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Abstract: Background and Objectives: Little information is available on the role of Vitamin D as a micro-
nutrient deficiency with masticatory muscle efficiency and its effect on the function of removable
prosthesis. The aim of this study was to evaluate the role of vitamin D on masticatory muscle
activity among completely edentulous patients and its effect on the retention of removable complete
dentures (RCDs). Materials and Methods: A non-randomized clinical control trial was conducted
on completely edentulous patients (60.53 ± 7.01 years) in the Indian population between 2017 and
2019. Subjects were evaluated for temporomandibular disorders according to the Diagnostic Criteria
for Temporomandibular Disorders (DC/TMD). Serum Vitamin D (S Vit D) levels, Ultrasonography
(USG), and surface Electromyography (sEMG) readings of the masseter muscle were recorded at
enrolment (Level 0), after 3 months of Vitamin D therapy (Level 3), and after consecutive 3 months
of maintenance therapy, i.e., after 6 months from baseline (Level 6). The fabrication of new RCDs
was done for all after the enrolment, and the retention of RCDs was assessed by asking a question
regarding denture retention and asking respondents to mark their satisfaction on a 5-point Likert
scale. Data were analysed using ANOVA, Paired’-test and Pearson correlation coefficients. A p-value
less than 0.05 indicated a statistically significant association. Results: Between enrolment and a six-
month follow-up, S Vit D levels showed an increase from 16.03 ± 5.68 ng/mL to 31.35 ± 9.28 ng/mL,
showing an increase of 15.32 ± 9.38 ng/mL (95.57% rise). Statistically significant values were observed
for USG and sEMG. Conclusions: Results showed that S Vit D affects masticatory muscle activity by
improving its thickness and boosting its tonicity. Healthy muscles assist in the retention of RCDs,
consequently aiding in mastication, speech, and phonetics, hence improving patient satisfaction.
Clinical implication: Acknowledging the fact that the prevalence of Vitamin D deficiency is worldwide.
We suggest Vitamin D therapy as a nutritional intervention among the elderly completely edentulous
population, following dietary counselling, and consider Vitamin D therapy to be an adjunct to
nutritional counselling for improving masticatory muscle activity and efficiency, which aids in RCD
retention and stability. Consequently, improving oral health-related quality of life for individuals.

Keywords: masseter muscle; cholecalciferol; muscle performance; muscle strength; removable
complete denture; ultrasonography; electromyography
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1. Introduction

Vitamin D is the hormone that regulates calcium phosphate homeostasis and mineral
bone metabolism. Different tissues have varied receptors to absorb the micronutrient;
vitamin D receptors are important as they are responsible for the biological effects of
vitamin D [1–6]. Vitamin D deficiency is indeed extremely common in many chronic
diseases, such as chronic obstructive pulmonary disease, cardiac insufficiency, cancer, and
chronic kidney disease (CKD) [6], and the elderly population is most often affected by these
problems. Vitamin D has been known to be of importance to musculoskeletal health, which
is essential in old age [7,8].

Vitamin D is either consumed in the form of food or synthesized in the body when
exposed to sunlight (accounting for 80–90% of the vitamin D body stores). Cholecalciferol
(vitamin D3) is produced in the skin and found in fatty fish and mammals, while ergocal-
ciferol (vitamin D2) is obtained from yeasts and plants. Vitamin D supplements contain
vitamins D2 or D3, and recent studies have proved the superiority of vitamin D3 in the treat-
ment of vitamin D insufficiency [9]. Vitamins D2 and D3 are both hydroxylated primarily in
the liver to 25-hydroxyvitamin D (25OHD) and subsequently in the kidneys (and different
peripheral cells) to become the active vitamin D metabolite, 1,25-dihydroxyvitamin D
(calcitriol), which acts on the vitamin D receptor [10].

Generally, patients with vitamin D deficiency present with muscle pain and weak-
ness [5,7,9]. According to SCAN, 2016 (Scientific advisory committee on nutrition), Vitamin
D has a profound effect on oral health by regulating the rate of progression of bone loss
during periodontal disease, which may modulate more rapid tooth loss in people with
low serum cholecalciferol [6,9–13]. Replacement of missing teeth in completely edentulous
patients is done most commonly by removable complete dentures (RCDs) [14,15]. Elderly
denture wearers often find that their chewing ability is insufficient and that they are obliged
to eat soft foods [1,16]. Edentulous patients find it fatiguing to disintegrate the food bolus
into a digestible form [2,17,18], developing a dietary imbalance [3]. Reasons for eating soft
food and the inability to break the food bolus into small pieces may be many, but retention
of RCDs is one of the important factors. This results in the improper absorption of nutrients.
The number of macronutrients (carbohydrates, proteins and fats) still can be absorbed
from the larger bolus, but absorption of micronutrients becomes a challenge leading to
nutritional deficiency. Consequently, several degenerative age changes occur in the body
cells, making a person feeble.

Evidence shows that good muscle strength is a key to success in improving the re-
tention of RCDs [4,19,20]. Patients with vitamin D (an essential micronutrient) deficiency
present with muscle pain and weakness [5,21,22], which may affect the retention of the
RCDs. Due to a deficiency in dietary intake of Vitamin D, supplements of it are advised
orally or by injection [9]. Most experts consider Serum Vitamin D (S Vit D)- 25(OH)D
of <20 ng/mL as deficient, and 21–30 ng/mL as insufficient [10–13]. Holick’s recom-
mended [13] S Vit D levels > 30 ng/mL to take full advantage of all the health benefits.

Even in the modern era of dental implantology, a majority of edentulous patients still
opt for RCD to improve oral health-related quality of life (OHRQoL) [23–25]. According to
Jacobson and Krol, neuromuscular control is one of the key factors in providing retention
as well as stability to a removable complete denture [4,26]. Craddock [5] described the
gripping action of facial muscles on RCDs. The masseter influences the denture base during
both the opening and closing movements of the mandible [23,27,28]. Consequently, it
becomes important to evaluate the influence of facial muscle wasting on the retention and
stability of RCDs [29]. Very little is known about the role of vitamin D on masticatory mus-
cles and its impact on the denture-holding capacity of muscles, aiding in denture retention,
thus making this study unique [30]. Therefore, the current research was conducted in the
north Indian population of Aligarh Province as an interventional randomized control trial
with the aim to evaluate the role of vitamin D on the masticatory muscle activity among
completely edentulous patients and its effect on the retention of dentures as perceived
by patients. The null hypothesis formulated in this research was that there would be no
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difference in the muscle activity of masticatory (masseter) muscles and patients would not
perceive any change in retention of RCDs, after vitamin D therapy.

In the present study, the role of vitamin D on muscle activity was evaluated through
surface electromyography (sEMG) [31–36] of the masseter muscle and its thickness, with
the help of ultrasonography (USG) [36]. The values of sEMG and USG were compared
before starting the vitamin D therapy and after the completion of the therapy. The retention
of the RCDs as perceived by patients was assessed subjectively by asking related self-
administered questions.

2. Materials and Methods
2.1. Study Design

A double-blinded, interventional, non-randomized control trial was conducted in
the Aligarh Province (Uttar Pradesh, India) between 2017 and 2019. This study aimed to
evaluate the role of vitamin D on masticatory muscle activity among completely edentulous
patients and its effect on the retention of dentures as perceived by patients. The study
was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of the Institute. JNMC, AMU, Aligarh, India [JNMC-
AMU/ECL/22-2013-14]. The study protocol was developed, and all subjects gave their
written informed consent for inclusion before they participated in the study.

2.2. Study Subjects and Sample Size

A total of 130 completely edentulous patients between the ages of 38 and 75 were
recruited for the study. Subjects were evaluated for temporomandibular disorders according
to the Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) [37]. Inclusion
criteria were asymptomatic subjects without any TMD, patients with no more than one
year of edentulous state, and new denture wearer patients with high well-rounded residual
alveolar ridges. Exclusion criteria considered were old denture wearer (more than 1 year),
patients with any systemic disorders, drug allergies, on any immune drug therapy, weak
thin, lean patients with possible muscle dystrophy, and patients in whom the loss of
teeth occurred due to any trauma or bone fracture. All recruited patients underwent a S
Vit D level assessment. Based on the S Vit D levels of the recruited subjects, these were
categorized as subjects with adequate S Vit D (the control group) and subjects with deficient
S Vit D amounts (the treatment group).

2.3. Methodology

In the present study, the assessments were done at three points in time: at 0 months
(T0); 3 months (T3) and 6 months (T6).

Pre-intervention—At T0-S Vit D, USG and sEMG values were recorded for each
enrolled subject. Based on S Vit D levels, only treatment group subjects were recommended
the Vitamin D oral supplements.

Intervention: For treatment group subjects, the intervention of vitamin D was done
orally following the recommendations of Holicks [33], Grant et al., and R. Vieth [38–41]. The
Vitamin D was administered for 3 months till T3, and the maintenance dose was continued
for the next 3 months till T6 in treatment group subjects.

At T3 and T6 the S Vit D levels, USG-measured muscle thickness and sEMG-measured
muscle activity were recorded as compared with baseline (pre-intervention) T0. As far as
treatment groups are concerned, they were formulated only to assess the need for vitamin D
supplementation. The collected data comprised categorical variables as well as continuous
variables. Therefore, the statistical tests were performed based on these two types of
variables. The association of different clinico-demographic factors with S Vit D levels was
analysed (Table 1). The collected variables were age, gender (male, female), occupation
(farmer/labourer/field, skilled worker/priest, shopkeeper/service/business, professional,
housewife/household), sun exposure (yes, no), eating habit (vegetarian, non-vegetarian),
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address (rural, urban), old denture (yes, no), S Vit D, USG measured muscle thickness, and
sEMG measured muscle activity.

Table 1. Descriptive Characteristics and Correlation with each time of recording of Vitamin D.

Variables T0 T3 T6

Age 60.62 ± 6.94

rp = 0.115 rp = −0.052 rp = −0.037

Gender
Male
Female

93 (71.5%)
37 (28.5%)

rs = −0.263 rs = −0.116 rs = −0.126

Occupation
Farmer/Labourer/field
Skilled worker/priest
Shopkeeper/Service/business
Professional
Housewife/household

47 (36.2%)
5 (3.8%)

49 (37.7%)
2 (1.5%)

27 (20.8%)

rs = −0.388 rs = −0.085 rs = −0.096

Sun Exposure
No
Yes

62 (47.7%)
68 (52.3%)

rs = 0.223 rs = 0.037 rs = 0.045

Eating Habit
Vegetarian
Non Vegetarian

90 (69.2%)
40 (30.8%)

rs = −0.012 rs = −0.053 rs = −0.037

Address
Rural
Urban

71 (54.6%)
59 (45.4%)

rs = −0.179 rs = 0.013 rs = 0.003

Old Denture
No
Yes

77 (59.2%)
53 (40.8%)

rs = 0.244 rs = 0.053 rs = 0.105

Serum D (ng/mL) 16.09 ± 5.62 33.47 ± 10.83 31.31 ± 9.12
USG (mm) 6.53 ± 1.29 7.39 ± 1.21 7.59 ± 1.05

rp = 0.611 rp = 0.313 rp = 0.419

sEMG (µV) 151.21 ± 51.65 223.15 ± 52.81 248.91 ± 49.39

rp = 0.778 rp = 0.424 rp = 0.583

Vitamin D Status
Severely Deficient
Insufficient
Deficient
Sufficient

12 (9.2%)
94 (72.3%)
21 (16.2%)
3 (2.3%)

0 (0.0%)
11 (8.5%)
38 (29.2%)
81 (62.3%)

0 (0.0%)
11 (8.5%)
42 (32.3%)
77 (59.2%)

rs = 0.786 rs = 0.856 rs = 0.871
Mean ± standard deviation is represented for continuous variables and N (%) are depicted for categorical variables.
‘rp’ means Pearson correlation and ‘rs’ means spearman correlation.

The data for S Vit D, USG-measured muscle thickness, and sEMG-measured muscle
activity were collected at three different points in time: T 0 was the baseline after interven-
tion, T3 was at 3 months, and lastly, the values of these three variables were collected at T6,
which was at 6 months. The three values of S Vit D, USG measured muscle thickness, and
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sEMG measured muscle activity were paired values as they are the before and after values
of an intervention.

At T0, even if the old dentures were present, for each subject they were removed
for 1 week, and the recording of USG and EMG occlusal bite records were made (by the
chief researcher and trained technician who was blinded from the study) for each patient,
and the averaging of the EMG and USG values of masseter were completed in the resting
position and during maximum bite clenching. After the recordings, the RCD fabrication
and insertion were done for both groups of patients, following the normal conventional
procedure for removable complete denture fabrication. In this procedure, initially, the
primary impression was taken, and the primary cast was fabricated. Furthermore, after
making a special tray, the secondary impression was made, and the master cast was poured
with type IV die stone (GC Fujirock EP; GC Europe), to be used in further steps. Clinical
steps involved were primary impressions, border molding with definitive impressions,
jaw relations using a face bow [Hanau Spring-Bow (Whipmix, Louisville, KY, USA)] and
inter-occlusal bite record with polyether bite registration material (RAMITEC, 3M ESPE,
ST. PAUL, MN), teeth selection, wax trial placement, denture adjustment (expect occlusal
surface adjustments), and insertion. Laboratory steps were master cast and special tray fab-
rication, mounting on a semi-adjustable articulator (Whipmix 2000 Serise-2240, Louisville,
Ky, USA), teeth arrangement, and fabrication of CDs with conventional compression mold-
ing technique, lost wax technique, and a long polymerization cycle (9 h in a water bath
at 73_C ± 1_C followed by 1/2 h in boiling water as recommended by the manufacturer)
using heat-polymerizing acrylic resin (Dentsply Trubyte, INT. INC., York, PA, USA). The
heat-polymerized CDs were finished and polished before the insertion visit [16–19,26].
Following the normal conventional protocol for complete denture insertion, patients were
recalled after one week following their first recall visit. After one week, when patients
reported, each patient was asked a question regarding denture retention (“What do you
feel about the retention of your denture, during regular normal activities such as chewing,
talking etc?”—Please mark your satisfaction on the Likert scale), as perceived by them
and was asked to mark their satisfaction with denture retention based on a 5-point Likert
scale as 5-highly satisfied; 4-satisfied; 3-cannot differentiate; 2-not satisfied, and 1-poorly
retained [42].

At T3, after completing 3 months of drug regime and dentures use, all three readings
(S Vit D, USG and sEMG) were recorded again for both group subjects. After assessing the
values of S Vit D, the intervention of Vitamin D was continued as a maintenance dose for
the next 3 months in treatment group subjects. All subjects were asked to continue denture
use regularly. Furthermore, the same question regarding denture retention was asked, and
the response was recorded on the same scale.

At T6, three months after T3, both the group control and treatment group subjects
were recalled, and readings were taken for the same variables (S Vit D, USG, and sEMG)
and the same question’ response was recorded.

Recording of S Vit D, USG, and sEMG

• Measurement of S Vit D

The institute’s medical pathology laboratory support was taken for the test. The
trained technician blinded from the study collected the blood sample from each subject.
The liquid chromatography-tandem mass spectroscopy (LC-MS) was applied for the direct
measurement of 25(OH)D [25-hydroxyvitamin D] in the serum. The Vit-D levels were
expressed in ng/mL [32,33].

• sEMG of masseter muscle

sEMG of the masseter muscle was done with surface electrodes, using surface elec-
tromyography apparatus (NeuroStim Ultra, NeuroStim Ultra series Machine, EMG-2000 se-
ries; Medicaid Systems, Mohali, Punjab; India) available in the institute pathology depart-
ment. Surface electromyography (sEMG) is a form of measurement of the masticatory
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muscles’ functionality, able to identify variations of the electric potential of the muscles dur-
ing each performed contraction, both in chewing and swallowing [34]. The technique used
and the guidelines were previously explained to the patient. During recording, patients
underwent mastication with their own cycles and spontaneous swallowing.

All sEMG tests were performed by the same technician as the chief researcher both of
them had been calibrated for the same. Prior to each sampling, site friction with non-sterile
gauze soaked in 70% alcohol was performed in order to minimize artifacts and improve
signal capture. The reference electrode (earth) was placed in the front portion of the patient’s
head. Data were obtained on the electrical activity of the masseter muscle group during
the tasks of rest and maximum clenching (with maximum bite force, MBF). The records
were collected by MBF, maintained for 5 s, and repeated three times with a 1 min interval
addition to rest between each collection. The average was used for signal normalization,
equivalent to 100% of the electrical activity. The signals collected during mastication were
analysed by Root Mean Square (RMS) and expressed in microvolts (uV) [34–36].

• USG of Masseter muscle

All scans were carried out in the ultrasonography department. Each subject was
examined by the same operator using the Thei Style Ultrasound system with a 7.5–9.0 MHz
broadband transducer. A line was drawn joining the lateral commissure of the mouth to the
intertragic notch (space that separates the tragus from the antitragus in the outer ear) of the
ear, crossing the masseter muscle. A generous amount of water-soluble conductive gel was
applied evenly on the muscle area on the cheeks using a gauze pad. The ultrasound probe
was placed on the line with a feather-like pressure. The angle of the probe was adjusted to
produce the strongest echo from the mandibular ramus, which was achieved when the scan
plane was perpendicular to its surface. The imaging and measurements were performed
bilaterally with the subjects in a supine position under two different conditions: when the
teeth were gently occluding with the muscle in a relaxed position and during maximal
clenching, with the masseter muscle contracted. The measurements were made directly
from the image at the time of scanning [36].

Each measurement was recorded twice at an interval of 1 h and the average value was
considered for analysis. The three levels of S Vit D, USG measured muscle thickness, and
sEMG measured muscle activity was paired values as they are the before and after values
of an intervention. A thorough analysis was conducted.

As far as the use of a repeated measures mixed model is concerned, we would like to
admit that S Vit D levels over a period of 6 months are not dependent upon the vitamin D
supplementation alone but are also dependent on a host of other factors such as season,
dietary intake, level of sun exposure, etc., and hence it is not desirable to study this
multifactorial model without considering all these factors.

2.4. Statistical Methods

Descriptive characteristics were determined for each variable. The mean ± standard
deviation (sd) was reported for continuous variables, while the total frequency (percentage)
was written for categorical variables. Pearson correlation and Spearman correlation coeffi-
cients were calculated for continuous and categorical variables. The correlation of S Vit D
was estimated with each continuous and categorical variable. Apart from this, each level
of S Vit D was tested for correlation with each level of USG-measured muscle thickness
and sEMG-measured muscle activity. S Vit D was tested for significant differences with
respect to the categorical variables gender, occupation, sun exposure, eating habit, address,
old denture, and S Vit D status. Normality was tested for all continuous variables by using
the Shapiro-Wilk test. If there were two categories, then independent samples t-test and
Mann-Whitney tests were used depending on the normality assumption of the variables.
For more than two categories, ANOVA with Scheffe post hoc and Kruskal-Wallis tests were
applied to determine the statistical significance of the continuous variables between the
groups of discrete variables. For pairwise comparisons after a significant Kruskal-Wallis
test, the Mann-Whitney test was used with a Bonferroni correction. The three paired levels
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of serum D, USG-measured muscle thickness, and sEMG-measured muscle activity were
analysed for significant differences using the Friedman test. The pairwise comparison after
a significant Friedman test was made using a Wilcoxon signed rank test with a Bonferroni
correction. The level of significance was fixed at 5%. The implemented statistical tests
were said to be significant if the p-value was less than or equal to the level of significance.
IBM-SPSS version 20 was used for conducting all the statistical analysis.

3. Results

A total sample of 130 patients was collected for the study, of whom 93 (71.5%)
were males and 37 (28.5%) were females. The average age was 60.62 ± 6.94 years. The
ratio of sun exposure was about the same, with the yes and no categories having 68
(52.3%) and 62 (47.7%) patients. Average S Vit D was 16.09 ± 5.62 (ng/mL) at level 0,
33.47 ± 10.83 (ng/mL) at level 3 and 31.31 ± 9.12 (ng/mL) at level 6. It is to be noted that
the average values of S Vit D increased due to the intervention from level 0 to levels 3
and 6. Looking at the S Vit D status variable, it was found that there were no severely
deficient patients at the 3-month and 6-month time points. The number of insufficient S Vit
D individuals also reduced largely at 3 months and 6 months. From 3 months to 6 months,
deficient S Vit D individuals increased. However, the number of patients slightly decreased
in the sufficient S Vit D category. The Pearson correlation coefficient between level 0 S Vit
D and level 0 USG measured muscle thickness was estimated at 0.611; between level 3 S
Vit D and level 3 USG measured muscle thickness was 0.313; and between level 6 S Vit D
and level 6 USG measured muscle thickness was 0.419. The highest correlation between
S Vit D and sEMG-measured muscle activity was found between the two level 0 values
(rp = 0.778). The descriptive characteristics in the form of mean ± sd, number (percentage),
Pearson, and Spearman correlation are shown in Table 1.

Table 2 represents the Pearson correlation coefficients of S Vit D with USG-measured
muscle thickness and S Vit D with sEMG-measured muscle activity. In Table 1, the corre-
lations of these variables were only between level 0 with level 0, level 3 with level 3, and
level 6 with level 6. However, Table 2 depicts all possible correlations between the three
levels of vitamin D with three levels of USG-measured muscle thickness and three levels
of S Vit D with three levels of sEMG-measured muscle activity. Starred values represent
significance at a 5% level of significance.

Table 2. Correlation coefficients between Vitamin D and USG; Vitamin D and sEMG.

Vitamin D
USG sEMG

Level 0 Level 3 Level 6 Level 0 Level 3 Level 6

Level 0 0.611 * 0.490 * 0.501 * 0.778 * 0.517 * 0.491 *

Level 3 0.160 0.313 * 0.355 * 0.155 0.424 * 0.558 *

Level 6 0.193 * 0.352 * 0.419 * 0.180 * 0.471 * 0.583 *
* Denotes that the correlation coefficients are significant at 5% level of significance.

The characteristics of S Vit D based on all categorical variables are represented in
Table 3. Mean ± sd values are provided for each category of each variable. According to
the Shapiro-Wilk test, level 0 and level 3 of vitamin D did not follow normal distribution
(p value < 0.05) but level 6 values followed normal distribution (p value > 0.05). The aver-
age value of S Vit D at level 0 in males was 16.91 ± 5.58 (ng/mL) while in females it was
14.09 ± 5.23 (ng/mL). S Vit D at level 0 was statistically significant (p value < 0.05) between
males and females. At level 6, the average value of S Vit D went up to 33.94 ± 10.09 (ng/mL)
in males and 29.95 ± 9.74 (ng/mL) in females, and the results were statistically non-
significant (p value > 0.05) between males and males. The occupation variable had
5 categories; therefore, Kruskal-Wallis and ANOVA tests were used. Only level 0 vitamin
D values were significant (p value < 0.05). The significant difference was observed between
farmer/labourer/field and housewife/household (p value < 0.01) and it was also observed
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between farmer/labourer/field and shopkeeper/Service/business (p value < 0.01). There
was a significant difference (p value < 0.05) between the three levels of S Vit D continuous
values and the three status variables of vitamin D. The remaining S Vit D characteristics
based on categorical variables are presented in Table 3.

Table 3. Testing Vitamin D with Categorical Variables.

Vitamin D

Variables Level 0 Level 3 Level 6 p Value
(Level 0)

p Value
(Level 3)

p Value
(Level 6)

Gender
Male
Female

16.91 ± 5.58
14.09 ± 5.23

33.94 ± 10.09
32.31 ± 12.58

31.87 ± 8.87
29.95 ± 9.74

0.003 0.187 0.281

Occupation
Farmer/Labourer/field
Skilled worker/priest
Shopkeeper/Service/business
Professional
Housewife/household

18.89 ± 6.14
16.94 ± 3.65
14.59 ± 4.12
17.25 ± 2.05
13.75 ± 5.61

33.74 ± 7.87
32.20 ± 4.28
33.79 ± 11.63
44.35 ± 1.63
31.87 ± 14.41

31.81 ± 6.87
31.48 ± 3.41

31.54 ± 10.11
43.01 ± 0.42
29.19 ± 11.11

<0.001
0.219 0.301

Farmer vs.
Housewife

(0.001)
&

Farmer vs.
Shopkeeper

(0.002)

Sun Exposure
No
Yes

14.75 ± 4.63
17.34 ± 6.14

33.59 ± 12.51
33.37 ± 14.51

31.11 ± 12.01
31.51 ± 13.51

0.011 0.673 0.807

Eating Habit
Vegetarian
Non-Vegetarian

15.96 ± 4.86
16.43 ± 7.07

33.57 ± 9.62
33.26 ± 13.29

31.42 ± 8.43
31.12 ± 10.65

0.890 0.545 0.866

Address
Rural
Urban

17.07 ± 6.28
14.94 ± 4.45

33.62 ± 11.83
33.29 ± 9.59

31.43 ± 9.77
31.19 ± 8.38

0.042 0.879 0.888

Old Denture
No
Yes

14.95 ± 4.61
17.79 ± 6.49

33.25 ± 11.24
33.79 ± 10.31

30.81 ± 9.28
32.08 ± 8.94

0.005 0.547 0.435

Vitamin D Status (Level 0)
Severely Deficient
Insufficient
Deficient
Sufficient

8.11 ± 1.44
14.98 ± 2.81
22.72 ± 2.59
37.07 ± 4.67

20.38 ± 5.21
35.44 ± 9.81

31.51 ± 12.82
38.01 ± 3.77

20.51 ± 6.09
32.96 ± 8.41
29.33 ± 9.75
37.41 ± 3.35

<0.001 <0.001 <0.001

Vitamin D Status (Level 3)
Severely Deficient
Insufficient
Deficient
Sufficient

-
9.71 ± 2.71

16.17 ± 6.17
16.94 ± 5.08

-
16.06 ± 2.37
24.97 ± 3.04
39.82 ± 8.21

-
15.27 ± 2.82
24.47 ± 3.52
36.72 ± 6.33

<0.001 <0.001 <0.001

Vitamin D Status (Level 6)
Severely Deficient
Insufficient
Deficient
Sufficient

-
10.62 ± 3.25
16.42 ± 6.24
16.71 ± 5.13

-
16.55 ± 3.29
25.85 ± 4.24
40.05 ± 8.39

-
15.23 ± 2.72
24.74 ± 3.37
37.21 ± 6.14

0.001 <0.001 <0.001

The two-sample analysis required to test the significance between the three levels of
S Vit D continuous values and the three status variables of S Vit D is described in Table 4.
The p values were obtained using a two-sample independent t test and the Mann Whitney
test. These were followed by the application of the Bonferroni correction. At 3 months
and 6 months’ time points, there were no severely deficient cases. Thus, no p values were
estimated for such cases, and this is portrayed in Table 4.



Medicina 2023, 59, 410 9 of 15

Table 4. Summary of two samples analysis.

Vitamin D
Status Vitamin D

Severely
Deficient vs.
Insufficient

Severely
Deficient vs.

Deficient

Severely
Deficient vs.

Sufficient

Insufficient
vs. Deficient

Insufficient
vs. Sufficient

Deficient vs.
Sufficient

L
ev

el
0

St
at

us

Level 0 <0.001 <0.001 <0.001 <0.001 0.010 1.000

Level 3 0.070 <0.001 0.019 0.087 0.654 1.000

Level 6 <0.001 0.026 0.014 0.456 1.000 0.733

L
ev

el
3

St
at

us

Level 0 - - - <0.001 <0.001 1.000

Level 3 - - - 0.172 <0.001 <0.001

Level 6 - - - <0.001 <0.001 <0.001

L
ev

el
6

St
at

us

Level 0 - - - 0.002 <0.001 1.000

Level 3 - - - 0.120 <0.001 <0.001

Level 6 - - - <0.001 <0.001 <0.001

Table 5 considers the comparison of vitamin D with all the continuous variables. The
results obtained from applying the Shapiro-Wilk test to determine whether the variables
follow a normal distribution or not are shown. Significant differences between the three
levels of S Vit D and age, the three levels of USG-measured muscle thickness, and the
three levels of sEMG-measured muscle activity were estimated by using two samples in
an independent t test and the Mann Whitney test. The obtained results are shown in the
table. The within-paired group analysis or three related samples analysis was tested by the
application of Friedman test. The three levels of S Vit D were compared with each other.
Similarly, the three levels of USG-measured muscle thickness were compared with each
other, and lastly, a comparison was made among the three levels of sEMG-measured muscle
activity. The achieved values for the Friedman test are depicted in the table. A comparison
cannot be made with the same levels, and thus, the p values are not written. All three
variables resulted in a significant p value (p value < 0.001) and it was concluded that there
is a significant difference between the three levels of vitamin D. Similarly, it is concluded
that a significant difference was determined between the three levels of USG-measured
muscle thickness and between the three levels of sEMG-measured muscle activity.

To find out which paired levels had a significant difference, a pairwise comparison after
the Friedman test was performed by using Wilcoxon signed rank test followed up with a
Bonferroni correction. The resulting p values are presented in Table 6. It was concluded that
there is a significant difference among all the levels of the three variables. In other words,
it can be stated that there is a significant difference between the possible combinations of
the three levels of S Vit D. Moreover, there is a significant difference between the possible
combinations of the three levels of USG-measured muscle thickness and the possible
combinations of the three levels of sEMG-measured muscle activity. Figure 1 shows the
responses of patients to denture retention questions at different levels. The maximum score
calculated for the Likert scale responses of 130 patients at level 0 was 275, at level 3 was
468, and at level 6 it was 505. As the S Vit D deficient patients received Vit D supplements
there was an improvement in muscle activity and patients perceived related improvement
in denture retention.
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Table 5. Testing Vitamin D with Continuous Variables and Three Related Sample Testing.

Vitamin D

Friedman
TestVariables

Shapiro
Wilk

(p Value)

p Value
(Level 0)

p Value
(Level 3)

p Value
(Level 6)

Age 0.008 <0.001 <0.001 <0.001

Serum D (Level 0) 0.000 - <0.001 <0.001

<0.001Serum D (Level 3) 0.001 <0.001 - 0.115

Serum D (Level 6) 0.112 * <0.001 0.115 -

USG (Level 0) 0.001 <0.001 <0.001 <0.001

<0.001USG (Level 3) 0.010 <0.001 <0.001 <0.001

USG(Level 6) 0.155 * <0.001 <0.001 <0.001

sEMG (Level 0) 0.000 <0.001 <0.001 <0.001

<0.001sEMG (Level 3) 0.335 * <0.001 <0.001 <0.001

sEMG (Level 6) 0.007 <0.001 <0.001 <0.001
* Denotes that the variables follow normal distribution.

Table 6. Pairwise comparison after Friedman test and pairwise correlation.

p Values and Correlation Coefficients

Variables Level 0 vs. Level 3 Level 0 vs. Level 6 Level 3 vs. Level 6

Vitamin D
<0.001 <0.001 <0.001

rp = 0.269 * rp = 0.292 * rp = 0.950 *

USG
<0.001 <0.001 0.001

rp = 0.926 * rp = 0.860 * rp = 0.945 *

sEMG
<0.001 <0.001 <0.001

rp = 0.645 * rp = 0.544 * rp = 0.889 *
* Denotes that the correlation coefficients are significant at 5% level of significance.
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Figure 1. Maximum scores about responses for denture retention as perceived by patients at
different levels.
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4. Discussion

In the present study, it was found that demographic and occupational variations
have an impact on S Vit D levels [43]. Amongst the whole sample population, there were
only 2.3% of S Vit D sufficient people; hence, it was proven that Vitamin D deficiency
has become a nutritional pandemic. The present study also showed that rural-urban
background variations affect vitamin D deficiency (Table 1). Modern-day studies have
reported high rates of vitamin D deficiency even in groups of athletes from different parts of
the world [36]. Factually, sun exposure is an untenable solution, for attaining cholecalciferol
sufficiency. Low calcium intake in conjunction with Vitamin D deficiency makes things
vulnerable. Consequently, the need for improvement in the vitamin D status of the Indian
population is both important and urgent [44]. In accordance with the previous studies, the
present study also did not find any significant variation in plasma Vit D levels based on
their dietary intake. According to López-A D et al. [45], ethnic and social variation can
be related to the lower intake of some food groups, but that does not show considerable
changes in vitamin D status [46,47].

At enrolment, S Vit D levels ranged from 5.5 to 41.5 ng/mL in the study population.
After intervention at 3 months, S Vit D levels range improved from 12.5 to 75.80 ng/mL.
Initially, only 3 (2.3%) had S Vit D sufficiency, but after administrating Vitamin D therapy,
we found the majority (63.1%) were vitamin D sufficient. After the intervention of 3 months,
none of the patients had very severe S Vit D deficiency (Table 1). After a consecutive
3 months of maintenance therapy of cholecalciferol, vitamin D levels ranged from 12.0
to 60.5 ng/mL. The change occurred to 60.3% in the S Vit D sufficient group, and none
of the subjects were severely deficient. As demonstrated by Żebrowska A et al., three
weeks of Vitamin D supplementation had a positive effect on serum 25(OH)D levels in
athletes [46,48].

In the present study, improvement was observed in the values of S Vit D, USG, and
sEMG measured masseter muscle thickness and activity after 3-month intervention among
group B subjects, which was in line with the study conducted by CegliaL [48] where
Vitamin D supplementation was shown to improve tests of muscle performance and impact
on muscle fibre composition in elderly patients. Geoffrey D. Abrams et al. [49] explained
that vitamin D has a major role in muscle strength and performance.

In vitamin D insufficiency, the effect on muscle function and physical function mostly
appeared before the clinical signs of bone disease were evident [50]; it had been reported
in previous studies, meta-analyses, and even a clinical trial that there is an increased
risk of falls in elderly subjects with low vitamin D levels, and if treated with vitamin D
supplements, the risk of falls in the elderly is reduced [51,52]. Most likely, this is due to
improved neuromuscular function in response to vitamin D supplementation. Similarly, the
relationship between vitamin D status and muscle strength and physical performance has
been studied in various cohort and cross-sectional studies [53,54]. Similar to these previous
studies, in the present study, comparable observations were obtained after 3 months of
the maintenance phase. There was a mild positive correlation between S Vit D levels and
sEMG and USG values. Studies conducted by Bischoff et al. appear to show a relationship
between 25(OH)D levels and various measures of changes in muscle strength and function
with ageing, which was in association with the present study [55–57].

Regarding the association between S Vit D status and masticatory musculature effi-
ciency at all three levels, after the intervention, both masseter muscle thickness and sEMG
values showed a significant increase during the period (Table 1), thus indicating the sus-
tainability of the masticatory efficiency achieved by the flowing Vitamin D intervention.
Ceglia L et al. concluded that vitamin D supplementation improved muscle performance in
vitamin D-deficient elderly patients. Therefore, the null hypothesis formulated was rejected
as there was an improvement in muscle activity of the masseter muscles (confirmed by
the results of USG and sEMG) and patients perceived and reported improved retention
of RCDs, as affirmed by the high scores of responses of patients after vitamin D therapy.
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Henceforth, in the cohort of the completely edentulous population using RCDs, the role of
Vitamin D therapy can play a key role in improving retention and stability.

The present study shows vitamin D as one of the most important factors affecting
masticatory muscle activity, thus showing the need to include vitamin D assessment and
supplementation as an important measure while planning the prosthodontic rehabilitation
of the edentulous patient. However, it is the need of the hour to systematically evaluate
the role of various other micro-nutrients on the various oral health-related issue at a
global platform.

The present study had certain limitations, which include the short duration of the
study. Furthermore, S Vit D levels are not only dependent upon Vitamin D supplementation
only but are also dependent on a host of other factors such as season, dietary intake, level
of sun exposure, etc. Similarly, the retention of dentures may also be affected by other
factors which were not considered in the study, such as muscle activity and the quality
of old dentures. The time and cause of tooth loss were not recorded, which might have
affected the bony contour of the edentulous ridges. Furthermore, due to some reasons,
muscle insertion might vary in a few patients, so it can be considered a physiological
limitation. The effect of old dentures on ridges, soft tissues, and muscle activity was not
evaluated in the study so as to simplify the study and establish a relationship between S Vit
D levels and muscle thickness and activity, which play an important role in prosthodontics
rehabilitation by RCDs. Thus, further studies are recommended to assess the need for long-
term requirements of vitamin D therapy during the maintenance phase of deficiency-related
ailments. Furthermore, the effect of various factors affecting RCDs including parameters
such as edentulous ridge height, other nutritional deficiency, eating habits, education levels,
etc., should be correlated in future studies for a better understanding of the role of vitamin
D in denture retention. Along with all these, to avoid the Hawthorne effect in further
studies, it is recommended to use either placebo tablets in the control group or administer
vitamin D in the treatment group confined to dietary essentials.

5. Conclusions

Based on the findings of this non-randomized clinical trial, the following conclusions
were drawn. The present study observed S Vit D deficiency irrespective of age, gender,
or dietary habits. However, occupation, sun exposure, and a non-urbanization lifestyle
had an impact on S Vit D levels. Only 2.3% of S Vit D-sufficient people were present
in the study population, making it another nutritional pandemic. After administrating
recommended Vitamin D therapy for three months, the majority (62.3%) became vitamin D
sufficient. Vitamin D therapy has increased S Vit D levels resulting in improved USG and
sEMG values of the masseter muscle, enhancing muscle thickness and boosting muscle
activity, respectively. Acknowledging the fact that the prevalence of Vitamin D deficiency
is worldwide. We strongly suggest vitamin D therapy as a nutritional intervention among
the elderly completely edentulous population, following dietary counselling.
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