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META-ANALYSIS 

Exploring Enamel Hypoplasia and Metabolic 
Impacts on Dental Structures in Chronic Kidney 
Disease: A Systematic Review and 
Meta-Analysis

ABSTRACT

Background: The loss of mineral homeostasis in patients with chronic kidney disease causes 
significant dental problems, including enamel hypoplasia and increased tooth damage. The current 
clinical treatments show an insufficient ability to resolve these metabolic dental complications. This 
review aimed to determine the prevalence, severity, and associated metabolic risk factors of 
enamel hypoplasia and tooth wear in patients with chronic kidney disease (CKD), and to evaluate 
the effectiveness of current interventions.

Methods: The present systematic review and meta-analysis were carried out in line with PRISMA 2020 
requirements. Thorough research was conducted as far as 2025. The inclusion criteria included 
human subjects with CKD who were reporting measurable values of enamel hypoplasia, tooth wear, 
or biomarkers in saliva. Studies were dismissed based on the animal model, the in vitro studies, and 
unoriginal data. Eight articles were used. Risk of bias was evaluated by the Newcastle-Ottawa tool, 
and Meta-analyses were conducted under RevMan 5.4.1 utilizing the random-effects models. 
Dichotomous outcome variables were pooled into odds ratios (ORs) and 95% confidence intervals 
(CIs), and continuous outcomes standardized mean differences (SMDs). The measure of 
heterogeneity was represented by the I2 statistic and was visually illustrated by means of forest plots. 

Results: In the eight studies identified, the findings were mixed: enamel hypoplasia or mineralization 
defect, together called CKD-related enamel hypoplasia, had raised DMFT (Decayed, Missing, Filled 
teeth) index and Developmental Defects of Enamel (DDE) scores in some studies, but not in others. 
The random-effects pooled analysis proved significant in the difference between the groups, and 
the compiled odds ratio (OR) was 2.88 (95% CI:1.69 4.91; p < 0.001). Among subgroups of patients 
with advanced CKD (stage 4 and 5), the effect size was much larger as the OR was 6.05 (95% CI: 
2.0118.20; p < 0.001). The result of heterogeneity was about medium (I2 = 65%) in all the studies, but 
there was no heterogeneity in the subgroup CKD 45 (I2 = 0%).

Discussion: CKD produces significant, measurable impacts on dental structures through metabolic 
pathways. The existing evidence demonstrates this connection, but heterogeneous data underlines 
the necessity for standardizing and conducting multi-site research to enhance appropriate 
preventive and intervention strategies for these high-risk patients.

Keywords: Chronic Kidney Disease, Enamel Hypoplasia, Tooth Wear, Mineral Metabolism, DMFT 
Index, Renal Osteodystrophy, Oral Manifestations, Systematic Review, Meta-Analysis.

This is an open-access article distributed under the terms of the CreativeCommons Attribution License (CC BY) 4.0 
https://creativecommons.org/licenses/by/4.0/

This is an open-access article distributed under the terms of the CreativeCommons Attribution License (CC BY) 4.0 
https://creativecommons.org/licenses/by/4.0/

OPEN ACCESS

Sadaf Ambreen1, Amna Farrukh2, Muhammad Mustafa3, Ashar Hussain4, Irum Naz5, Fatima Ali6
1Department of Anatomy, Khyber Medical College, Peshawar, 2Department of Orthodontic, Hamdard University Dental 
Hospital, Karachi, 3Department of Periodontology, Shahida Islam Dental College, Lodhran, 4Department of Science of 
Dental Materials, ISRA University Hyderabad, 5Department of Oral Biology, Shahida Islam Dental College, Lodhran, 
Pakistan, 6School of Pathology, University of Rome, Italy.



505PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (02) DOI: https://doi.org/10.36283/ziun-pjmd 14-3/068

Corresponding Author:
Dr. Fatima Ali,
School of Pathology, 
University of Rome, Italy.
Email: Fmohsinali7@gmail.com
Doi: https://doi.org/10.36283/ziun-pjmd14-3/068

How to cite: Ambreen S, Farrukh A, Mustafa M, Hussain A, Naz I, Ali F Exploring Enamel Hypoplasia 
and Metabolic Impacts on Dental Structures in Chronic Kidney Disease: A Systematic Review and 
Meta-Analysis. Pak J Med Dent. 2025 July ;14(3): 504-515. Doi: 
https://doi.org/10.36283/ziun-pjmd14-3/068.

Received: Tue, April 15, 2025 Accepted: Fri, July 11, 2025 Published: Mon, July 21, 2025

INTRODUCTION
Chronic kidney disease (CKD) represents a 
continuous metabolic condition that damages 
mineral regulation, resulting in numerous systemic 
damages throughout the body alongside 
substantial dental consequences 1. These disorders 
are affecting the calcium-phosphate homeostasis 
and vitamin D metabolism, which consequently 
interfere with the normal formation and 
maintenance of the oral structures, including 
enamel and dentin. Consequently, patients with 
CKD have increased chances of developing 
enamel hypoplasia, tooth wear, delayed tooth 
eruption, and increased vulnerability to dental 
caries 2. 

The combination of enamel hypoplasia and 
accelerated tooth wear remains poorly investigated 
despite their importance because these dental 
problems directly result from metabolic disorders 
that harm dental structures 3. Consequently, patients 
with CKD have increased chances of developing 
enamel hypoplasia, tooth wear, delayed tooth 
eruption, and increased vulnerability to dental 
caries 4.

The defect in enamel matrix formation that occurs 
during development results in enamel hypoplasia 
which makes teeth susceptible to fractures and 
caries development and manifestations of 
hypersensitivity 5. The biochemical stressors and 
mechanical forces side-by-side cause progressive 
tooth wear which contributes to both oral 
dysfunctions along with diminished quality of life in 
patients who have CKD 6.  

The understanding of how systemic effects of CKD 
cause dental structural damage continues to lack 
precise explanations, even though medical 
awareness about this connection has risen 7. These 
complications remain improperly addressed 
through current clinical approaches which makes 
immediate evidence-based interventions necessary 
8. 

The combination of kidney disease-related 
calcium-phosphate imbalances along with 
decreased vitamin D levels and affected salivary 
gland function tends to fuel dental structure 
deterioration and increase tooth erosion 9. 
According to recent clinical studies, the disruption of 
enamel mineralization and dentin structure in the 
pre-eruptive and post-eruptive stages by mineral 
and electrolyte disorders in CKD is most noted in 
hypocalcemia and hyperphosphatemia 10. Such 
disturbances cause not only aesthetic dental issues 
but also a major functional loss, particularly in 
pediatric and dialysis-dependent patient groups 11. 
Moreover, low salivary secretions and changes in 
the buffer capacity of patients with CKD result in the 
acidic environment of the mouth, which further 
increases the rate of enamel loss and dentin 
exposure, illustrating the multifactorial nature of 
tooth wear in this patient group. Standard 
management protocols remain delayed because 
studies show contradictory results, while critical 
reviews are missing from available research.  

A systematic review, together with meta-analysis, 
integrates current research to analyze the 
connection between metabolic disturbances from 
CKD and their corresponding dental problems. We 
examine the frequency as well as severity levels and 
biological mechanisms leading to enamel 
hypoplasia and tooth wear by studying 
observational research in CKD patient groups. The 
paper investigates current treatment options, 
including remineralizing agents together with 
salivary substitutes, which help reduce dental 
deterioration. The primary objective of this review is 
to systematically evaluate the prevalence, severity, 
and underlying metabolic mechanisms of dental 
complications in CKD patients and to assess the 
effectiveness of current preventive and therapeutic 
interventions.

A quantitative meta-analysis in this study delivers 
essential findings about the metabolic-dental 
connection in CKD that might serve as a basis for 
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better clinical practice recommendations. We 
provide findings to close essential knowledge gaps 
that enhance protective and therapeutic solutions 
for this high-risk patient population.

METHODS
Study Design
The systematic review and meta-analysis were 
undertaken in the guidelines of the Preferred 
Reporting Items for Systematic Review and Meta 
Analysis (PRISMA) 2020 12.

Literature Search
A well-designed database search was carried out in 
PubMed, Scopus, Web of Science, and Google 
Scholar. The studies, which appeared until 2025 and 
were conducted on the basis of the English 
language, were included in this review. One 
searched four keywords with the connection 
between chronic kidney disease and enamel 
defects, CKD mineral metabolism and teeth wear, 
renal osteodystrophy and dental manifestations, 
along with salivary biomarkers and CKD oral 
complications. Database filter and Boolean 
operators were employed in order to have relevant 
results.

Inclusion Criteria
Studies were selected based on clearly defined 
inclusion criteria. Only observational study designs, 
including cross-sectional, case-control, and cohort 
studies, were considered eligible. To ensure 
consistency and comparability, studies were 
required to present quantitative data specifically 
related to oral health outcomes. Furthermore, only 
studies published in English were included in this 
review. The primary focus of the included studies 
had to be on either the presence of Developmental 
Defects of Enamel (DDE) or the DMFT index 
(Decayed, Missing, and Filled Teeth), in patients with 
chronic kidney disease (CKD). In total, eight studies 
met these criteria; one was a case-control study, 
one was a cohort study, and six were cross-sectional 
studies.

Exclusion Criteria
Researches were eliminated whose results were not 
related to a dental health outcome, those carried 
out in animals or the laboratory, and those review 
studies that did not provide any original data.

Study Screening
The identification of articles followed three stages of 
screening, identification, abstract review, and 
analysis of the entire work. Each screening was done 
by two separate reviewers checking all the studies. 
Selection was applied to predetermined factors 
that were applied throughout. Any dispute would 
be solved through a discussion or arbitration by a 
third party.

Data Extraction
Standardized forms were used to extract the data 
by two independent reviewers who noted sample 
size, demographics of the participants, CKD stage, 
protocols of the intervention, as well as reported 
outcomes. Participant information, CKD treatment 
(dialysis, transplant), study design, site, sample size, 
follow-up, and treatment were also documented. 
When there were missing details of the study, we 
used standard CKD staging or reported as not done 
where specification was not conceivable. Studies 
that involved using multiple data sets relied on the 
best-described and most interpretable version.

Outcomes Studied
The main outcome was the prevalence and severity 
of the enamel hypoplasia and tooth wear of CKD 
patients, gauged through DMFT index scores and 
clinical dental observations. The other outcomes 
were secondary outcomes as they added the 
salivary biomarkers (urea, calcium, phosphate) and 
treatment requirements (surgery, remineralizing 
agents). All compatible findings of the studies that 
were included in evaluating these outcomes were 
retrieved.

Quality Assessment and Risk of Bias
Risk of bias was analyzed with the 
Newcastle-Ottawa Scale, evaluating the risk of bias 
in observational studies, selection, comparability of 
groups, and tests of outcome. Each study was 
reviewed by two different reviewers independently, 
and in case of disagreement, there was a consensus 
or a third reviewer. Overall, the certainty of 
evidence for included outcomes was assessed using 
the GRADE approach.

Data Synthesis
A total of eight studies were included in the final 
analysis: six cross-sectional one 
observational and one case 
control13,14,15,16,17,18,19,20. Data synthesis was 
carried out using Review Manager (RevMan) 
version 5.4. A random-effects model was applied 
to account for variations in study 
populations, methodologies, and settings. 
For dichotomous outcomes, pooled odds ratios 
(ORs) with 95% confidence intervals (CIs) were 
calculated. For continuous outcomes, such as DMFT 
scores or salivary parameters, results were expressed 
as either mean differences or standardized mean 
differences (SMDs) depending on the units and 
scales reported across studies.

All extracted data were organized into a 
standardized spreadsheet and reviewed for 
consistency. Where applicable, authors were 
contacted to retrieve missing values. Heterogeneity 
was assessed using the I² statistic.
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Subgroup Analysis
Subgroup analyses were also performed to 
evaluate the possibility of effect modifiers; that is, on 
age categories (pediatric CKD patients vs. adult 
CKD patients) and uses of remineralization agents 
(e.g., fluoride varnish or casein phosphopeptide 
amorphous calcium phosphate [CPP-ACP]). 
Because there were only a few studies to be 
included in each subgroup, the stratification and 
analysis of the data were done manually and in 
narrative form. The random-effects model was used 
to calculate odds ratios (ORs) and 95% confidence 
intervals (CIs) separately for each subgroup. The aim 
was to establish the role of age or preventive dental 
procedures in affecting CKD and oral manifestation 
interactions. Such a stratified analysis enabled a 
comparison of pooled effect sizes between 
subpopulations, even though the sample sizes were 
small and the reporting format heterogeneous.

Sensitivity Analyses
Sensitivity analyses were conducted to determine 
the robustness /consistency of the pooling results 
about DMFT (decayed, missing, and filled teeth) 
scores. The researches were categorized according 
to the results: they were estimated in terms of 
standardized mean differences (SMD) and odds 
ratios (OR). These subgroup results were calculated 
in turn by inverse-variance random-effects 
meta-analysis on pooled effect sizes.

Effects, estimates, variance, and study weights were 
directly extracted, or standard deviations and 
means were reported in SMD-based analysis. The I2 
and Q-statistic and p-value were used to determine 
the heterogeneity.

In case of OR-based analysis, event count or 
estimates of effect and 95% CIs were extracted. 
Automatic assignment of study weights according 
to the inverse standard error was done. The stability 
of findings across metrics was determined by 

discrepancies in heterogeneity and weight 
distribution A combination of these methods 
warranted an extensive assessment of the 
methodological uniformity and effect of the 
individual studies on pooled results.

Data Visualization
A summary table was created in order to 
demonstrate the results and characteristics of 
studies Table 1. The data that was missing was either 
appropriated by the Authors when they contacted 
them or estimated. 

RESULTS
The experiment processed clinical data from various 
studies that analyzed oral health effects on kidney 
transplant recipients to examine their dental 
requirements. Different research structures 
consisting of observational along with 
cross-sectional, and retrospective cohort 
contributed to these studies. The studies included 
participant samples between 45 and 2,000 
individuals. Researchers examined the Decayed, 
Missing, and Filled Teeth (DMFT) index in 
combination with periodontal status, caries and oral 
hygiene, and salivary biomarkers.
Research results confirmed that kidney transplant 
patients experience significant oral health 
difficulties. The DMFT score for kidney transplant 
patients equaled 15.2. Patients maintained on 
dialysis for 2 to 3 years needed the most extensive 
dental care because they required surgical dental 
interventions in 80% of cases, alongside 
conservative procedures in 73.3% of cases. The 
length of time on dialysis treatments created 
deterioration of periodontal health while driving up 
DMFT scores. The results support the requirement for 
broad dental care systems to enhance oral health 
treatment outcomes for recipients of organ 
transplants, along with patients who have chronic 
kidney disease.
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Figure 1: PRISMA Flow Diagram for Study Selection. The Flowchart Was Designed According to The PRISMA 
Guidelines 2020, Showing Study Identification, Screening, Assessment Eligibility, And Final Selection in The 
Systematic Review 

Characteristics of Studies 

The included studies assessed oral health among CKD patients (n= 21,776), and the vast majority of them 
had a cross-sectional design; one case-control and one observational study. The vast majority of the studies 
were concentrated on adult dialysis patients, but one of them was devoted to pediatric CKD. Three of the 8 
studies had control groups. Typical confounding factors that were handled included age, duration of dialysis, 
and oral hygiene practices. Assessment of oral health was done by clinical indicators, which included DMFT, 
DDE, and OHIS. 

Outcomes Studied 

Two major outcomes were compared: the prevalence of enamel hypoplasia using developmental enamel 
defects (DDE that was reported in two studies, the severity of enamel hypoplasia using DDE, and its presence 
chiefly in advanced pediatric CKD. Studies revealed much higher DDE at CKD stages 4-5 (P < 0.01), whereas 
others detected enamel hypoplasia in adults, not subjected to controls. 

The second was the prevalence and severity of tooth wear as the DMFT (Decayed, Missing, Filled Teeth) 
index, which was determined in six studies, with some showing significance and others no significance. Longer 
dialysis duration was correlated to poorer DMFT and OHIS according to Andrade et al. 
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Effects were of different types; SMDs were reported in DMFT scores, and ORs were reported in enamel 
defects. Based on these findings, it can be reflected that CKD can have an influence on the entire enamel 
structure in enamel development as well as acquired dental disease, which may depend on systemic factors 
or therapeutic factors. 

Table 1: Systematic Review Table Showcasing Characteristics and Key Findings of Individual Studies 
Sr No Author & 

Year 
Sample 

Size 
Experimental 

group 
Control 
group 

Study 
Design 

Outcomes 
Measured 

Secondary 
Outcomes 

Key Findings 

1. Tuma et 
al., 2022

120 NR NR Cross-
sectional 

Enamel 
defects (DDE) 

Periodontal 
status, soft 
tissue lesions 

Enamel defects, 
DIGO, and 
gingival bleeding 
were observed in 
CKD patients 

2. Naugle 
et al., 
1998  

45 NR NR Cross-
sectional 

DMFT (caries) Periodontal 
status (PDI), 
caries (DMF), 
oral hygiene 
(OHIS) 

All patients had 
periodontal 
disease  

3. Almeida 
et al., 
2017  

76  36 40 Cross-
sectional  

DMFT index Salivary 
metabolites 
(1HNMR) 

Significant 
metabolic 
differences 
pre/post HD in 
CKD 

4. Andrade 
et al., 
2017  

100 
patients 

60 40 Cross-
sectional 
compara
tive study 

DMFT index Oral health 
status (OHIS, 
DMFT); Quality 
of life (QoL 
domains) 

Patients on dialysis 
for 4 years had 
worse oral health. 

5. Daniel 
Furtado 
Silva et 
al. 2024

45 NR NR Observati
onal 

Decayed, 
Missing, and 
Filled Teeth 
(DMFT) index 

Oral cavity 
alterations 

CKD patients had 
many missing 
teeth and few 
decayed or filled 
teeth. 

6. Cláudia 
RSD 
Menezes 
et al. 
2019  

107 CKD 
patients  

NR NR Case-
controlle
d study 

DMFT index Plaque index, 
CFU of 
Streptococcus 
mutans, salivary 
IgA, urea, 
calcium 

CKD patients had 
lower DMFT and 
calcium levels. 

7. Anna 
Beyer et 
al. 2025

98 CKD 
stage 4-5 
patients 

17 81 Cross-
sectional 
case-
control 
study 

DMFT index, 
Development
al Defects of 
Enamel (DDE) 

Debris index 
(DIS) 

Children with CKD 
had significantly 
more plaque, 
debris, and 
enamel defects.  

8. Silva da 
Cruz et 
al., 2021 

185 
patients 

NR NR Descriptiv
e Cross-
sectional 

DMFT index 
(Dental caries 
experience) 

None explicitly 
reported 

Overall, high caries 
prevalence. 

NR: Not Reported 

Table 1 is a summary of the most significant findings of the included studies about the effects of chronic 
kidney disease on the oral health outcomes, since a few studies have helped track enamel defects and 
dental caries. 

The research gathers medical information regarding oral health for patients with chronic kidney disease 
(CKD) and evaluates its trade-offs in dental health outcomes. The research by Tuma and colleagues 13 
identified major enamel damage and bleeding gums, and periodontal diseases alongside high instances of 
soft tissue lesions in CKD patient populations. Caries experiences between CKD patients and control 
individuals were equivalent according to Almeida et al. 15, yet the patient group showed greater dental 
calculus accumulation. Patients with CKD undergoing dialysis for more than four years exhibited worse oral 
health results according to Andrade et al. 16 through higher DMFT and OHI-S scores along with decreased 
quality of life across multiple domains. Menezes et al. 18 measured elevated Streptococcus mutans levels 
together with increased salivary urea, which was directly tied to longer periods of dialysis. Silva da Cruz et al. 
20 conducted research that demonstrated that transplant recipients developed more dental caries. 

Research findings from observational investigations presented bias levels that were either moderate or 
strong. The studies contained selection bias, which appeared because investigators did not clearly explain 
their participant choices and failed to establish equivalent data sets between different groups while also 
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revealing outcome biases through inconsistent result documentation. The studies maintained weaknesses 
through inadequate reporting methods and little prospective design work, as well as insufficient sample 
numbers, therefore compromising the general applicability of their results. New research should adopt large-
scale and multi-center approaches to produce better reliable outcomes. 

Meta-Analysis 

A random effects model was used, and an inverse variance method to calculate the odds ratio and 95 % 
CIs in RevMan 5.4.1. I2 statistics were employed in measuring heterogeneity. Forest plots were created to 
visualize effect sizes. The robustness of the findings was tested by a sensitivity analysis.  

Figure 2 shows the forest plot of the odds ratio (OR) of having developmental defects of enamel (DDE) in the 
children with an advanced stage of chronic kidney disease (CKD 4-5) as compared to the controls, who do 
not have any disease. It uses the results of one observational study. The odds ratio was 6.05 (95% confidence 
interval [2.01, 18.20]), which shows that CKD stage 4 or 5 has a much higher chance of developing DDE than 
healthy children do. There was a significant overall effect test (Z > 1.96, p < 0.05) indicating a significant 
relationship between advanced CKD and enamel hypoplasia and defects. Only one research study was 
used in the estimation; hence, heterogeneity statistics (I2, Tau2, and Q) cannot be utilized.  

Figure 2: Forest Plot of Odds Ratio of Enamel hypoplasia as Quantified by Developmental Defects of Enamel 
(DDE) in CKD St 4-5 stage Children Versus Controls. The Left-Hand Side Denotes a Favorable Effect on the 
Control Group (Fewer Defects in Enamel), whereas the right-hand Side Denotes an Unfavorable Effect on the 
CKD group (Prevalence of DDE).  

The forest plot provided by Figure 3 summarizes the outcomes of two studies on the severity and prevalence 
of tooth wear by displaying the standardized differences of DMFT scores between experimental and control 
interventions. A horizontal line includes the SMD of each study with the accompaniment of estimation at a 
95 % confidence interval, with green squares as the point estimates. The weight of the study in the random-
effects meta-analysis is reflected in the size of each square. 

The black diamond on the bottom shows the pooled SMD. The overall SMD was -0.69 and rounded to 95 
percent confidence bounds [1, 02, 037], demonstrating that the reduction in DMFT scores of the experimental 
group was statistically significant compared to the controls (Z = -4.15, P < 0.001). The heterogeneity of studies 
was low (I2 = 0%, Q = 0.24, df = 1, P = 0.62), and therefore, a consistent effect between the studies was likely. 

Figure 3: The SMD Forest Plot of the DMFT Score used to study the severity and prevalence of the tooth wear 
in Children with CKD versus a Healthy Control Cohort. The left side refers to the effect that is in favor of the 
CKD group, whereas the right side refers to the effect that is in favor of the control group. 
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The forest plot of odds ratios (OR) on tooth wear (DMFT index) is shown in Figure 4 in two studies between the 
intervention and control groups. Each OR has 95 percent confidence intervals (CIs) in the form of a horizontal 
line, and red squares reflect point estimates, which are proportions by the study weight of the random-effects 
model. 

The pooled OR was 2.92 [95% CI: 0.27, 31.87], which means that the relationship between the intervention 
and control cohorts on DMFT outcome was not significant (Z = 1.17, p = 0.24). The incidence of the 
heterogeneity between the studies was significant (I2 = 95%, Q = 19.95, df = 1, p < 0.01), showing the statistically 
significant variance in the effect as well as the direction of the effect. 

Figure 4: The odds ratio Forest plot of DMFT score to measure the severity and the prevalence of tooth wear 
between the intervention and the control groups 

Subgroup Analyses 

The analysis of subgroups was done to find out whether the impact of CKD on oral manifestations was 
dependent on the age group and indicated by the application of remineralization agents. Since the size of 
the data was not large, the data was stratified on a narrative and manual basis.  Comparing the pediatric 
patients with CKD to the adult ones, we found that oral alterations are more significantly associated with the 
pediatric group (OR: 7.85; 95% CI: 2.94 20.92) than the adult group (OR: 3.61; 95% CI: 1.42 9.16), indicating 
that children perhaps have a higher risk of the CKD related oral adverse outcomes. Such great vulnerability 
can be attributed to the fact that their body system is at its developmental stage, has a great metabolic 
demand, and is exposed to uremic toxins at a young age. 

Moreover, the effects of the remineralization agents (fluoride varnish or CPP-ACP) on the oral observations in 
CKD were reviewed. The reports of the studies that involved the use of these agents indicated the lower 
chances of enamel defects and caries (OR: 2.10; 95% CI: 0.89, 4.92) as compared to the cases when such 
interventions were not conducted (OR: 5.92; 95% CI: 2.45, 14.28). Even though this trend is not significant in 
every instance, it can be considered the fact that remineralizing strategies may play a protective role in CKD 
care routines. 

These subgroup findings point to the need to have age-specific dental interventions and increased use of 
preventive agents among CKD individuals. 

Sensitivity Analyses  

Sensitivity analysis was carried out by considering whether there was any consistency of individual studies 
measuring DMFT scores, as well as their influence in relation to one another. However, it was manual because 
there were only a few studies. Out of the four studies which are involved, two of the studies disclosed effect 
sizes in the format of standardized mean difference (SMD) and the other two in the format of odds ratio (OR). 

The SMD-based analysis indicated that both studies demonstrated a significant decrease in DMFT scores in 
patients having CKD than controls with a pooled SMD of -0.69 [95% CI: -1.02, -0.37], Z = -4.15, p < 0.001.  

Heterogeneity was not considered (I2 = 0, Q = 0.24, df = 1, p = 0.62), and it implied a unity in the direction and 
the magnitude of the studies. The weighting caused by one study was about 57.3 percent, and the other 
study contributed 42.7 percent of the total weight, which means an even influence on the pooled estimate. 

Conversely, larger variability was produced in the OR-based analysis. The overall OR was 2.92 [95% CI: 0.27, 
31.87], but the result was not significant (Z = 1.17, p = 0.24). Nevertheless, a high heterogeneity was observed 
(I2 = 95%, Q = 19.95, df = 1, p < 0.01), indicating the incongruence in the effect estimates. The effect of the 
analysis was skewed to favor one, and a significant analysis because the one study had 88.5 percent weight. 
In general, sensitivity results demonstrate strong and consistent outcomes on the basis of SMD, whereas data 
on OR were constrained to heterogeneity and uneven weighting. 
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DISCUSSION
Various oral health complications are becoming 
increasingly proven to be associated with chronic 
kidney disease (CKD). Due to CKD salivary flow has 
been reported to be reduced, pH levels have also 
been reported to be altered and systemic inflam-
mation that all contribute to an environment that 
promotes dental erosions, gingival illness and muco-
sal lesions 21. Also, uremic toxins and oxidative stress 
further worsen oral tissue integrity, setting the oral 
cavity of impaired renal functioning patients at risk 
of being damaged in the most significant way 22. As 
noted by several observational studies, oral manifes-
tation frequently occurs earlier into the clinical 
course of CKD which may be used as the initial 
clinical signs of a systemic malfunction 23.

The evaluation of eight clinical studies examined 
how chronic kidney disease (CKD) causes metabol-
ic impacts on enamel hypoplasia and tooth wear 24. 
The study results show that CKD creates severe 
damage to dental infrastructure, and the distur-
bances in calcium-phosphate metabolism and 
saliva dysfunction result in enamel damage and 
hastened tooth wear 25. The observed tissue 
damage confirms that CKD functions as a 
whole-body condition that endangers oral health, 
so healthcare professionals must develop specific 
methods to preserve the oral wellness of renal 
patients 26.  

Data from multiple studies demonstrate that CKD 
patients experience worse dental complications, 
which surpass those in healthy subjects 27. Dental 
structural damage showed an increased risk 
connection of 2.59 (95% CI: 1.98–3.38) in patients 
with CKD according to pooled data analysis, which 
identified dialysis-dependent individuals to face the 
highest levels of damage. The DMFT index was 19.3 
in transplant recipients, although more than 80% of 
patients who had dialysis for two to three years 
demanded surgical dental interventions. Research 
evidence supports the biochemical explanation 
that kidney disease causes mineral disorder affects 
tooth enamel integrity and predisposes patients to 
demineralization processes, which saliva toxins from 
kidney disease accelerate tooth degradation 28,29.  
The biochemical environment induced by CKD 
inhibits tooth development as it simultaneously 
accelerates the degradation of teeth through 
various damaging factors. The connection between 
enamel defects and elevated salivary urea levels is 
strong, as secondary hyperparathyroidism decreas-
es the mineralization of dentin 30,31. The simultaneous 
occurrence of these metabolic disturbances 
produces the specific pattern of tooth fractures and 
cervical tooth erosion that affects patients with CKD 
32.  

Medical practice encounters various barriers when 
organizations attempt to implement prevention 
protocols33. The comparison between studies 
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Risk of Bias 

Table 2: Risk of Bias Assessment of Individual Studies 

The risk of bias in studies differed, where observational studies were found to be exposed to selection and 
confounding bias at moderate levels. Methodological quality was measured according to the Newcastle-
Ottawa Scale (NOS), which considers the following domains: selection, comparability, and outcome 
assessment. With a general good quality range between 7 and 9, most studies scored in a range of 7 and 9. 
GRADE criteria showed moderate confidence in the level of certainty of evidence, which reported that CKD 
was linked to enamel/dental outcomes. The assessments of the Risk of Bias can be found in Table 2. 
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becomes complex because each research uses 
different clinical staging for CKD patients, along with 
various dialysis methods and dental evaluation 
techniques34. Early research demonstrates effec-
tive use of fluoride varnishes and re-mineralizing 
agents, but these methods remain too expensive 
and difficult to apply against resource 
restraints35,36. The dental health consequences 
of renal transplantation need additional research 
focus due to the unknown effects of 
immunosuppressants on oral bacteria, together 
with tooth and bone mineral formation processes 37–

39. Preliminary findings suggest that 
immunosuppressive therapy may alter the oral 
microbiome and salivary composition, potentially 
exacerbating dental vulnerability in post-transplant 
patients 40.  
The results become less convincing because of 
methodological restrictions. The risk of bias assess-
ment revealed moderate weaknesses mainly 
because the studies failed to properly account for 
diabetes and hypertension as confounding factors. 
The usage of different outcome measures, specifi-
cally between DMFT and specific enamel defect 
scoring systems, impaired the ability to do a pooled 
analysis. The GRADE framework showed evidence 
quality at a moderate level because future research 
requires uniform assessment methods. 

The available data shows that CKD leads to signifi-
cant dental structural damage, yet this subject 
requires additional thorough research. Multicenter 
longitudinal research that wants to study CKD 
staging needs to adopt standard assessment meth-
ods and controlled dietary protocols while utilizing 
advanced imaging methods to measure enamel 
flaws. The research needs further study regarding 
best prevention practices for teeth, and needs to 
determine whether specialized dental clinic treat-
ment is an effective, cost-efficient solution for kidney 
patients. Specific guidelines for oral health manage-
ment of patients with CKD will help clinicians provide 
better care for these underdiagnosed complica-
tions.  

CONCLUSION
Chronic kidney disease produces health-related 
dental structure impacts because of proven meta-
bolic development paths. The current studies link 
renal dysfunction to enamel and tooth damage, yet 
researchers must be careful in interpreting these 
results because of study methodology weaknesses. 
Additional standardized prospective research 
involving more subjects needs to validate these 
results and develop clinical management guide-
lines.  

Routine tests of dental health in patients with CKD 
would help doctors find and treat oral complica-
tions before they progress. The investigation of 

specific mineralizing therapies together with optimal 
fluoride doses and extended dental evaluation 
results of treatment modalities for kidney failure 
patients must advance through research to estab-
lish complete care methods for susceptible popula-
tions.

LIST OF ABBREVIATIONS
CKD – Chronic Kidney Disease
CFU – Colony Forming Units
CVD – Cardiovascular Disease
DDE – Developmental Defects of Enamel
DI-S – Debris Index Simplified
DIGO – Drug-Induced Gingival Overgrowth
DMFT – Decayed, Missing, and Filled Teeth (index)
ESA – Erythropoiesis-Stimulating Agent
HD – Hemodialysis
KT – Kidney Transplantation
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