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Background: Dental implants are currently one of the most preferred treatment modalities for replacing missing teeth, as they are the 
most comparable to natural teeth. Even so, satisfaction with such treatment may differ depending on patient nature. The aim of this 
article was to examine the relationships between different anthropometric measurements on dental implant patient’s satisfaction.
Methods and Material: Self-administered questionnaire (structured questions) were given to patients who had dental implant 
treatment to evaluate their satisfaction level with dental-implant treatment. Different anthropometric measurements were taken: body 
height; weight; body mass index (BMI); body composition; waist/hip ratio; and circumferences at the waist, hip, and neck.
Results: The overall BMI was 28.9±4.7 kg/m2, there was a highly-significant difference in patient satisfaction among the different 
BMI groups (P< 0.000). The significant difference in most of those groups was between the obese group and the other groups. For 
neck circumference and waist/hip ratio, a significance difference between the normal weight and obese groups (P< 0.000) was found, 
while for percentage of muscle, the differences were between the overweight and obese groups (P< 0.000). According to BMI groups 
a highly significant difference in many patient satisfaction domains were found (P< 0.000). These significant differences were between 
the obese group and non-obese groups for most aspects of patient satisfaction. For patient satisfaction with final appearance, the 
normal BMI group differed significantly from the overweight BMI group (P=0.013). Additionally, for patient satisfaction with dentist 
performance and communication, the overweight BMI group showed significantly higher satisfaction than the normal BMI group 
(P=0.019). Body measurements were correlated negatively with overall patient satisfaction, and positively with satisfaction with 
prosthesis.
Conclusion: The obese group patients had the lowest rate of patient satisfaction. BMI and other body measurements can be used to 
predict patient satisfaction with the outcome of dental implant treatment.
Keywords: dental implant, obesity, body mass index, anthropometry

Introduction
A dental implant is a synthetic tooth root that is implanted into the jaw to replace a missing tooth or teeth that 
have been lost due to dental disease, tumors, trauma or developmental abnormalities.1 Dental implants are 
currently one of the most preferred treatment modalities for replacing missing teeth, as they are the most 
comparable to natural teeth.2

Although dental implant treatment is a somewhat new treatment modality in dentistry, it has undergone substantial 
progress and advancement,3 Whether by creating new procedures to solve certain problems4,5 or by implication of new 
surgical technology tool in dental treatment options.6 However, its cost and relatively long treatment time are still 
considered limitations. Patients anticipate high-standard dental services and excellent treatment outcome as a return for 
the high costs and time consumed during dental implant therapy.7

A previous study stated that dentists should “meet the mind of the patient before meeting the mouth of the patient”.8 

In spite of a good diagnosis and an excellent treatment with significant clinical quality, some patients will remain 
dissatisfied,9 and anxious.10 Thus patient satisfaction is a multifactorial concept and comprises numerous facets.9
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Most of the studies on dental satisfaction have addressed general dental treatment. However, satisfaction may differ 
depending on patient nature and the type of dental treatment implemented.11 Some previous studies have assessed 
satisfaction with dental implant treatment.12

In recent years, a series of discoveries have radically altered the view of adipose tissue, and it is now considered an 
endocrine organ, not simply storage cells. Adipose tissue has a major role in lipid and glucose metabolism and also 
contributes to signaling in homeostasis. There are two main types of adipose tissue: visceral fat, which is located within 
the mediastinum and abdominal cavity, and subcutaneous fat, which is located in the hypodermis.13

However, Body mass index (BMI) has been linked to many dental conditions as well as to the number of decayed, 
missing and filled teeth (DMFT).14 Additionally, obesity has been associated with chronic periodontitis and with poor 
outcomes following periodontal treatment,15 as well as with increase the chance of complications post implant surgery.16 

Similarly, a fatty diet showed to affect osseointegration, resulting in a weak outcome of dental implant therapy.17

BMI, high waist circumference, waist/hip ratio (WHR) and body fat have been associated with periodontitis.18 

Patients with obesity have even been shown to have a different microbiome, as Socransky & Haffajee found a high 
amount of T. forsythia in those with a high BMI (> 35 kg/m2).19 Furthermore, alveolar bone loss has been correlated to 
obesity (BMI> 30 kg/m2) in patients younger than 40 years of age.20

Knowing the risk factors that associated with disease development and progression is important.21 Adipose tissue has 
been found to be a source of stem and progenitor cells,22 in which they showed the effect of these mediators on 
periodontal condition as Currò et al in their study on mRNA transcripts in the gingival tissues suggest that “transglu-
taminase gene expression” could be modified in the damaged gingival.23 Similar, results had been shown by Isola et al on 
their study on microRNA (miRNAs) in patients with periodontitis, and they found an increase of miRNAs in the gingival 
crevicular fluid of the periodontitis group in comparison to healthy controls group.24 Also, Poteser et al, in their study 
reported the expression of a “subpopulation of CD133+ adipose tissue-resident” stem cells,25 which had been shown later 
to be significantly lower “(CD133+/KDR+ levels)” in patients with periodontitis compared to healthy patients.26

In the same direction, Azab et al showed a significant increase in the production of “DKK1 mRNA” in chronic 
periodontitis.27 In the same direction, Some glycoprotein (RANKL/OPG ratio) that regulates bone metabolism had been 
also linked with the severity of periodontal disease conditions.28 As it had been showed improvement in periodontal 
condition and reduced DKK1 serum levels after in response to effective nonsurgical periodontal treatment.27

However, a balanced and healthy diet has a protective action on periodontal health. Therefore, adopting an accurate 
lifestyle and healthy diet is essential for healthy periodontal disease.29 Adding to this, patient education regarding the 
importance of good oral hygiene practices and using of fluoridated toothpaste is important.30

Achievement of patient satisfactions is one of the essential parts of dental implant treatment. Patient satisfaction 
varies according to the condition of the patient being served, and it is essential to identify the precise treatment plan for 
each patients.31

Patient satisfaction is a multifactorial concept.9 It is important to understand the elements that affect patient 
satisfaction among dental implant patients to ensure a good dental treatment.3,7 Dentists should know the treatment 
modality for each patient situation32 and should put in mind that the patient’s satisfaction could be jeopardies if he could 
not perform the correct treatment modality.33 Therefore, assessing the factors that may influence patient satisfaction can 
provide a clue regarding the best dental treatment.

However, few studies address the impact of anthropometric factors on patient satisfaction.
Our null hypothesis was that patients with a high BMI would be highly satisfied with their dental implant treatment.
This article was aimed to examine if different anthropometric measurements of dental implant patients had an effect 

on patient satisfaction.
The objective of this study was to (a) to analyse patient’s satisfaction with dental implant treatment, and (b) explore if 

the patient anthropometric measurements had effect on patients satisfaction.
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Materials and Methods
This cross-sectional analytical study was conducted in accordance with the “World Medical Association Declaration of 
Helsinki”. Approval from “the scientific and ethical committee of the Oral Surgery and Periodontology Department, 
College of Dentistry, Al-Mustansiriyah University” was obtained for research “including consent procedure”.

Patients attending a dental implant clinic for routine check-up at the “College of Dentistry, Al- Mustansiriyah 
University, and AL-Karkh General Hospital” were asked to involve in this study.

Inclusion criteria of this study included healthy patients, at least 18 years of age (Age ≥ 18 years), with no active 
periodontal disease or systemic disease, who had previously implant treatment that still in function. Exclusion criteria: 
patients had severe periodontitis, systemic diseases, history of chemotherapy, head and neck radiotherapy, smoking 
history.

The study aim was explained to the patients, and only the patients who participate and gave their consent were 
included in the study. A questionnaire (structured questions) had been given to patients to fill, those questioners were 
focused on satisfaction with implant treatment in terms of overall satisfaction and satisfaction with the doctor, with 
function, aesthetics and phonetics, and with improvement in personal life, psychology makeup and confidence; these 
aspects were included to cover patient perceptions and to identify the exact nature of dissatisfaction. Moreover, patient 
“age, gender, and their education level” were also reported. The responses had been recorded on a “5-point Likert scale, 
with 5=excellent, 4=very good, 3=good, 2=fair and 1=poor”.

Anthropometric Measurements
All measurements were performed by the investigator. Patient weight and height were measured with patients in light 
clothing and bare feet while standing upright with relaxed shoulders. An electronic scale (Beurer GmbH, Sȍfinger, 
Germany) was used to measure body weight to the nearest 100 g.

The BMI (kg per meter squared) was calculated for each patient by dividing the weight [in kg] by the square of height 
[in meters].34

Patients’ waist, hip and neck circumferences were measured using plastic tapes. “Waist circumference was measured 
midway between the lowest rib and the iliac crest” (after the end of a smooth exhalation) when the patient is standing, 
and hip circumference was measured at the largest horizontal location.35 Neck circumference was measured “perpendi-
cular to the long axis of the neck” above the cricothyroid cartilage, immediately below the laryngeal prominence.36

Body fat was calculated using a specific formula that included the patient’s height and waist, hip and neck 
circumferences: http://www.calculator.net/body-fat-calculator.html.

Percentages of body water and muscle were measured using a “special diagnostic scale designed to measure body 
composition (Beurer GmbH, Sȍfinger, Germany)” after entering each patient’s weight, height, age and gender. A specific 
chart [guidance for interpretation of body fat (www.beurer.com)] was used to interpret the results of the percentage of fat 
increase, which was calculated according to each age and gender category.

Statistical analyses were conducted using Excel (Microsoft) and IBM® SPSS® Statistics Version 20. Descriptive 
statistics (means and standard deviations) were used to analyze and interpret the results.

Analysis of variance (ANOVA) was used to assess any significant differences between the selected groups. To test 
multiple comparisons (post hoc multiple comparisons), the least significant difference (LSD) was used to find the precise 
differences between groups. The probability value “(P-value) was considered significant at P< 0.05 and highly significant 
at P< 0.01”.

Results
Twenty-five patients who had previously received dental implant therapy were enrolled in the study. Patient data were 
categorized into four groups according to their BMI value: “BMI< 18.5 kg/m2 (underweight), 18.5–24.99 kg/m2 

(normal), 25–29.99 kg/m2 (overweight) and ≥ 30 kg/m2 (obese)” based on previously reported cutoffs.37 However, no 
patients were categorized as being underweight.
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77.1% of the patients were female, and 22.9% were male. Additionally, 20% of the patients were categorized as 
having normal BMI; 44%, as being overweight; and 36%, as being obese.

Highly significant differences between these groups in all body measurements except patient height were found. For 
neck circumference and waist/hip ratio, a significance difference was observed between the normal weight and obese 
groups only (P< 0.000), while for percentage of muscle, the differences were apparent between the overweight and obese 
groups (P< 0.000) (Table 1).

Overall, patient satisfaction was high, with 74% of the patients evaluating their overall implant treatment as 
excellent and very good, and the rest (26%) providing scores of “good”; none of the patients gave a score of “fair” 
or “weak”.

The obese patient group showed the lowest value for all aspects of patient satisfaction, as seen in Figure 1, which 
presents the percentage of excellent and very good response options for the patient satisfaction constructs.

The means of all aspects of patient satisfaction according to BMI groups can be seen in Table 2. ANOVA of the three 
groups revealed a highly significant difference in many patient satisfaction domains (P< 0.000). These significant 
differences were between the obese group and non-obese groups for most aspects of patient satisfaction, except for 
appearance, in which the normal BMI group differed significantly from the overweight BMI group (P=0.013). 
Additionally, for patient satisfaction with dentist performance and communication, the overweight BMI group showed 
significantly higher satisfaction than the normal BMI group (P=0.019).

The overall correlations of anthropometric measurements with dental implant patient satisfaction can be seen in 
Table 3. Highly significant negative correlations can be seen between body measurements and many elements of patient 
satisfaction, particularly improvements in social life, self-confidence, phonetics, psychology, and chewing ability. In 
contrast, a significant positive correlation was found with satisfaction with prosthesis.

Table 1 Average of Different Patients’ Anthropometric Measurements, Body Composition and 
Age. For All Patients and for Each BMI Group with P values for Differences Between Group 
Means

BMI Groups

Overall Mean Normal Over Weight Obese Sig.

BMI (kg/m2) 28.9±4.7 23.0±1.1 26.9±1.4 33.4±3.1 0.000

Age (yr) 41.93±8.6 34.6±9.2 43.9±6.9 43.5±8.0 0.000

Height (cm) 161.34±7.5 162±8.4 159.9±6.0 162±8.0 0.297

Weight (kg) 75.67±13.8 61.7±8.2 69.4±6.8 87.6±10.5 0.000

Waist circumferential (cm) 94.55±12.5 80.4±7.9 88±3.2 105.3±9.1 0.000

Hip circumferential (cm) 110.37±9.56 99.2±3.3 106.3±3.7 118±8.2 0.000

Neck circumferential (cm) 36.96±2.97 35±4.4 35.9±1.3 38.8±2.4 0.000

Waist/hip ratio 0.856±0.08 0.8±0.1 0.8±0.0 0.9±0.1 0.000

Percentage of body fat 39.37±8.2 29.3±5.3 39.1±3.0 43.4±8.7 0.000

Percentage of fat increase 9.74±6.2 2.9±1.7 7.2±3.0 14.4±5.5 0.000

Percentage of body water 46.52±3.3 50.9±1.4 47.2±1.6 43.8±2.4 0.000

Percentage of muscle 33.03±3.87 37.4±3.6 31.9±2.3 31.9±3.6 0.000

Note: The values represent the mean ± standard deviation. ANOVA was used to compare BMI groups.
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Discussion
This study analysed patient’s satisfaction with dental implant treatment, and explore if the patient anthropometric 
measurements had effect on it. The results showed that the patient satisfaction with dental implant treatment was high, 
with 74% excellent and very good, 26% “good”.
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Figure 1 Percentages of excellent and very good scores for different aspects of patient satisfaction for each BMI group.

Table 2 Average of Different Patients’ Satisfaction Aspects for All Patients and for Each BMI Group with P value for 
Differences Between Group Means

BMI Groups

Overall Mean Normal Over Weight Obese Sig.

Satisfaction with implant treatment 4.08±0.8 4.0±0.6 4.1±0.8 4.1±0.8 0.851

Satisfaction with prosthesis 3.52±0.88 3.0±0.6 3.7±0.8 3.6±1.0 0.003

Satisfaction with doctor performance and communication 4.44±0.6 4.2±0.4 4.6±0.5 4.4±0.8 0.047

Feeling implant is similar to natural teeth 3.56±0.8 3.6±0.5 3.8±0.8 3.3±0.8 0.001

Satisfaction with appearance 3.85±0.9 4.2±0.4 3.7±1.0 3.9±0.9 0.045

Improvement in chewing ability 3.76±0.9 4.0±0.6 4.1±0.7 3.3±0.9 0.000

Satisfaction with phonetic 3.81±0.8 4.0±0.7 4.1±0.7 3.4±0.7 0.000

Improvement of social life 3.59±0.9 3.8±0.4 3.6±1.2 3.4±0.7 0.184

Improvement quality of life 3.68±0.9 4.0±0.7 3.6±1.0 3.6±0.8 0.093

Progress in job 3.27±0.7 3.2±0.8 3.3±0.5 3.3±0.6 0.43

Comfort with dental implant 3.67±0.9 3.8±0.4 3.8±1.1 3.5±0.8 0.168

(Continued)
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However, the obese patient group showed the lowest value for all aspects of patient satisfaction with highly 
significant negative correlations were found between body measurements and many elements of patient satisfaction.

This study indicated that dental implant patients’ satisfaction was associated with body weight, BMI, and other 
anthropometric measures. Lower satisfaction values were found in the obese group than in the normal and overweight 
group.

Satisfaction with improvement in chewing ability was relatively low, as 65.6% of the patients gave scores of 
“excellent” and “very good”; however, when scores of “good” were included, the rate of satisfaction increased to 
91.6%. This rate is in agreement with previous research,38 which they show that about 90% of the treated patients were 
satisfied and pleased with their masticatory function, and with Alam et al, who reported that 95.2% of their patients were 
satisfied with the function of their dental implants.2

Indeed, when we considered “excellent”, “very good” and “good” response options as indicating satisfaction, our 
results were nearly consistent with those of Pjetursson et al, as they found that 72% of patients stated that their implants 
resemble their teeth in masticatory function and that 92% and 83% were satisfied with the pronunciation and aesthetic 
aspects of satisfaction, respectively. These findings are in agreement with our results, in which 100% of patients were 
satisfied with their phonetic results (61.1% when considering only “excellent” and “very good” scores); 91.5% were 
satisfied with the aesthetics; and 92.1% stated that their dental implant was similar to their natural teeth.38 Similarly, 
Alam et al also found that all patients (100%) were satisfied with the appearance of their dental implants.2

Obesity is considered a “public health problem” and has been shown to have an adverse effect on wound healing; it 
has also been associated with adverse post-surgical results such as complications due to infection and delayed healing39 

and increased occurrence of wound complications such as dehiscence, hematoma and pressure ulcers.40 These findings 
indicate that obese patients are more vulnerable and respond differently to trauma, and this sensitivity could explain their 
low satisfaction level with dental implants. Similar results were found by Wee et al, who also reported low levels of 
satisfaction with ambulatory care in obese patients compared to normal-weight patients.41

Obesity affects the immune response, causing more susceptibility to infections.42 Additionally, adipocytes release 
number of inflammatory mediators and initiate a general pro-inflammatory state.43 Obesity has been shown to have an 
effect on dental implants, and studies have identified greater concentrations of IL-1α and IL-1β, which are inflammatory 
cytokines, in peri-implantitis and even in the development of peri-implantitis than in healthy sites [IL-1β is considered 
a “gatekeeper of inflammation”].44 In addition, increases in central obesity are significantly correlated with a high level 
of IL-1β, which is a major proinflammatory cytokine in peri-implant sulcus fluid;45 this increase could explain the lower 
level of satisfaction with mastication in the obese group, as these patients may have subclinical inflammation induced by 
these proinflammatory cytokines that leads to their lower satisfaction.

Additionally, adipose tissue, particularly visceral adipose tissue, secretes adipocytokine substances such as tumor 
necrosis factor-a,46 which can directly affect periodontal tissue and mediates “endotoxin-induced injury” in many organs 
which periodontal tissue one of them; this effect may also enhance the degradation of periodontium.47 A previous study 
showed that the concentration of “tumor necrosis factor-a” in the gingival crevicular fluid positively correlated with BMI 
even in healthy periodontium,48 and many studies have addressed the relation between obesity and periodontics. These 

Table 2 (Continued). 

BMI Groups

Overall Mean Normal Over Weight Obese Sig.

Better occlusion 3.37±1.02 3.4±0.5 3.7±0.8 3.1±1.2 0.005

Improvement of self confidence 3.39±0.9 3.6±0.5 3.7±1.0 3.0±0.6 0.000

Improvement in psychology 3.59±1.2 4.0±0.0 4.0±0.9 3.1±1.5 0.000

Note: The values represent the mean ± standard deviation. ANOVA was used to compare BMI groups.
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Table 3 Correlation Values Showing the Relation Between Patient Satisfactions Aspects and Different Patient Anthropometric Measurements, Body Composition and Age

Percent of Muscle Decrease Age Height Weight BMI Waist Neck Waist/Hip 
Ratio

Percent 
of Fat

Percent of Fat 
Increase

Percentage of Body 
Water

percentage of 
Muscle

Percent of Muscle 
Decrease

Satisfaction with implant treatment 0.054 0.061 0.086 0.081 0.052 −0.069 −0.156 0.307** 0.331** −0.106 0.006 0.363**

Satisfaction with prosthesis 0.27** 0.02 0.20* 0.20* 0.27** 0.30** 0.15 0.195* 0.32** −0.12 −0.09 0.27*

Satisfaction with doctor performance and 
communication

−0.062 −0.31** −0.087 0.103 −0.196* −0.23* −0.39** 0.445** 0.335** −0.28** −0.34** 0.205

Feeling implant is similar to natural teeth −0.116 −0.109 −0.211* −0.168 −0.292** −0.154 −0.313** −0.044 −0.076 0.095 −0.01 0.168

Satisfaction with appearance 0.047 0.054 −0.033 −0.051 0.012 0.213* 0.03 0.051 0.085 0.042 0.141 0.455**

Improvement in chewing ability −0.01 −0.083 −0.35** −0.35** −0.3** −0.24** −0.30** 0.062 −0.035 0.219* 0.059 0.143

Satisfaction with phonetic 0.021 −0.066 −0.03** −0.32** −0.35** −0.21* −0.32** −0.127 −0.162 0.139 0.002 −0.006

Improvement of social life −0.093 −0.046 −0.19* −0.18* −0.24** −0.091 −0.27** 0.017 −0.025 0.023 0.051 0.277*

Improvement quality of life −0.167 −0.136 −0.19* −0.125 −0.173 −0.172 −0.21* 0.007 0.034 0.044 0.001 0.297**

Progress in job 0.608** −0.185 −0.093 −0.004 0.065 0.115 0.156 0.18 0.132 −0.195* −0.178 0.43**

Comfort with dental implant −0.167 −0.053 −0.121 −0.115 −0.28** −0.23* −0.38** 0.115 0.036 0.061 −0.04 0.431**

Better occlusion 0.347** −0.38** −0.38** −0.213* −0.209* −0.38** −0.147 0.171 0.078 0.063 −0.173 −0.37**

Improvement of self confidence 0.013 −0.15 −0.36** −0.32** −0.39** −0.36** −0.169 −0.175 −0.25** 0.328** 0.132 −0.32**

Improvement in psychology 0.211* −0.28** −0.39** −0.28** −0.32** −0.46** −0.29** 0.044 −0.037 0.164 −0.116 −0.5**

Note: *Significant correlation; **Highly significant correlation.
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findings can also be applied to peri-implantitis, as peri-implantitis and periodontitis are comparable in etiology, microbial 
flora, diagnosis, and therapy.49

In our study, 92% of the patients were satisfied with their doctor’s performance and communication. Patients 
evaluated their dentist’s skills and quality of treatment according to their personal interactions, degree of comfort, and 
dentist’s post-treatment sympathy; these experiences included periods before, during and after treatment.50 Although 
dentist’s competence is important for patients51 but human communication is still appreciated.52

A relationship between obesity and adverse social communication, depression, body dissatisfaction, self-esteem, 
reduced levels of optimism and less satisfaction with life has been observed.53 These findings are in accordance with our 
results, which showed a significant difference between groups in satisfaction level with different psychological aspects 
(self-respect, social life and psychology).

However, highly significant differences were found between groups regarding satisfaction with improvement in 
chewing ability, and this finding could be explained by the fact that obese patients have a larger bite size, bite speed, and 
eating rate, which are positively correlated with obesity and greater body size.54 In addition, maximum occlusal bite is 
positively correlated with patient weight and height,55 and oral vestibules experience greater pressure on the chewing 
side than on the non-chewing side.56 These findings indicate that dental implants in obese patients may be subjected to 
a greater load, and as these patients are more susceptible to increased occurrence of pressure ulcers,40 they may be more 
vulnerable and susceptible to considerable discomfort in mastication with dental implants.

Additionally, Al-Omiri et al found greater maximum occlusal bite on the dental side with teeth than on the other side 
with a prosthesis supported by dental implant (P< 0.05); this finding could explain why most of the anthropometric 
measurements in the current study were correlated negatively with patient satisfaction in terms of occlusion and chewing 
ability, as these patients believed that their chewing ability would return to its previous strength, and they were less 
satisfied when they found that their occlusal force with implant-supported prosthesis was lower than when they had 
natural teeth.55 Although Said et al found a significant increase in patients’ satisfaction with prosthesis supported by 
dental implant than in prosthesis without implant support, and they also found improvement in masticatory activity and 
masseter muscle action, but this beneficial effect occurred only on the mandibulectomy side, not on the normal mandible 
side.57

Certain limitations are found in the current study in which the implant position in the oral cavity was not fixed for all 
patients neither the number of implants. Adding to this the relatively small number of patients.

Future research that address the limitation in the current study will be valuable for getting further information, the 
study could be designed as a standardize split mouth study that fix the implant position, number of implant and prosthesis 
type for each body mass group.

Conclusions
The obese group patients had the lowest rate of patient satisfaction. BMI and other body measurements can be used to 
predict patient satisfaction with the outcome of dental implant treatment.

Patients satisfaction about improvements in their social life, self-confidence, phonetics, psychology, and chewing 
ability, correlated negatively with body measurements.

Positive correlation was found between body measurements and satisfaction with prosthesis.
Obese patients need more attention regarding their treatment with dental implants, and critical analyses of their needs 

should be made before treatment to achieve the best satisfaction level.

Key Messages
Gaining patient satisfactions is an important part in successful dental implant treatment. Patient satisfaction differs 
depending on the nature of the patient being served, and it is important to know the specific management plan for each 
patient’s situation.
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