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Blood pressure, blood sugar and gingival crevicular fluid 
volume in adult females with malocclusion in Benin City, 
Nigeria
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Original Article

Background: The gingival crevicular fluid  (GCF) may be a valuable adjunct in the initial diagnosis and 
assessment of the severity of periodontal disease in patients with hypertension and diabetes. The GCF 
volume may be used to monitor and plan appropriate dental treatment and prevent progression of disease 
in adult patients with malocclusion who have hypertension or diabetes.
Aim: The aim of this study is to determine the volume and correlation between blood pressure, blood sugar 
and GCF volume in adult females with malocclusion in Benin City, Nigeria.
Methods: A  total of 152 fasting women aged 26–65  years were divided into two groups as follows: 
Group 1: Malocclusion; n = 82 (54%) (crowding ‑ 41, spacing – 39 and anterior open bite ‑ 2) and Group 2: 
Normal occlusion; n = 70 (46%). Blood pressure and blood sugar values were obtained and the GCF volume 
measured. Correlations between age, gender, probing depth, malocclusion, blood pressure, blood sugar 
and GCF volume were determined using the Statistical Package for Social Sciences (version 16) software. 
Significant values of P < 0.05 were applied.
Results: The highest GCF volume in the total sample studied was 2.17 µL in 1.3% and the most prevalent was 
seen in 0.62 µL in 42.8%. GCF volumes of 0.93 µL were most prevalent in crowding in 14.6% and in 0.62 µL 
in spacing in 9.9%. Furthermore, a GCF volume of 0.62 µL was highest in blood pressure of 121/89 mmHg 
in 9.9% and blood sugar levels of 80–120 mg/dl in 25% of subjects, respectively. Malocclusion (crowding, 
spacing and anterior open bite) exhibited a higher number 45.1% in GCF volume of 0.62 µL. There was, 
however, no significant relationship between blood pressure, blood sugar and GCF volume (P > 0.05) in 
both the malocclusion and control groups. There was also a statistically significant difference between GCF 
volume and pocket depth (P < 0.01).
Conclusion: This study revealed that blood pressure and blood sugar levels in adult females with malocclusion 
do not affect GCF volume. A positive correlation, however, exists between GCF volume, pocket depth and 
oral hygiene in Benin City.
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INTRODUCTION

The gingival sulcus is a shallow crevice or space around the 
tooth. The boundaries are the surface of  the tooth on one 
side and epithelium lining the free margin of  the gingiva on 
the other side. It is ‘V’ shaped and its depth as determined 
from histological sections is 1.8 mm.1 The probing depth 
of  a clinically normal gingival is 1–3  mm.1 However, 
pathological processes increase the probing depth which 
results in pocketing.1,2 The gingival sulcus produces fluid, 
and its production is governed by the passage of  fluid from 
the capillaries into the tissues with a balance maintained by 
its removal from the lymphatic system. However, when the 
rate of  capillary filtrate exceeds that of  lymphatic uptake, 
this fluid will accumulate as oedema and may leave the area 
as gingival crevicular fluid (GCF).2‑5

Studies have demonstrated that plaque and gingivitis 
predispose to periodontal disease with a resultant increase 
in GCF volume.6 These include overgrowth of  the gingiva 
as a result of  poor oral hygiene due to poor patient 
care, or malposition of  the teeth as in certain types of  
malocclusion.7‑9 Other studies on malocclusion also found 
a greater incidence of  gingivitis and periodontal disease 
in subjects with malocclusion.7,8 Lower arch crowding in 
the lower incisal region was identified as being a prevalent 
form of  anterior segment crowding10‑12 and may be a 
predisposing factor to the initiation and progression of  
periodontal disease in that area.9‑11,13 Certain conditions 
also predispose to gingival overgrowth and subsequently 
periodontal disease and include overhanging margins in 
improperly restored teeth,6,14 certain systemic diseases 
including diabetes,15‑18 hypertension and drug‑induced 
gingival overgrowth.18‑21 There appear to be no studies in 
our environment correlating systemic disease, malocclusion 
and GCF volume.

Various studies identified a positive correlation between 
the severity of  inflammation of  the periodontal tissues 
and an increased volume of  GCF.22‑24 Other factors can 
also influence the rate of  production of  GCF and include 
endotoxins22 and phagocytosis following trauma.24 Many 
studies have been carried out on the correlation between 
the various conditions and factors that increase GCF 
volume,6‑9,14‑24 with apparently no studies on the volume 
and its correlation with either malocclusion or systemic 
disease in our environment.

Studies by numerous authors2‑6,23‑27 measured the volume 
and rate of  flow of  GCF and various methods of  
collection2‑6 which include the use of  absorbing paper 
strips or paper points, twisted threads placed around 

and into the sulcus, micropipettes, capillary tubes25‑28 and 
intracrevicular washings.29 Methods of  collection could 
also be extracrevicular, intracrevicular superficial23 or 
intracrevicular deep.2,4 The amount of  fluid collected on a 
strip may be evaluated by staining with ninhydrin to make 
it more visible and measured plainmetrically on an enlarged 
photograph or with a magnifying glass or microscope.2‑5 
Alternatively, capillary tubes of  known internal diameters 
can be used to obtain GCF and the volume of  fluid 
obtained by capillary action estimated using the height 
of  the fluid column and the volume from the internal 
diameter and the length of  the tube.25‑26 Studies have also 
shown that collections of  large volumes of  GCF are best 
collected with the capillary tube method.25‑28 Excessive 
volumes of  GCF from diseased sites can also be obtained 
using absorbent paper strips.4 A review of  the literature, 
however, did not reveal any study in our environment on 
methods of  collection of  GCF fluid in either normal or 
patients with systemic disease.

The amount of  GCF fluid collected however varies 
and studies have demonstrated different volumes from 
different sites25,29,30 and in different clinical conditions.4 
The sites identified for GCF collection include the labial 
aspects of  crowded incisal teeth,31,32 interradicular and the 
mesial and distal aspects of  teeth (interproximal sites).33,34 
Volumes collected from these sites have ranged from 0.1 µl 
in slightly inflamed gingiva to 2.9 µl and above in clinical 
cases of  periodontitis25,29‑34 which may be as a result of  the 
systemic disease.

This study aimed to evaluate whether blood pressure and 
blood sugar affects GCF volume in adult females with 
malocclusion in Benin City, Nigeria.

METHODS

A total of  152 adult females aged 26–65‑years, were 
selected from participants who attended a Church Medical 
Outreach programme in Benin City Nigeria and who met 
the following inclusion criteria:
1.	 Good general health
2.	 Positive or negative history of  systemic disease
3.	 Mobile teeth of  grade 2 mobility and less
4.	 No history of  smoking
5.	 No food or drink at least 12 h before examination
6.	 No prior orthodontic treatment
7.	 No prior use of  medication at least 4 weeks before 

examination
8.	 No prior treatment for high blood pressure
9.	 No prior treatment for elevated blood glucose levels
10.	 No restoration or prosthesis on the selected tooth.
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Written and informed consent was obtained from women 
who agreed to have their blood sugar and blood pressure 
tested as well as their mouths examined, respectively. 
Ethical clearance was also obtained from the University 
of  Benin Teaching Hospital Ethics Committee. All 
information and results were entered into a pre‑structured 
pre‑tested questionnaire.

Malocclusion was divided into crowding, spacing and 
anterior open bite.
•	 Crowding: Was defined as overlapping or deflection 

of  erupted permanent teeth limited to the anterior 
segments of  the mandible

•	 Spacing: Was determined if  there was no approximal 
contact between the lower anterior teeth with a range 
of  2 mm or more within a segment. Spacing resulting 
from extractions was not considered as spacing

•	 Anterior open bite: Was determined if  there was 
an actual vertical gap between the upper and lower 
incisors with the jaw in centric occlusion.

Blood pressure was classified as listed below:
•	 120/80 mmHg and below ‑ Normal
•	 121–139/81–89 ‑ Pre‑hypertension
•	 140–159/90–99 ‑ Hypertension
•	 160/100 and above ‑ Malignant hypertension

Blood sugar was also classified as listed below:
•	 79 mg/dl and below ‑ Normal
•	 80–120 mg/dl ‑ Elevated blood sugar
•	 121 mg/dl and above ‑ Diabetes.

Oral hygiene status was assessed and classified using the 
simplified oral hygiene index of  Greene and Vermillion35 
as listed below:
•	 Good ‑ 0.0–1.3
•	 Fair ‑ 1.4–3.0
•	 Poor ‑ 3.1–6.0.

Probing pocket depth was measured using the WHO probe 
and classified as follows:
•	 1–3 mm ‑ clinically healthy
•	 >4 mm ‑ Periodontal pocket.

The clinical examination was carried out between 7 am and 
10 am on the same day by a team of  calibrated examiners 
(two dental surgeons for the oral examination) and six 
trained nurses using the same brand of  blood pressure 
equipment (Omron M2®) and glucometer  (Finetest 
Autocoding™ Premium). No examination and test were 
carried out after 10 am and only women who were fasting 
were included in the study. A total number of  298 women 

were available but after the inclusion criteria were applied, 
a total sample size of  152 was obtained.

Gingival crevicular fluid sample collection
Intra‑oral examination was carried out using natural light 
and disposable mouth mirrors and probes to determine the 
oral hygiene status and pocket depth of  each participant. 
Sterile cotton gauze was placed in the lingual sulcus to 
prevent saliva contamination. The intracrevicular deep 
method was used to collect the GCF sample. Size thirty 
sterile paper points were gently inserted into the gingival 
sulcus of  the labial aspect of  the middle of  the lower central 
incisor for all participants until a slight resistance was felt 
and left in situ for 60 s. The amount of  fluid visible on the 
paper point after withdrawal was measured (in millimetres) 
using a metal ruler and transferred onto the pre‑structured 
questionnaire of  each subject.

The intra‑examiner reproducibility was assessed using 
re‑examination of  twenty randomly selected women 
1 h after their initial selection. The kappa score was 0.80 
indicating a good agreement.

Gingival crevicular fluid volume determination5

GCF fluid was drawn up in a pilot study on ten randomly 
selected patients and the volume collected with a 
micro‑capillary tube 75  mm long of  known external 
diameter (1.5–1.6  mm) diameter tube with an internal 
diameter of  1.1–1.2 mm (or radius 0.55–0.6), and using 
the formula:

h
r

≈
× −1 4 8 0. 1 5

m

The liquid would increase a maximum height of  27 mm.

Volume was determined using the internal diameter of  the 
capillary tube cylinder using the formula:5

V = (pi/4) × D × D × L

= 0.785 × 1.1 × 1.1 × 75

1 µL = 1 mm3 and a 10% change in diameter (1.1–1.2 mm) 
leads to a 21% change in volume giving a range of  
71–85 µL.

The fluid collected in the randomly selected patients using 
the capillary tube method (extracrevicular) rose between 
0.1 and 1 mm (measured with self‑locking vernier calipres) 
and this fluid was transferred to sterile dry size thirty paper 
points. The distance the fluid travelled on size thirty paper 
points (intracrevicular method) was measured and used to 
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give a baseline for this study (1 mm of  fluid collected in 
the capillary tube is 3.1 µL and this measured 10 mm on 
the paper points). A comparative analysis between these 
two measurements gave a Kappa value of  0.82 indicating 
good agreement.

Data analysis
The data obtained was analysed using the Statistical Package 
for Social Sciences software version 10. Statistical tests of  
significance between frequencies and gender differences 
were evaluated using the Chi‑square test. The confidence 
level was set at 95% and probability values (P < 0.05) were 
considered statistically significant.

RESULTS

A total of  152  female participants aged 26–65‑year‑of  
age were included in the study. The 31–40‑year‑old 
age groups were the highest number in 47  (30.9%) and 
the 61–65‑year‑old age group the lowest number in 
12 (7.9%). Other age groups included the 26–30‑year‑old 
in 20 (13.2%), the 41–50‑year‑old age group in 40 (26.3%) 
and the 51–60‑year‑old in 33 (21.7%).

Half  of  the sample population, 76  (50%) had normal 
blood pressure, whereas 19 (12.5%) had blood pressure 
between 140–159 and 90–99 mmHg and 20 (13.2%) had 
between 160/100 mmHg and above. A  GCF volume 
of  0.62 µl was highest in 32 (49.2%) for blood pressure 
ranges between 120/80 mmHg and below. Table 1 shows 
the distribution between GCF volume and blood pressure 
ranges. Crowding 41 (27%), exhibited the largest number 
with normal blood pressure seen in 20 (26.3%). Spacing 
was seen in 39 (25.7%) of  the entire sample studied with 
the largest number of  17  (22.4%) with normal blood 
pressure, and 2  (10%) seen with blood pressure ranges 
of  160/100 and above. Anterior open bite was seen in 
an equal distribution with normal blood pressure and 
140–159/90–99 mmHg in 1 participant, respectively. 

There was no significant relationship between blood 
pressure and malocclusion.

Table  2 shows a distribution between oral hygiene and 
blood pressure ranges. Oral hygiene was assessed as good 
in 23 (15.1%), fair in 54 (35.5%) and poor in majority of  
75 (49.3%).

Majority of  sample 100 (65.8%) had elevated fasting blood 
sugar levels of  80–120 mg/dl, 22 (14.5%) between 121 mg/dl 
and above and was more prevalent in the 41–50‑year‑old. 
Normal blood sugar levels were seen in 30 (19.7%). Blood 
sugar levels were highest in malocclusion (crowding spacing 
and AOB) in values of  80–120 mg/dl. Table 3 shows a 
distribution of  blood sugar levels and GCF volume.

Malocclusion was seen in 82 (54%) with a breakdown of  
crowding in 41 (27%), spacing in 39 (25.7%) and anterior 
open bite in 2  (1.3%). A  control group with normal 
occlusion of  70 (46%) was also included. Figure 1 shows a 
comparative analysis between GCF volume, malocclusion 
and normal occlusion.

There was a significant correlation P < 0.01, between oral 
hygiene and GCF volume GCF volume ranged from 0.16 
to 2.17 µl with pocket depths of  0.5–7 mm. There was 
also a significant but weak correlation; r = +0.18, P < 0.01, 
between pocket depth and GCF volume [Figure 2].

DISCUSSION

Various systemic diseases and local conditions in the mouth 
have different outcomes on periodontal indices including 
the GCF volume. While previous studies suggested a 
possible association between periodontal diseases and 
increased blood pressure and blood sugar levels,16‑18,35‑37 
other studies investigated the correlation between GCF 
volume and composition in patients with periodontal 
disease as a result of  systemic disease or malocclusion.6‑9,16‑18

Table 1: Gingival crevicular fluid volume and blood pressure
GCF volume (µl) Blood pressure (mmHg) Total, n (%)

120/80 and less, n (%) 121/81-139/89, n (%) 140/90-159/99, n (%) 160/100 and above, n (%)

0.16 5 (55.6) 2 (22.2) 1 (11.1) 1 (11.1) 9 (100)
0.31 13 (59.1) 4 (18.2) 4 (18.2) 1 (4.5) 22 (100)
0.47 1 (25) 1 (25) 2 (50) 0 4 (100)
0.62 32 (49.2) 15 (23.1) 8 (12.3) 10 (15.4) 65 (100)
0.78 2 (50) 1 (25) 0 1 (25) 4 (100)
0.93 12 (54.5) 6 (27.3) 1 (4.5) 3 (13.6) 22 (100)
1.09 0 0 1 (100) 0 1 (100)
1.24 8 (44.4) 6 (33.3) 1 (5.6) 3 (16.7) 18 (100)
1.55 0 1 (50) 1 (50) 0 2 (100)
1.86 2 (66.7) 1 (33.3) 0 0 3 (100)
2.17 1 (50) 0 0 1 (50) 2 (100)
Total 76 (50) 37 (24.3) 19 (12.5) 20 (13.2) 152 (100)

P>0.05. GCF: Gingival crevicular fluid
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The present study investigated if  blood pressure and blood 
sugar levels would affect the GCF volume in adult females 
with malocclusion in Benin City, Nigeria and compared it 
with a group of  women with normal occlusion.

Other studies demonstrated that periodontal health, GCF 
volume and flow rate are influenced by behavioural changes 
which include smoking, oral hygiene, diet, malocclusion 
and systemic disease.6‑9,15‑18,34 Previous studies investigated 
the association between gender in systemic disease and 
periodontal health36,38 while others associated GCF volume, 
flow rate and composition, in subjects with gingival 
inflammation and periodontal disease.30,38 Hormones 
have been found to play a role in certain physiological 
and pathological disease states.15,16,18 A study determined 
that there is a variation in the severity of  gingivitis and 
periodontitis in pregnant females when compared with 
normal women as a result of  variations in the hormonal 
level.39 Our study determined that systemic diseases 
including high blood pressure and elevated blood sugar 
levels does not affect the periodontal health of  females 
with malocclusion in our environment.

While the study did not show any association between 
high blood pressure and GCF volume, studies by 
Rivas‑Tumanyan et al.36 did not also observe any association 
between high blood pressure and periodontal disease. 
This is in contrast with a study where patients with poor 
oral hygiene tended to have higher blood pressure levels 
than healthy subjects with good oral hygiene.38 However, 
a clinical relationship between high blood pressure 
and pocket formation as a result of  severe gingivitis 
and aggressive periodontitis has been demonstrated to 
exist.14,38,40 Other studies34,38 have identified a positive 
relationship between pocket formation and GCF volume 
which is in agreement with the present study where a 
pocket depth of  7 mm recorded the highest GCF volume 
of  2.17 µl. Studies by Tymkiw34 also demonstrated 
the highest GCF volumes of  2.1  ±  0.8 µl in patients 
with periodontitis. The present study demonstrated a 
significant relationship between blood pressure and age 
but no correlation between blood pressure and pocket 
formation. This is in agreement with other studies38 where 
an increased blood pressure level is associated with an 
increase in age.

There was also no relationship between blood sugar, age, 
oral hygiene and GCF volume in this study. This is however 
in contrast with other studies10,16‑18 where an increased 
blood sugar level has been shown to modify periodontal 
disease with an increased prevalence of  gingivitis and 
periodontal disease.16

This study found a highly significant difference 
between GCF volume and oral hygiene with some of  
the participants  (49.3%) demonstrating a poor oral 
hygiene. This is in contrast with studies on malocclusion 
by Onyeaso et al.9 who found majority of  the subjects 
with a good oral hygiene. This is due to the fact that 

Figure  1: Comparative analysis of gingival crevicular fluid volume 
between malocclusion and normal occlusion (P > 0.05)

Figure  2: Correlation between gingival crevicular fluid volume and 
pocket depth with the total number of participants (r = +0.18, P < 0.01)

Table 2: Blood pressure and oral hygiene
Blood pressure 
(mmHg)

Oral hygiene Total, n (%)
Good, n (%) Fair, n (%) Poor, n (%)

120/80 and less 14 (18.4) 25 (32.9) 37 (48.7) 76 (100)
121/81-139/89 6 (16.2) 20 (54.1) 11 (29.7) 37 (100)
140-159/90-99 1 (5.3) 6 (31.6) 12 (63.2) 19 (100)
160/100 and 
above

2 (10) 3 (15) 15 (75) 20 (100)

Total 23 (15.1) 54 (35.5) 75 (49.3) 152 (100)

P>0.05
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their study9 was clinic based with patients educated on 
the need for good oral hygiene, whereas our study was 
carried out in a community with no prior exposure. 
The present study is also in agreement with numerous 
studies which found a correlation between oral hygiene 
and GCF volume.3,4,6,8,14,15,23,24,30,32 This study found 
out that poor oral hygiene as a result of  malocclusion 
had a significant relationship on GCF volume. Lower 
anterior arch crowding was identified as a predisposing 
factor in plaque retention which may result in gingivitis 
and periodontitis.7,8,10,13 Majority of  participants in this 
study had lower anterior arch crowding which is in 
agreement with other studies11,12 and also an increased 
GCF volume.

Studies by Gomes et al.39 showed a significant relationship 
between periodontal probing depth and GCF volume 
which is in agreement with the results of  the present 
study. Other studies have identified increased probing 
depth in systemic diseases especially increased blood 
sugar levels.16‑18 This is at variance with the present study 
where there was no association between elevated blood 
sugar levels and probing depth. However, there was a weak 
positive linear relationship between the GCF volume and 
pocket depth when compared with the total number of  
participants.

CONCLUSION

This study revealed that there is a significant relationship 
between GCF volume, pocket depth, malocclusion and 
oral hygiene and no association between blood pressure 
and blood sugar levels.
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