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Abstract

To assess the scientific evidence for detectable volume changes of gingival

crevicular fluid (GCF) incident to orthodontic tooth movement (OTM). A

literature survey of longitudinal split-mouth studies was performed

searching PubMed, SCOPUS and the Cochrane Library, with the last ac-

cess in 15 April 2012. After selection, 13 articles qualified for the final

analysis. One study was judged to be of medium ⁄ high quality, six were of

medium quality and the rest of low quality. Across all studies, there was

very little or no statistically significant change in GCF volume incident to

OTM. The changes seen were generally ascribed to the clinical or sub-

clinical inflammation consequent to placement of the fixed orthodontic

appliance. A reappraisal of the data provided in these studies was per-

formed by comparing the GCF volume from the test (moved) and control

(non-moved) teeth, in terms of effects-size (ES) coefficients and variations,

as percentages. Generally, the ES coefficients and the variations were

below 1.0 and 20%, respectively. Therefore, when using current methods to

collect and measure GCF volume, there was no meaningful diagnostic

potential for the GCF volume as an index of tissue remodelling incident to

OTM. The GCF volume is not a reliable index for tissue remodelling incident

to OTM.

Key words: gingival crevicular fluid; orthodontic tooth movement;

orthodontics; tissue remodelling

Introduction

The use of biomarkers in orthodontics is advocated for non-

invasive monitoring of tissue remodelling during orthodontic

treatment on an individual and site-specific basis. This is partic-

ularly true in the determination of the optimum force magnitude,

which is difficult to perform in vivo (1).
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The gingival crevicular fluid (GCF) is a transu-

date of interstitial tissues which is produced by an

osmotic gradient (2), and it is released into the

crevicular sulcus at a flow rate of about 3 ll ⁄ h (3).

However, during periodontal inflammation, the

main mechanism of GCF formation becomes

exudative (4), with an increase in its flow rate, and

thus volume, up to 44 ll ⁄ h (3).

Previous evidence has shown that the GCF

volume might be a better indicator of gingival

inflammation than standard clinical assessments

(5). Considering that tissue remodelling incident

to orthodontic tooth movement (OTM) is trig-

gered by an inflammatory process [for review, see

(6)], and it has been hypothesized that the volume

of GCF production will reflect these tissue chan-

ges [for review, see (7)]. In contrast to the quan-

tification of specific biomarkers within the GCF,

which requires a dedicated analytical set-up, the

GCF volume per se can be determined easily and

cheaply in any clinical setting using a Periotron

(8). In addition, clinical recording of the peri-

odontal conditions may be used to exclude that

gingival inflammation, because of plaque accu-

mulation, is responsible for the increase in GCF

production rather than tooth movement. How-

ever, contrasting results have been reported in the

literature, with studies showing both increased or

unchanged GCF volumes incident to OTM.

This systematic review of previous longitudinal

split-mouth studies was thus aimed at evaluating

whether or not an orthodontic appliance per se or

OTM can induce detectable changes in GCF

volume in healthy young or adult orthodontic

patients. Furthermore, the potential diagnostic

accuracy of the GCF volume as a biomarker for

tissue remodelling incident to OTM was also

evaluated.

Materials and methods
Search strategy

This systematic review follows the PRISMA state-

ments (9) and used two previous systematic

reviews as a template (10, 11). Herein, all of the

studies that examined the effects of OTM on GCF

volume were identified through a literature survey

carried out through PubMed (http://www.ncbi.

nlm.nih.gov/pubmed), SCOPUS (http://www.scopus.

com) and the Cochrane Library (http://www.

thecochranelibrary.com) from inceptions to the last

access in 15 April 2012.

The following algorithm (with MESH indication

for PubMed database and asterisk indicating

truncation) was used: {crevicular fluid [MESH]

and [orthodontic* (MESH) or tooth movement

(MESH)]}. No language restrictions were used,

and through the whole Cochrane Library (set at

�search all text�), no restrictions as to the record

status was set. Finally, a manual search was also

performed by scoring the references within the

studies examined and the titles of the papers

published over the last 10 years among the fol-

lowing major journals in which investigations on

the GCF response to OTM mainly have appeared:

1) American Journal of Orthodontics and Dento-

facial Orthopedics; 2) European Journal of Oral

Sciences; 3) European Journal of Orthodontics; 4)

Journal of Clinical Periodontology; 5) Journal of

Dental Research; 6) Journal of Periodontology; 7)

Journal of Periodontal Research; 8) Orthodontics

and Craniofacial Research; 9) Progress in Ortho-

dontics; 10) The Angle Orthodontist; and 11)

World Journal of Orthodontics.

Study selection and data items

The studies retrieved had to be either randomized

clinical trials (RCTs) or controlled clinical trials

(CCTs) on healthy young or adult orthodontic

patients using a split-mouth design to investigate

the effects of OTM on GCF volume, irrespective of

whether or not this was a primary or secondary

outcome of the study. These studies had to make

use of a fixed appliance and had to include at least

a control group of teeth with no orthodontic for-

ces (irrespective of the presence of an orthodontic

appliance). No restrictions were set regarding the

methods used to collect the GCF or to measure its

volume or the duration of the treatments. Case

reports, case series, reviews and opinion articles

were excluded. Of note, studies in which site-

specific clinical monitoring of the periodontal

conditions of the experimental sites was not in-

cluded or declared were also excluded. Further
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details regarding these inclusion and exclusion

criteria are listed in Table 1.

Eligibility assessment and data collection pro-

cess were performed independently by two

authors (GP and LC). The data collection was

carried without blinding to the authors, and intra-

examiner conflicts were resolved by discussion of

each article, until a consensus was reached.

Data items

The following data items were collected: study

design, sample size (with ages and sex distribu-

tion), teeth investigated (test and control), treat-

ment and orthodontic force (including type of

stress on the test sites), time points, GCF collec-

tion site and collection modality, procedure for

GCF volume measurement, degree of OTM, peri-

odontal conditions over time, GCF volumes

recorded (as the principal summary measure of

the quantitative analysis), main results and author

conclusions about the GCF volume incident to

OTM (Table 2). If a study reported merged data

about the GCF volumes recorded, because of a

lack of statistically significant differences among

groups or over time, it was also included. Simi-

larly, studies in which data regarding the GCF

volume were shown only at a certain time point

were also included, with detailed specifications.

Moreover, in studies including more than one

group of subjects, that is, juvenile and adult, the

results were analysed individually for each group

of subjects. Therefore, a comparison of the two

specific groups per se, independent of the OTM

effects on the GCF, was not considered in this

analysis. Finally, other results of the studies

included, that is, biochemical composition of the

GCF incident to OTM, were not considered here.

Assessment of study quality and risk of bias in individual or

across studies

Evaluation of methodological quality of published

studies gives an indication of the strength of evi-

dence provided. However, no single approach in

assessing methodological soundness may be

appropriate to all systematic reviews (12). There-

fore, contextual, pragmatic, and methodological

Table 1. Inclusion and exclusion criteria used in this review

Inclusion criteria

Randomized or controlled clinical trials with split-mouth designs on healthy human subjects

Use of a fixed orthodontic appliance

Inclusion of a control group not subjected to orthodontic forces (independent of a previous initial aligning and levelling phase)

Use of any methodology for the recording of the GCF volume and showing these data

Exclusion criteria

Case series with no statistical analysis, case reports, studies enroling <10 subjects, comments, letters to the editor, reviews

Studies in which predetermined GCF volumes were sampled, that is, 1 ll, by methods based on micropipetting or capillary

tubing

Studies with a lack of periodontal clinical monitoring and optimal periodontal conditions at the beginning of the study

Studies in which the GCF volume ⁄ flow was not measured during active treatment, but only in follow-up terms subsequent to the

removal of the forces

Studies in which in spite of the split-mouth design, the data from different groups receiving different treatments (or different control

groups for different treatments) were pooled without prior statistical analysis

Studies limited to the investigation of the effects of separator elastics

Studies that included pathological conditions of the periodontium, that is, gingival overgrowth or periodontitis, or clinically relevant

root resorption

Studies evaluating the GCF volume in combination with orthopaedic treatment, that is, palatal expansion

Studies primarily evaluating the effects of anti-inflammatory drugs, mouthwashes or fluoridated elastomeric ligatures or laser therapy

Studies including surgical aids in the tooth movement, that is, on periodontal distraction

Studies evaluating the crevicular fluid volume around miniscrews
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considerations are followed when assessing study

quality (12). Herein, a modified quality evaluation

method from Antczak et al. (13) was used that

followed pre-established characteristics, along

with the systematic scores that were assigned to

the individual retrieved articles:

1. Study design (RCT: 2 points; CCT: 1 point).

2. Adequacy of sample selection description

based on four criteria: 1) age and gender; 2)

systemic health conditions; 3) periodontal

status throughout the study; and 4) any further

condition, that is, use of drugs that might have

altered tooth movement or GCF volume (full

description: 2 points; partial description: 1

point).

3. Adequacy of treatment description based on

three criteria: 1) intensity of the force; 2) the

orthodontic appliance; 3) degree of movement

of the test teeth (full description: 2 points;

partial description: 1 point).

4. Inclusion of a control group of teeth that were

wearing a fixed appliance but were not sub-

jected to orthodontic forces, either before or

during the study period (1 point).

5. Description of the error analysis method for

GCF volume determination (2 points).

6. Adequacy of statistics (parametric or nonpara-

metric tests used where appropriate: 2 points;

parametric tests used when nonparametric

tests would be more appropriate, multiple

comparisons with uncorrected p values, statis-

tical analysis only partially described: 1 point).

7. Prior estimation of sample size (1 point).

8. Point measures and measures of variability for

the key outcome (full description: 2 points;

partial description: 1 point).

The quality of the studies, with maximum pos-

sible score of 14, was considered as follows:

1. Low: total score £8 points.

2. Medium: total score >8 and £10 points.

3. Medium ⁄ high: total score >10 and £12 points.

4. High: total score >12 points.

Moreover, the PRISMA statements (9) for the

assessment of the risk of bias of individual studies

have been considered herein. According to these

statements, the following items should be used:

1. Concealment of randomisation.

2. RCT ⁄ CCT stopped early.

3. Patients blinded.

4. Healthcare providers blinded.

5. Data collectors blinded.

6. Outcome assessors blinded.

However, adaptation of these items was deemed

necessary because of the particular designs used

in the studies included in this systematic review.

More in detail, these investigations do not have as

a primary goal the assessment of the benefit of a

given therapy; therefore, an early interruption for

participants does not necessarily denote benefi-

cial ⁄ negative effects of those interventions, that is,

the use of orthodontic forces. As all these inves-

tigations were based on split-mouth designs, the

patients blindness would be meaningless, and the

health care provider ⁄ data collector blindness dif-

ficult to pursue. Therefore, only the concealment

of randomization and outcome assessor blindness

were considered in the risk of bias of individual

studies.

For the assessment of the risk of bias across

studies, incomplete reporting of the data on the

GCF volume has been considered, that is, when

the outcome was not reported for all the time

points.

Summary measures and synthesis of results

The principal summary measure considered in

this quantitative analysis was the GCF volume,

reported as microlitres ⁄ sample, and expressed as

mean ⁄ median and SD ⁄ percentiles of the com-

pared groups. Other measures analysed but not

included in the quantitative analysis were all the

clinical parameters including plaque and bleeding

on probing indexes, and probing depth.

When examining the studies on the effects of

OTM on GCF volume, a problem that arose was

that none of these studies included a sample size

analysis. Therefore, when non-significant results

are seen, a clear distinction has to be made

whether or not a lack of statistical power was

among the cause of these results. In this quanti-

tative analysis, the effects-size (ES) coefficient (14)

was calculated to perform a synthesis, that is,
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reappraisal, of previously reported results in terms

of differences that were clinically significant,

independent of the statistical significance. In this

case, the ES coefficient is the ratio of the differ-

ence between the GCF volume recorded for the

different test and control teeth (within each time

point, or for the overall study term), divided by the

within-group standard deviation (SD), calculated

as follows:

ES ¼ mt �mcffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðSD

2

t �nt Þ þ ðSD
2

c �ncÞ
SDt þ SDc

r

where mt and mc are the mean GCF volumes for

the test and control teeth, SDt and SDc are the

corresponding standard deviations, nt and nc are

the corresponding sample sizes (which are equal

in the split-mouth designs).

For the effects of OTM on GCF volume, an ES

coefficient reported by a given study had to be

>0.6 to be associated with a medium effect, and

above 0.80 to be considered to be associated with a

�large� effect (14). However, when dealing with the

diagnostic potential of a given parameter, such as

here for GCF volume as an index of tissue

remodelling incident to OTM, an ES coefficient

equal to or above 1.0 has been considered as the

minimum value (11). This would mean that the

difference between test and control teeth in the

corresponding GCF volumes must be at least equal

to the variability observed within the same groups.

Whenever possible, the ES coefficients were cal-

culated using the comparisons reported in the

articles identified, and the publications were then

sorted according to the highest ES coefficients

obtained (11). Moreover, the lowest ES coefficient

retrieved in each study was also reported.

Results
Study search

The results of the automatic and manual searches

are summarized in Fig. 1. According to the

Sc
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g
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ud

ed
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ty
Id

en
tif

ic
at

io
n

Records after duplicates removed 
(n = 167)  

Records screened 
(n = 167) 

Records excluded 
(n = 105) 

Full-text articles assessed 
for eligibility 

(n = 62)

Full-text articles excluded 
Total (n = 49) 

Uncontrolled (n = 14) 
No split-mouth design (n = 3) 
GCF volume not measured (n = 20) 
GCF volume data not shown (n = 8) 
GCF volume data presented 
improperly (n = 1) 
Predetermined GCF volume 
collected (n = 1) 
Case series (n = 1) 
Unable to retrieve article (n = 1) 

Studies included in 
qualitative synthesis 
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Studies included in 
quantitative analysis  

(ES coefficients) 
(n = 12) 

SCOPUS 
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 Cochrane Library 
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 Other sources 
(n = 0) 

PubMed 
(n = 143) 

Fig. 1. Flow diagram of the search strategy.
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automatic search, a total of 167 articles were

retrieved. Among these, 13 studies (15–27) were

judged to be relevant to this study according to

the inclusion ⁄ exclusion criteria. Finally, in the

manual search, no more relevant studies were

included, while only one article (28) could not be

retrieved on internet search, through the local li-

brary facility, and after having contacted the edi-

torial office of the journal. The full details of the

studies included are summarized in Table 2.

Study designs and population

The 13 studies included comprised 11 CCTs (15–

25) and 2 RCTs (26, 27). No systematic reviews or

meta-analyses were retrieved.

Only one study (17) included specifically male

subjects, while all the rest monitored both sexes.

The ages of the subjects were variable among the

studies, but relatively narrow within the studies.

These investigations included mainly adolescents

(25) and adults (19, 23, 24, 26), or with both age

ranges in a single group (15, 16, 18, 20, 22, 27).

Two studies (17, 21) included two groups of ado-

lescent and adult subjects, defined as juvenile and

adult, respectively. Overall, the youngest and

oldest groups had mean ages of 11 (17) and 31

(21) years, respectively. In all of the studies, the

subjects were systemically and periodontally

healthy and had never undergone any previous

orthodontic treatment.

Teeth investigated, and treatments and experimental terms

Most of the studies (15, 19, 21–27) used a maxil-

lary canine as the test tooth, and the contralateral

and ⁄ or antagonist as the control teeth. In all of

these studies, the test canine was moved distally

(after premolar extraction) with the exception of

one investigation (24), in which the test canine

was monitored during the aligning and levelling

phases. Other studies (16, 18, 20) used a maxillary

first molar as the test tooth (again, moved dis-

tally) and the contralateral and antagonist teeth

as controls. In only one study (17), a maxillary

lateral incisor (tipped labially) was chosen as the

test tooth, with the contralateral used as the

control.

When the OTM was obtained by means of

elastic chains (15, 19, 21–23, 25), these all exerted

250 gf. When nickel–titanium (Ni-Ti) coil springs

were used, these exerted 250 gf (16, 18, 20), 150 gf

(27) or both 50 gf and 150 gf on two contralateral

test teeth (26). Finally, in the last two studies, the

orthodontic forces were obtained by the use of

nitinol archwires that exerted controlled forces of

70 cN (17), and copper Ni-Ti archwires (24), with

this last not reporting the forces exerted. How-

ever, in only three studies (17, 26, 27), the force

exerted by the orthodontic appliance was actually

measured using a force gauge.

The inclusion of at least a control group wear-

ing a passive orthodontic appliance was used in

seven studies (17, 18, 20, 21, 23, 25, 27). None of

the studies measured the degree of residual forces

at the end of the experimental term.

These studies included those in which the

experimental term followed an initial phase of

aligning and levelling of both the test and control

teeth (21, 23, 25). As no clinically detectable

movement was seen in these control teeth at the

end of the experimental term, their appliances

were considered as passive, even when not clearly

specified by the authors. In one study (16), a

treated control group was subjected to active

treatment (aligning and levelling phase), while

two further studies (24, 26) only had a control

group with no appliance. In the last three studies

(15, 19, 22), incomplete information did not allow

clear classification of the activation of the ortho-

dontic appliance during the experimental term.

The experimental terms were generally short,

with most being up to 1 week, that is, 168 h (15,

19, 21–25), with longer experimental terms of up

to 21 days (20, 27), 28 days (16, 18) and 2 months

(26) also used. One study (17) was limited to

changes that occurred within 24 h of the appli-

cation of the forces. All of the studies included an

early time point after the application of the forces,

either at 1 h or 1 day (or both).

Collection sites of GCF and methods of volume

determination

For the test teeth, in eight studies (15, 17, 19, 21–

23, 25, 26), the GCF was collected specifically from
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compression sites, while in four other studies (16,

18, 20, 27), it was collected from both tension and

compression sites. In the last study (24), no indi-

cation was given about the type of stress exerted

on the periodontium from which the GCF was

collected.

All of the studies made use of paper strips to

collect the GCF, with no other methods used.

With the exception of three studies (16, 18, 20) in

which endodontic paper points (#30) were used,

the rest used PerioPapers. In five studies (16–18,

20, 27), a single sampling per site was performed,

with one study having two sampling sites per

experimental tooth (17); in seven studies (15, 19,

21–24, 26), two consecutive samplings were per-

formed per site (and then pooled). In one study

(25), a repetition of four samplings per site was

followed. The sampling time was 30 s (15–20, 25–

27) or 1 min (21–24). The time interval between

repeated samplings was 1 min (15, 19, 21–25) or

90 s (26). The GCF volume was determined using

a Periotron in all of the studies (versions 6000 or

8000), with the exception of three (16, 18, 20),

which used an analytical balance for weight

determination, with the volume derived assuming

1.0 g ⁄ ml as the specific weight of GCF.

Clinical monitoring

In nine of the studies (15, 16, 18–23, 25), the mean

degree of OTM of the test teeth was reported,

which ranged from 0.82 ± 0.22 mm (168 h; 21) to

1.9 ± 0.5 mm (28 days; 18). In the rest of the

studies (17, 24, 26, 27), the degree of OTM of the

test teeth was not reported. In all of the studies

using a control tooth wearing an active ortho-

dontic appliance (16), or with a passive appliance

where the experimental term began after a pre-

vious aligning and levelling phase (15, 18–21, 23,

25), the degree of OTM of these teeth was not

detectable. In all other cases, the control teeth

underwent no OTM, as they did not wear an

orthodontic appliance or the appliance was pas-

sive and no previous aligning and levelling phase

was performed.

The periodontal conditions of all of the experi-

mental teeth (recorded as plaque accumulation,

bleeding on probing and probing depth) were

optimal throughout the experimental terms in 10

studies (15, 17, 19, 21–27). On the other hand, in

three studies (16, 18, 20), they worsened slightly

during the observational term in the test and

contralateral control teeth wearing appliances.

However, in these studies, the antagonist control

teeth that were not wearing any appliance,

showed optimal clinical conditions during the

study term.

GCF volumes

The GCF volumes recorded were presented as

means ± SD in all of the studies, with the excep-

tion of two, in which means ± SE (15) and medi-

ans (17) were reported. This last study also

merged the GCF volumes of the test and control

teeth. In some studies (16, 18, 20), overall GCF

volumes recorded over time within each experi-

mental group were reported. In other studies (21,

24–27), the full data were shown. The overall

means ± SDs were calculated and are reported in

Table 2. In the rest of the studies (15, 17, 19, 22),

the data on GCF volume were shown only for a

24-h time point, independent of the length of the

experimental term (see also Table 3). The GCF

collected had means for all of the groups between

0.13 and 0.17 ll when collected by a single end-

odontic paper point per experimental site (16, 18,

20) and between 0.35 and 0.44 ll when collected

twice per experimental site using PerioPapers (15,

19, 21–24, 26). In one study (25), up to 0.88 ll GCF

was collected per site by pooling four consecutive

samplings. In another study (17), where they used

two PerioPapers at two different sites per experi-

mental tooth, that is, not consecutive, the median

GCF volumes were in the range of 0.10–0.17 ll. In

the last study (27), in which the GCF was collected

using a single PerioPaper in a single site per

experimental tooth, the mean GCF volume ranged

between 0.50 and 0.59 ll.

Main reported results and conclusions

Generally, irrespective of the studies, the GCF

volumes were similar between the test and control

teeth, with very few statistically significant

differences. In eight studies (15, 19, 21–26), no

12 Orthod Craniofac Res 2013;16:1–19

Perinetti et al. GCF volume and OTM



statistically significant differences were seen for

any of the comparisons (including comparisons

between experimental teeth within each time

point, or over time within each experimental

tooth). In one study, similar results were seen for

the juvenile group of subjects, while for the adult

group, there was a modest but significant increase

in GCF volume from 0.17 ll to 0.20 ll (as medi-

ans) from baseline to 24 h, respectively (pooled

data for experimental and control teeth). In three

studies (16, 18, 20), the only statistically signifi-

cant differences in the GCF volumes were seen

between the teeth wearing an orthodontic appli-

ance (either passive or active) and the teeth not

wearing an appliance. In the last study (27), the

test and control teeth were both wearing ortho-

dontic appliances, and they showed some modest,

but statistically significant, increases in GCF vol-

umes over the study term. However, no significant

differences were seen between the experimental

teeth at each time point, nor between the mesial

(tension) and distal (compression) sites of the test

tooth.

In seven studies (15, 17, 19, 21–24), the results

regarding the GCF volume were not discussed. In

three studies (16, 18, 20), the increases in GCF

volume were ascribed to the periodontal inflam-

mation that was consequent to the fixed appli-

ance placement, rather than to OTM per se. In the

last three studies where the periodontal condi-

tions were optimal throughout the experimental

terms (25–27), the GCF volumes were concluded

to have been influenced by periodontal inflam-

mation (even at a subclinical level) and not by

OTM.

Quality analysis and risk of bias in individual studies

The results of the quality analysis are shown in

Table 3. The quality was medium ⁄ high in one

study (27), medium in six studies (16–18, 20, 21,

23, 25, 26) and low in all of the other six studies

(15–17, 19, 22, 24).

The selection description was classified as

adequate (full) in 12 studies (16–27), and as not

adequate (partial) in one study (15; Table 4). All of

the studies extensively detailed the age, sex and

systemic and periodontal health of the subjectsT
a
b

le
3
.

Q
u

a
li

ty
e
v
a
lu

a
ti

o
n

o
f

th
e

1
3

s
tu

d
ie

s
in

c
lu

d
e
d

in
th

e
p

re
s
e
n

t
re

v
ie

w

S
tu

d
y

D
e
si

g
n

S
a
m

p
le

d
e
sc

ri
p

tio
n

T
re

a
tm

e
n
t

d
e
sc

ri
p

tio
n

C
o
n
tr

o
l
g

ro
u
p

w
ith

p
a
ss

iv
e

a
p

p
lia

n
c
e

M
e
th

o
d

e
rr

o
r

(G
C

F

vo
lu

m
e
)

A
d

e
q

u
a
c
y

o
f

st
a
tis

tic
a
l

a
n
a
ly

si
s

P
re

vi
o
u
s

e
st

im
a
te

o
f

sa
m

p
le

si
ze

G
C

F
p

o
in

t

m
e
a
su

re
s

a
n
d

va
ri
a
b

ili
ty

Q
u
a
lit

y

sc
o
re

Ju
d

g
e
d

q
u
a
lit

y

st
a
n
d

a
rd

U
e
m

a
ts

u
e
t

a
l.

(1
5
)

C
C

T
P

a
rt

ia
l

F
u
ll

N
o

N
o

N
o

(p
a
ra

m
e
tr

ic
)

N
o

P
a
rt

ia
l

6
L
o
w

P
e
ri
n
e
tt

i
e
t

a
l.

(1
6
)

C
C

T
F
u
ll

F
u
ll

N
o

N
o

Y
e
s

(p
a
ra

m
e
tr

ic
)

N
o

P
a
rt

ia
l

8
L
o
w

R
e
n

e
t

a
l.

(1
7
)

C
C

T
F
u
ll

P
a
rt

ia
l

Y
e
s

N
o

Y
e
s

(p
a
ra

m
e
tr

ic
)

N
o

P
a
rt

ia
l

8
L
o
w

P
e
ri
n
e
tt

i
e
t

a
l.

(1
8
)

C
C

T
F
u
ll

F
u
ll

Y
e
s

N
o

Y
e
s

(n
o
n
p

a
ra

m
e
tr

ic
)

N
o

P
a
rt

ia
l

9
M

e
d

iu
m

S
u
g

iy
a
m

a
e
t

a
l.

(1
9
)

C
C

T
F
u
ll

P
a
rt

ia
l

N
o

N
o

N
o

(n
o
n
p

a
ra

m
e
tr

ic
)

N
o

P
a
rt

ia
l

6
L
o
w

P
e
ri
n
e
tt

i
e
t

a
l.

(2
0
)

C
C

T
F
u
ll

F
u
ll

Y
e
s

N
o

Y
e
s

(n
o
n
p

a
ra

m
e
tr

ic
)

N
o

P
a
rt

ia
l

9
M

e
d

iu
m

K
a
w

a
sa

ki
e
t

a
l.

(2
1
)

C
C

T
F
u
ll

F
u
ll

Y
e
s

N
o

Y
e
s

(p
a
ra

m
e
tr

ic
)

N
o

F
u
ll

1
0

M
e
d

iu
m

N
is

h
iji

m
a

e
t

a
l.

(2
2
)

C
C

T
F
u
ll

P
a
rt

ia
l

N
o

N
o

N
o

(n
o
n
p

a
ra

m
e
tr

ic
)

N
o

P
a
rt

ia
l

6
L
o
w

Y
a
m

a
g

u
c
h
i

e
t

a
l.

(2
3
)

C
C

T
F
u
ll

F
u
ll

Y
e
s

N
o

N
o

(n
o
n
p

a
ra

m
e
tr

ic
)

N
o

P
a
rt

ia
l

8
M

e
d

iu
m

Y
a
m

a
g

u
c
h
i

e
t

a
l.

(2
4
)

C
C

T
F
u
ll

P
a
rt

ia
l

N
o

N
o

Y
e
s

(p
a
ra

m
e
tr

ic
)

N
o

F
u
ll

8
L
o
w

D
ils

iz
e
t

a
l.

(2
5
)

C
C

T
F
u
ll

F
u
ll

Y
e
s

N
o

Y
e
s

(n
o
n
p

a
ra

m
e
tr

ic
)

N
o

F
u
ll

1
0

M
e
d

iu
m

L
u
p

p
a
n
a
p

o
rn

la
rp

e
t

a
l.

(2
6
)

R
C

T
F
u
ll

F
u
ll

N
o

N
o

N
o

(n
o
t

sp
e
c
ifi

e
d

)
N

o
F
u
ll

9
M

e
d

iu
m

D
ru

m
m

o
n
d

e
t

a
l.

(2
7
)

R
C

T
F
u
ll

F
u
ll

Y
e
s

N
o

Y
e
s

(p
a
ra

m
e
tr

ic
)

N
o

F
u
ll

1
1

M
e
d

iu
m

⁄h
ig

h

Orthod Craniofac Res 2013;16:1–19 13

Perinetti et al. GCF volume and OTM



included. Similarly, in all of the studies, the lack of

any antibiotics or anti-inflammatory therapies

prior to and during the experimental terms was

clearly reported for all of the subjects. In the only

study with a sample description classified as

partial (15), the lack of information regarded

the age range, that is, standard deviation, of the

subjects.

The treatment description was classified as full

in 10 studies (15, 16, 18–21, 23, 25–27). In partic-

ular, in one of these studies (27), clinically

detectable movement of the test teeth was seen

and recorded, although not shown. The treatment

description was classified as partial in the other

studies. The incomplete treatment descriptions

related to potential clinically detectable OTM (17,

Table 4. Reappraisal of 12 study reports through calculation of the highest and lowest effect size coefficients and the

corresponding percentage variations in the comparisons and other related information

Study HighestES

Variation

(%)

Compared teeth

(time point) Lowest ES

Variation

(%) Comparisons ⁄ time point

Highest ES coefficient ‡ 1.0

Uematsu et al. (13) 1.46 17.1 Test vs. contralateral*

(24 h)

0.40 5.7 Contralateral vs.

antagonist� (24 h)

Perinetti et al. (16) 1.18� 21.4 Contralateral* vs.

antagonist� (overall)

0.28 6.3 Test vs. contralateral*

(overall)

Perinetti et al. (18) 1.17� 21.3 Contralateral* vs.

antagonist� (overall)

0.28 6.3 Test vs. contralateral*

(overall)

Nishijima et al. (20) 1.00 12.8 Test vs. contralateral ⁄

antagonist* (24 h)

NA – –

Highest ES coefficient ‡0.20 and <1.00

Drummond et al. (25) 0.57 )22.0 Test vs. contralateral*,

distal sites (1 h)

0.04 )2.0 Test vs. contralateral*,

mesial sites (24 h)

Yamaguchi et al. (22) 0.53 10.5 Test (high-friction) vs.

antagonist� (24 h)

0.0 0.0 Test (low-friction) vs.

antagonist� (all

time points)

Luppanapornlarp et al. (24) 0.41 )34.4 Test (50 gf) vs.

antagonist� (1 h)

0.03 2.3 Test (150 gf) vs.

antagonist� (1 h)

Kawasaki et al. (19;

juvenile group)

0.40 13.5 Test vs. contralateral ⁄

antagonist* (24 h)

0.27 12.5 Test vs. contralateral ⁄

antagonist* (168 h)

Perinetti et al. (14) 0.29 15.4 Contralateral§ vs.

antagonist� (overall)

0.00 0.0 Test vs. contralateral§

(overall)

Kawasaki et al.

(19; adult group)

0.28 28.2 Test vs. contralateral ⁄

antagonist* (1 h)

0.22 15.8 Test vs. contralateral ⁄

antagonist* (24 h)

Sugiyama et al. (17) 0.22 2.7 Test vs. contralateral*

(24 h)

NA – –

Yamaguchi et al. (21) 0.15 2.6 Test vs. contralateral*

(overall)

NA – –

Dilsiz et al. (23) 0.07 2.3 Test vs. contralateral*

(1 h and 168 h)

0.0 0.0 Test vs.

contralateral� (24 h)

For each of the studies analysed, the highest and lowest effect size (ES) seen in all of the possible comparisons is shown. Variation,

corresponding to the ES shown and calculated on the smaller of the two means which were compared. Negative variation values indicate

a lower GCF volume for the test teeth.

NA, not applicable.

Control teeth that during the study period: *wore a passive fixed appliance, or �had no appliance, or §were subjected to orthodontic forces.
�Difference between the corresponding mean values that were statistically significant.
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24) or the intensity of the force applied to the test

teeth (24). In one study (22), whether or not an

initial aligning and levelling phase was performed

prior to the beginning of the experimental term

was neither specified nor derivable. In only seven

studies (17, 18, 20, 21, 23, 25, 27), did the control

teeth wear a passive orthodontic appliance, while

none of the studies included a method error

analysis for GCF volume determination.

The statistical methods were judged appropri-

ate in eight studies (16–18, 20, 21, 24, 25, 27). In

contrast, in five studies, the statistical analysis

was judged inappropriate, because of the use of

parametric tests when nonparametric tests would

have been more appropriate (derived from the

high asymmetrical distributions of the data sets

when no more information, that is, data trans-

formation, was provided; 26), or because the

multiple nature of the comparisons was not taken

into account and corrections of the p values in

pairwise comparisons were not declared (15).

Finally, in three studies (19, 22, 23), tests for

comparing independent data sets were used in

spite of the paired nature of the compared groups�

data.

None of the studies used previous estimates of

sample size. Point measures and measures of

variability were reported in full in five studies (21,

24, 25, 27) and partially in the rest of the studies.

Regarding the risk of bias assessment in indi-

vidual studies, no information was provided on

the concealment of randomization in the two

RCTs (26, 27), and none of the studies reported a

blindness of the outcome assessor.

Effects-size coefficients of GCF volume

For four studies (16, 18, 20, 23), the ES coefficients

were calculated on the overall GCF volumes of

each experimental group. For four further studies

(15, 17, 19, 22), the ES coefficients were derived

only at a unique time point (according to the data

provided in the articles), while for five studies (21,

24–27), the ES coefficients for each time point

could be calculated. In one of these studies (27),

the ES coefficients were also calculated for mesial

and distal sites in the treated group, which cor-

responded to tension and compression sites,

respectively. Finally, for one study, the ES coeffi-

cients could not be calculated as the outcomes

were reported as medians, and no other data for

this calculation were available (17).

A total of 69 ES coefficients were calculated.

Among these, 32 (46.4%) were below 0.2; 33

(47.8%) were between 0.2 and 0.8; none was

between 0.8 and 1.0; and only 4 (5.8%) were above

1.0. The results of the highest and lowest ES

coefficient calculations for each of these 12 stud-

ies are shown in Table 4, along with all of the

relative information about the OTM treatment

and timing of the GCF collection.

Only four studies included in this reappraisal

revealed a high ES coefficient of at least 1.0 (range,

1.0–1.46; 15, 18, 20, 22). The coefficients of varia-

tion were small for these studies and ranged from

12.8% (22) to 21.4% (18). In two of these studies

(18, 20), the highest ES coefficients retrieved (1.18

and 1.17) related to comparisons between a con-

tralateral control tooth wearing a passive appli-

ance and the other antagonist control tooth not

wearing any appliance; on the other hand, in the

same studies, the lowest ES coefficients retrieved

(0.28) related to comparisons between the

(moved) test teeth and the (non-moved) contra-

lateral teeth. In all of the other studies, the highest

ES coefficient retrieved ranged from 0.07 (25) to

0.57 (27). The corresponding coefficients of vari-

ations were also variable, and ranging from

)34.4% (meaning a lower GCF volume in the

moved teeth; 26) to 28.2% (21). For the same

studies, the lowest ES coefficients retrieved were

extremely low and not relevant (Table 4).

In general, no clear behaviour for the magni-

tude of the ES coefficients could be seen with

respect to the different time points, nor was there

any significant correlation between the coeffi-

cients of variations and the corresponding ES

coefficients (data not shown).

Discussion

This systematic review was undertaken to address

the issue of whether or not the GCF volume is a

useful diagnostic aid in monitoring OTM in a site-

specific manner.
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Studies recording the GCF volume during OTM

generally reported very large inter-subject vari-

ability (15–27). This aspect would make results

from studies, in which the control samples

belong to different subjects, less reliable than

those in which test and control samples belong to

the same person. Moreover, increases in the

GCF after the placement of a fixed orthodontic

appliance may also be due to subclinical

inflammation in the absence of detectable tooth

movement (27). Therefore, studies using a split-

mouth design, especially those with control sites

wearing an appliance but not subjected to forces,

and with a close monitoring of the periodontal

conditions, have been selected for this systematic

review.

Main findings

All of the studies saw little or no changes in the

GCF volume incident to OTM, at least for the

short experimental terms from 24 h to 2 months

(Table 2). When statistically significant differ-

ences were seen in the experimental teeth, these

were ascribed to the clinical or subclinical peri-

odontal inflammation that was consequent to the

placement of the fixed appliances. Of interest, the

only study that could not be retrieved here is

a very early one (28) that, using a controlled

split-mouth design, also reported no significant

changes in the GCF volume collected from

orthodontically moved teeth and untreated con-

trols. In particular, this information was retrieved

from a narrative review article (29).

These results are consistent over the different

appliances used to obtain the OTM with forces

presumed to be up to 250 gf (Table 2). Indeed,

with the exception of only three studies (17, 26,

27), in all of the rest the actual forces exerted by

the appliances were presumed to be equal to

those provided by the manufacturers being not

measured in situ.

However, these results are reinforced by the

optimal clinical conditions that were present in all

of the experimental sites in most of the studies,

with the exception of three studies (16, 18, 20), in

which a correct control group was nevertheless

provided. Therefore, the potential effects on the

GCF volume of the gingival inflammation because

of plaque accumulation rather than OTM were

avoided or controlled in all of these studies. The

measure of the GCF volume through current

technology is thus not reliable in assessing tissue

remodelling incident to OTM. Moreover, these

findings argue against reporting constituents of

GCF as volumetric concentrations instead of as

total levels, while these biomarkers may eventu-

ally be expressed relative to total protein content

(30, 31) or as ratios of different constituents (32).

Risk of bias at study ⁄ outcome and review level

Six of the studies included were of low quality,

and only one was of medium ⁄ high quality

(Table 3). However, a further important aspect

was seen in the not completely achievable blind-

ing in such studies, and for this reason, this cri-

terion was not included in this quality analysis.

However, the more recent studies were generally

of better quality, as the total scores seen here were

significantly correlated with the year of publica-

tion (Spearman�s rho, 0.61, p < 0.05). As for the

PRISMA risk of bias of individual studies, no

proper information on the concealment of ran-

domization was provided in the two RCTs (26, 27),

nor a clear indication as to the outcome assessor

blindness, referring to the operator in charge of

measuring the GCF volume, was reported.

A further important aspect relates to the

repeatability of the GCF sampling. In this regard,

none of the studies included here performed any

analysis for the repeatability of the GCF volume

according to the sampling procedures used.

A different study (33), however, has shown that

when the sampling procedure is standardized, the

GCF volume collected should have intra-subject

consistency up to 5 weeks. Further studies that

evaluate the repeatability of the GCF sampling in

greater depth are warranted.

Most of the studies included in this systematic

review used the Periotron to measure the GCF

volume. The Periotron has been developed for

both clinical and research purposes, and both the

6000 and 8000 versions have been reported to

be reliable and convenient for measuring GCF

volumes. However, for volumes <0.2 ll, the

16 Orthod Craniofac Res 2013;16:1–19
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associated errors can be up to 20% (8). This error

is of relevance when dealing with healthy

periodontal conditions, such as with orthodontic

patients in which the total sampled GCF volume is

generally equal to or slightly below 0.2 ll ⁄ paper

strip (see Table 2). Moreover, the coefficients of

variation corresponding to the highest ES coeffi-

cients retrieved in this analysis were generally

below 20% (Table 4). Of interest, none of the

studies considered here included a method error

analysis of the GCF volume determination.

Therefore, whether or not the GCF volume is not

sensitive to OTM or is sensitive at a level that

remains below the detection capabilities of the

measurement methods used to date remains an

open issue.

Regarding limitations at the review level, full

data on the GCF volume reporting were seen only

in few studies (21, 24–27) with the rest reporting

selective data for given time points or merging

data among time points. Moreover, because of the

paired nature of the data, the means and SDs of

the GCF volumes reported for each experimental

group of teeth were not enough to calculate the

confidence intervals (CIs) of the ES coefficients. In

spite of these limitations, the results obtained in

the quantitative analysis provided herein clearly

demonstrate the lack of sensitivity of the GCF

volume to OTM.

General interpretation of the results in the context of other

evidence

An important issue when dealing with GCF vol-

ume is the sampling procedure. Indeed, the use of

paper strips allows the collecting of the resting

GCF inside the crevice, which is referred as to the

GCF volume. In contrast, the use of capillary

tubing kept inside the crevice for several minutes

is useful for the sampling of the GCF flow, which

is a somewhat different entity (7). Interestingly, all

of the studies included in this analysis used paper

strips to collect GCF, reporting very small changes

in terms of GCF volumes incident to OTM

(Table 2). In contrast, other studies that used

capillary tubing have reported notable increases

in GCF flow rate (34–36). However, these studies

and others could not be included in the present

review as they did not have a split-mouth design

(34, 37) or they were uncontrolled (35, 36). From

this point of view, further evidence is necessary to

establish whether or not GCF flow, rather than

GCF volume, might be sensitive to OTM. How-

ever, the discomfort of the capillary tubing in

sampling the GCF (7) might significantly limit its

application in a clinical setting.

A further important issue relates to the features

of any diagnostic tool, which has to provide

measurement outcomes that can be considered

accurate (i.e. with high sensitivity and specificity),

in terms of the presence ⁄ absence of a given con-

dition. However, a difficulty in reappraising pre-

vious data resides in the variability of the number

of subjects enroled in the studies examined, ren-

dering the corresponding power of the statistical

tests also poorly comparable (38). Moreover, none

of the studies included in this analysis carried out

a prior estimation for the sample size, and thus,

whether or not a lack of statistical power has

caused the lack of statistical significance remains

an open issue. Therefore, a critical approach to

assess the relevance of measurements of the GCF

volume as a diagnostic aid in orthodontics has to

rely on highly accurate measurements that are

recorded at two different teeth, one moved

orthodontically and the other not, whereby the

GCF volume should show recordable changes

when compared to the corresponding variances.

Indeed, a low ratio here would be responsible for

low sensitivity and specificity, indicating the poor

diagnostic performance of a given tool. A statis-

tical approach to quantify this ratio (taking into

account the sizes of the study populations) is

provided by the calculation of the ES coefficient

(14), which has been used as an index of diag-

nostic performance (39, 40). However, the present

ES coefficients were generally low (Table 4), that

is, below the threshold of 1.0, and whether or not

those above this value would remain as such even

considering the corresponding CIs is not proven

here.

These results from the retrieved ES coefficients

show that in spite of the different methods to

achieve OTM and the different time points, the

GCF volume per se does not have diagnostic

potential as a biomarker of tissue remodelling
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incident to OTM. This result is highly consistent

among the studies, with the highest ES coefficient

of 1.46 (15; Table 4). Moreover, in two studies (18,

20), the corresponding highest ES coefficients

retrieved were seen between two control teeth,

the difference between which was the wearing or

not of a passive fixed appliance. Therefore, the

preferred method to monitor the process of OTM

on an individual basis still remains based upon

the clinical parameters, that is, degree of tooth

displacement, radiographical detection of root ⁄ -
bone resorption, probing depth or subjective pain.

However, these methods remain limited by their

failure in taking into account the full biological

response of the tissues to forces, as they do not

have predictive value in term of tissue damage. In

this view, current evidence has shown that the

quantification of the several GCF biomarkers,

such as those for tissue inflammation (41),

necrosis (18, 20) or bone metabolism (42), has

potential for the successful monitoring of the

different aspects of tissue response incident to

OTM.

Conclusions

Using current methods for sampling and mea-

suring, the GCF volume is not a reliable index for

tissue remodelling incident to OTM.

Clinical relevance

Biological monitoring of orthodontic tooth

movement through analyses of GCF has been

advocated for the setting of the optimum force

magnitude in vivo. However, using current pro-

cedures, the measuring of GCF volume does not

provide a diagnostic index of tissue remodelling

during orthodontic treatment.
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