included studies.
Therefore, these findings can be generalized. However, caution should
be exercised when interpreting the results of middle cervical inclination
(moderate heterogeneity) and curvature angle (high heterogeneity), due
to the wider confidence interval in the data presented in one study.'’
Additionally, funnel plot analysis revealed minimal publication bias,
with skewness seen only from the data by one study.'® (Fig. 7).

The GRADE assessment was scored from very low to moderate for the
cervical spine parameters. Very low quality of evidence was given to
cervical curvature angle as the overall quality of included studies was
moderate, presence of historical control group and wider confidence
interval limiting the applicability of the estimated effect. The evidence
for cervical lordosis angle was considered moderate as the quality of
included studies was moderate and there were no notable discrepancies
in all the other domains. Low evidence was assigned for upper and
middle cervical inclination due to considerable heterogeneity and
moderate quality of the included studies (Table 5).

It should be highlighted that greater change occurred with fixed
functional appliances than removable, which may be attributed to the
full-time wear of the fixed functional appliance. However, the mean
daily wear duration of the removable functional appliances was reported
in the only one of the included studies.'* The overall treatment duration
was not mentioned in four studies.'®'>?>?° Gender variation of the
cervical spine posture has been mentioned in literature, where males
exhibited a straight cervical spine curvature compared to females.>
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Table 5
Quality assessment using GRADEpro.

Author(s):
Question: Changes in SN-OPT angle with functional appliance treatment
Setting:

Bibliography: Cervical spine changes with functional appliance treatment

Certainty assessment Ne of patients

Changes in SN- Certainty Importance

sm"’;"efs Study design Risk of bias Inconsistency | Indirectness |  Imprecision Other considerations OZ::(?:"::m g:',z"gﬁ ’&Zﬁz’gﬁ

appliance

SN-OPT angle with functional appliance

12 1 randomised serious? ot serious serious? ot serious none 198 198 - MD 1.16 lower
trial + 11 (268 lower to o000
observational 0.35 higher) Low

studies

SN-CVT with functional appliance

10 1 randomised serious® ot serious serious® not serious none 181 181 - MD 2.2 higher
trial + 9 (046 higher to o000
observational 3.94 higher) Low

studies

OPT-CVT with functional appliance

8 1 randomised seriouse serious¢ serious® seriouse none 165 165 - MD 1.6 higher
w7 orngan | ®O00
observational 3.09 higher) Very low
studies

CVT-EVT with functional appliance

3 1 randomised serious’ ot serious ot serious ot serious none 36 36 - MD 1.54 lower
trial + 2 (4.16 lower to Lol
observational 1.08 higher) Moderate
studies

CI: confidence interval; MD: mean difference

Explanations

a. Six studies graded as high risk of bias

b. Historical control group used in one study

c. Five studies graded as high risk of bias

d. High heterogeneity noted with wider confidence intervals
e. Unexplained wide confidence interval in one study

f. Two studies with high risk of bias

cervical spine postural abnormalities remains unexplored. The potential

o MO ' application of functional appliances in the management of cervical spine
i hyperlordosis and alignment is highlighted in this systematic review.
|
i 6. Limitations and future directions
24 i ® The limitations of the systematic review include lack of studies with
o g 0o° long term follow up data. Only one study by Ulusoy et al.>* study
o i measured cervical spine inclination changes at the post-retention phase.
3t i<>o The cervical spine postural changes were evaluated with a
i o © two-dimensional representation such as a lateral cephalogram in all the
< included studies. A three-dimensional radiograph of the cervical spine
T i can aid in precise estimation of the cervical spine posture and rotatio-
i nal/lateral changes. Due to higher radiation dose, they are not routinely
5 ) ) N ) A MD prescribed for orthodontic patients. Moreover, more research providing
N -1o -5 0 5 1o gender-specific data can yield an accurate estimation of the gender
O SN-OPT angle with removable functional appliance variability in cervical postural responses. The overall quality of studies
<> SN-OPT angle with fixed functional appliance were moderate and included a smaller sample size. Future research
implicates to identify more high-quality, randomized controlled and
Fig. 7. Funnel plot. multi-centric trials with larger samples and gender specificity along with
long-term follow-up data to substantiate the results. Additionally,
Because Tecco’s study exclusively included female subjects, it was not original research on the changes of cervical lordosis angle with fixed
included in the meta-analysis. functional appliance are required.

It is important to understand the impact of functional appliance to
the cervical spine. Reduction of cervical lordosis angle as a consequence
of functional appliance treatment offers application of functional
appliance for the management of cervical hyperlordosis. While oral
appliances have been utilized to treat obstructive sleep apnea and oro-
facial pain, the therapeutic utility of oral appliances in management of

7. Conclusion
On careful consideration of the quality of evidence and heteroge-
neity, the following conclusions were made.

Minimal uprighting of the cervical spine was noted with functional
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appliances. Fixed functional appliances exerted a greater effect than
removable functional appliances. Cervical hyperlordosis was reduced
with removable functional appliance treatment. Though these changes
are minimal, the clinical orthodontist should be aware that functional
therapy also influences cervical spine posture. Due to the heterogeneity
and low quality of evidence, the results are to be considered critically.
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