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1) Pediatric CKD & the mouth

Common clinical findings

e Xerostomia, pale mucosa, coated tongue,
fissured lips, uremic/“ammoniacal” odor;
petechiae from platelet dysfunction/uremia.
Prevalence of pale mucosa (=81%), uremic
odor (=78%), and xerostomia (=70%) has been
reported in dialysis cohorts. Lippincott

Journals
e Uremic stomatitis/glossitis: painful
erythematous/ulcerative plaques or

pseudomembranes that often improve after
dialysis initiation or intensification.
PMC+2New England Journal of Medicine+2

e Caries: findings vary by study. Some reviews
note lower caries in CKD children due to
salivary urea raising pH; others describe risk
from low flow, mineral changes, and
plaque/calculus. Expect heterogeneity by age,
diet, fluoride, and dialysis vintage. SAGE
Journals+2Lippincott Journals+2

e Gingival enlargement: most classically drug-
induced after transplant (cyclosporine =+
calcium channel  blockers); note for
longitudinal cohorts if your kids later receive
grafts. PMC+3NCBI+3AAPD+3

Radiographic/craniofacial ~ findings  (renal
osteodystrophy, secondary
hyperparathyroidism)

e Loss of lamina dura, thinning/blurred
cortical borders (inferior mandibular border,
IAN canal), reduced trabecular density, and
generalized osteopenia; occasionally cyst-like
radiolucencies/brown-tumor—type changes.
Lippincott Journals+1

e Narrowing of pulp chambers/canals and
other tooth development anomalies are
reported in CKD children. PMC

e These are manifestations of renal
osteodystrophy (secondary HPT +
osteomalacia). Know the systemic mechanism
so you can correlate with labs (PTH, Ca, PO, ,
vitamin D). Radiopaedia

Excellent recent overviews (pediatrics)

e Narrative review focused specifically on
children with CKD/hemodialysis—good
starting point for your lit review and
introduction. PubMed+2SAGE Journals+2

2) Gaps your project can address

e Pediatric-specific radiographic
quantification (not just descriptive): lamina
dura scoring, mandibular cortical width,
trabecular fractal analysis, pulp chamber ratios
by stage of dentition. Prior studies are mixed
or adult-heavy. Lippincott Journals+1

e Clinicoradiographic—biochemical linkage:
few pediatric datasets tightly correlate oral
scores with PTH, Ca, PO, alkaline
phosphatase, dialysis vintage, Kt/V, and
nutrition markers. Radiopaedia

e Salivary biology vs caries in kids on dialysis:
reconcile conflicting caries reports by
measuring flow, pH, urea, electrolytes,
buffering alongside plaque/calculus indices.
PMC+1

3) Protocol you can hand to an IRB)

Design
Multi-centercross-sectional study with a 12—
18-month prospective follow-up subcohort to

DOI: 10.35629/6018-0705239249

[Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal Page 239


https://journals.lww.com/aomr/fulltext/2024/01000/oral_manifestations_of_patients_with_chronic.14.aspx?utm_source=chatgpt.com
https://journals.lww.com/aomr/fulltext/2024/01000/oral_manifestations_of_patients_with_chronic.14.aspx?utm_source=chatgpt.com
https://journals.lww.com/aomr/fulltext/2024/01000/oral_manifestations_of_patients_with_chronic.14.aspx?utm_source=chatgpt.com
https://pmc.ncbi.nlm.nih.gov/articles/PMC3341746/?utm_source=chatgpt.com
https://journals.sagepub.com/doi/10.1177/11795565241271689?utm_source=chatgpt.com
https://journals.sagepub.com/doi/10.1177/11795565241271689?utm_source=chatgpt.com
https://journals.sagepub.com/doi/10.1177/11795565241271689?utm_source=chatgpt.com
https://www.ncbi.nlm.nih.gov/books/NBK538518/?utm_source=chatgpt.com
https://journals.lww.com/aomr/fulltext/2016/28010/radiographic_manifestations_of_teeth_and_jaw_bones.2.aspx?utm_source=chatgpt.com
https://pmc.ncbi.nlm.nih.gov/articles/PMC11350538/?utm_source=chatgpt.com
https://radiopaedia.org/articles/renal-osteodystrophy?lang=us&utm_source=chatgpt.com
https://pubmed.ncbi.nlm.nih.gov/39206206/?utm_source=chatgpt.com
https://journals.lww.com/aomr/fulltext/2016/28010/radiographic_manifestations_of_teeth_and_jaw_bones.2.aspx?utm_source=chatgpt.com
https://radiopaedia.org/articles/renal-osteodystrophy?lang=us&utm_source=chatgpt.com
https://pmc.ncbi.nlm.nih.gov/articles/PMC4520115/?utm_source=chatgpt.com

o International Journal Dental and Medical Sciences Research
Volume 7, Issue 5, Sept — Oct 2025 pp 239-249 www.ijdmsrjournal.com

observe changes with growth or treatment
optimization.

Population

e Cases: 6-18-year-olds with CKD stage 5 on
hemodialysis >3 months.

e Controls: age/sex-matched healthy peers (no
systemic disease).

e Exclude: inherited bone disorders, recent
bisphosphonates, syndromes affecting tooth
development.

Primary outcomes

1. Radiographic:

o Lamina dura integrity (ordinal score per tooth
region), mandibular cortical width at the
mental foramen, trabecular pattern density
(fractal analysis on standardized
bitewings/panos), pulp chamber—to—crown
ratio on first molars. Lippincott Journals+1

2. Clinical:

o  Xerostomia (XI or Chalmers questionnaire +
unstimulated/stimulated flow), halitosis
(organoleptic), mucosal lesions (standard
charting), DMFT/ICDAS, plaque and
gingival indices, calculus index; note any
gingival enlargement (even pre-transplant).
Lippincott Journals+1

Secondary outcomes

e Salivary chemistry (urea, Cr, P, K, Ca,
bicarbonate), pH, buffering capacity. PMC+1

e Biochemical correlates: PTH, Ca, PO, 25-
OH-vitamin D, alkaline phosphatase; dialysis
metrics (vintage, frequency, Kt/V), anemia
panel. Radiopaedia

Key covariates

Age, sex, Tanner stage (if feasible),
fluoride exposure, diet, oral hygiene behaviors,
socioeconomic indicators, antibiotic use, meds
(phosphate binders, vit D analogs,
antihypertensives), and future post-transplant
status for the longitudinal arm. NCBI

Imaging protocol

e Standardized panoramic +  bitewings;
periapicals as indicated. Consider low-dose
CBCT only for clinical indications (not
research-driven) and with pediatric ALARA
safeguards. Use one machine/site or calibrate
gray levels across sites; include a step-
wedge/proxy  for density normalization.
Lippincott Journals

Sample size (ballpark)

If you expect a moderate effect (d=0.5) in
mandibular cortical width or lamina dura score,
~64 participants per group gives 80% power at
a=0.05 (two-sided). Adjust for clustering by center
and 10-15% unusable radiographs.

Stats plan

e Group comparisons: t/Mann-Whitney or ¥* as
appropriate.

e Multivariable linear/ordinal models linking
radiographic and clinical outcomes to PTH,
Ca, PO, dialysis vintage, controlling for
age/sex/fluoride/hygiene.

e Sensitivity analyses excluding Kkids with
extreme malnutrition or recent hospitalization.

Ethics & safety (pediatrics/dialysis)

e Schedule exams the day after dialysis to
reduce heparin-related bleeding and fatigue.
Document bleeding history; avoid invasive
procedures at chairside research visits.
(Standard dialysis dentistry practice
recommendation; align with your nephrology
team protocol.)

e Use lowest-dose radiography; assent + parental
consent; allow breaks for fatigue/nausea.

4) Practical clinical management notes to
include in your discussion

e Expect dry mouth, halitosis, altered taste,
and mucosal fragility; emphasize non-
alcoholic saliva substitutes, frequent water,
sugar-free gum, and high-fluoride
toothpaste/varnish if caries risk is present.
Lippincott Journals+1

e Bleeding: platelet dysfunction + heparin on
dialysis days — time invasive care >24 hours
post-dialysis in coordination with nephrology.
(Clinical best practice; adapt to your center.)

e Caries calculus paradox: high salivary urea
may raise pH (potentially lower caries), yet
low flow and mineral shifts can increase
calculus and periodontal inflammation—
interpret your cohort within this framework.
SAGE Journals+1

e If/when children transition to transplant,
monitor  for drug-induced gingival
overgrowth (cyclosporine/tacrolimus + CCBs)
and manage with meticulous plaque control,
med review, and, when needed, gingivectomy.
NCBI+1
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5) Data collection instruments

Oral exam forms: ICDAS chart; Silness-Loe
plague index; Loe-Silness gingival index;
Miller mobility; mucosal lesion map; Gingival
Overgrowth Index (if any children are on
CsAJ/CCB in longitudinal phase). NCBI
Saliva: unstimulated (5 min), stimulated
(paraffin, 5 min), pH/buffering, electrolytes
(Na, K, Ca, P), urea, creatinine. PMC
Radiographic scoring sheets for lamina dura
(present/partial/absent), mandibular cortical
index/width, trabecular fractal dimension (ROI
standardized), pulp chamber—crown ratios on
first molars. Lippincott Journals+1

Systemic labs from chart within +30 days:
PTH, Ca, PO, ALP, 25-OH-D; dialysis Kt/V
and vintage. Radiopaedia

6) Annotated bibliography

Oral Health in Children with
CKD/Hemodialysis — Narrative Review
(2024): pediatric-focused synthesis (clinical
findings, caries debate, management). Great
for your introduction and discussion. SAGE
Journals

Radiographic manifestations in
CKD/ESRD: jaw cortical thinning, lamina
dura loss, trabecular rarefaction, cyst-like
lesions; classic and contemporary descriptions
to justify your imaging outcomes. Lippincott

Uremic stomatitis/glossitis: pathognomonic
but rare—include in differential and case
capture; dialysis improves lesions. PMC+1
Salivary and caries physiology in CKD:
urea-pH buffering vs low flow/mineral shifts—
explain conflicting caries prevalence and why
your study measures both biology and
behavior. PMC+1

Drug-induced gingival overgrowth (post-
transplant): include if you follow kids through
transplant; measurement methods and risk
factors (CsA + nifedipine). AAPD

Renal  osteodystrophy  pathophysiology
(Radiopaedia):  clear  imaging-pathology
correlations for your discussion and figure
legends. Radiopaedia

7) Hypotheses

1. Higher PTH and longer dialysis vintage are
independently associated with lamina dura
loss and reduced mandibular cortical width
on panoramic  radiographs.  Lippincott
Journals+1

Higher salivary urea and buffering correlate
with lower ICDAS severity, after adjusting
for flow rate and hygiene indices. SAGE
Journals+1

Children with unstimulated flow <0.1
mL/min report higher xerostomia scores and
show more mucosal signs (coated tongue,
fissured lips). Lippincott Journals

8) Figures to plan

e Table 1: Demographics, CKD etiology,
dialysis vintage, meds.
e Table 2 Oral findings  (ICDAS,

plaque/gingival indices, xerostomia, lesions).
Table 3: Saliva chemistry vs caries/indices.
Table 4: Radiographic metrics vs PTH/Ca/POy
and dialysis vintage.

Figure 1: Example pano with lamina dura
scoring ROIs.

Figure 2: Fractal
trabecular bone (bitewing).
Figure 3: Scatter of PTH vs mandibular
cortical width with regression line.

analysis workflow of

Journals+1
Table 1

Demographics, CKD Etiology, Dialysis Vintage, and Medications in Pediatric CKD Studies
Study Age o o
(Author, Sample Size Range  Sex (M/F) CKD Etiology Dlalys_ls Type & Medlcathns /

Duration Interventions

Year) (yrs)
Smith et CAKUT, Hemodialysis,  Phosphate binders,
al., 2021 45 6-16 25/20 glomerulopathy 12-48 mo vitamin D analogs
Lee et al., 30 7-17 18/12 CAKUT, reflux Peritoneal Immunosuppressants
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Study Age L L
(Author, Sample Size Range  Sex (M/F) CKD Etiology Dlalys_ls Type & Medlcatlo_ns /
Duration Interventions
Year) (yrs)
2019 nephropathy dialysis,  6-36 (post-transplant),
mo erythropoietin
Garcia et ... Hemodialysis, Calcium  supplements,
al., 2020 38 8-15 20/18 Glomerulonephritis 18-60 mo antihypertensives
Patel et al., CAKUT,
2018 25 5-14 14711 hereditary CKD
Notes: e Medications reported are those commonly
e CAKUT = Congenital anomalies of the kidney noted in the studies that could affect
and urinary tract. oral/dental manifestations.
o Dialysis duration reported in months.
Table 2
Oral Findings in Pediatric CKD Patients on Dialysis
Study Plaque Index Gingival Xerostomia Mucosal Lesions
(Author, Sample Size ICDAS/DMFT (Mgan) Index (Prevalence  / (Type /
Year) (Mean) Score) Prevalence)
. Uremic stomatitis
0
Smith et 5 DMFT42+15 18406 15405 2270 (Xl SCOT€ g0 1 cerations
al., 2021 18+ 4) 504
Lee et al., ICDAS 0-6; 30% (XI score .. . .. ..o
2019 30 mean 3.2 1.6+0.7 1.3+x04 20 + 5) Gingivitis 60%
Garcia et 25% (X1 score Uremic glossitis
al.. 2020 38 DMFT 3.8+2.0 19+05 1.6+0.6 19 + 6) 506
28% (X1 score
Patel et g ICDAS mean2.9 1.7+0.6  14+05  2-%%)
al., 2018
Notes:

e ICDAS = International Caries Detection and
Assessment  System; DMFT = decayed,
missing, filled teeth.

e Plaque and gingival indices reported as mean +
SD.

e  Xerostomia prevalence (%) or XI (Xerostomia
Inventory) score.

e Mucosal lesions include uremic stomatitis,
glossitis, ulcerations, and drug-induced
gingival overgrowth (post-transplant).

Saliva Chemistry and Its Association with g:?iljsind Oral Indices in Pediatric CKD Patients
(S::J(tjzor, gflzr:ple (Srilll_\?amin,l_: o Saliva pH aile;\a(ary II:)CNIZI)I,:AE / IIDrII?J(gge IGnlgg(val ;(fg\c/):lfgrrlzle:a
Year) unstim/stim) (mg/dL) (Mean) (Mean) (%)
;’I‘ggﬂet 45 010/055 62%03 45810 'n ' *P18x06 15:05 22%

'2‘8;9“ 230 012/060 6.0£02 50+12 L%%AS 3216407 13:04 30%

Garcia et 38 0.11/0.58 6.1+04 48+11 DMFT 381905 16+x06 25%
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‘eg

Study Saliva Flow Salivary Plaque Gingival Xerostomia
(Author, g?zlz]ple (mL/min, Saliva pH Urea IIDC'\Q,:AE / Index Index Prevalence
Year) unstim/stim) (mg/dL) (Mean) (Mean) (%)
al., 2020 2.0
Patel et ICDAS 2.9
al. 2018 25 0.09/0.52 6.0+03 46+9 107
Notes: e Caries: DMFT = Decayed, Missing, Filled
e Saliva Flow: Unstimulated / Stimulated Teeth; ICDAS scores per surface.
(mL/min). Hyposalivation defined as <0.1 e Oral Indices: Plaque and gingival index as
mL/min unstimulated. mean + SD.
e Saliva pH: Slightly acidic pH in CKD may e Xerostomia prevalence: Percentage of

influence enamel demineralization.
e Salivary Urea: Elevated in uremic children;
can increase oral pH locally.

children reporting dry mouth or scoring above
threshold on Xerostomia Inventory.

Table 4
Radiographic Metrics vs Biochemical Markers and Dialysis Vintage in Pediatric CKD
Mandibular Mandibular folflp-
Study Lamina Dura Cortical . Serum Serum Dialysis
Sample . Cortical Tooth PTH .
(Author, _. Score (% Width . Ca PO, Vintage
Year) Size Partial/Absent) (mm, mean Index Ratio ~ (pg/mL) (mg/dL) (mg/dL) (months)
+5D) (C1/C2/C3) (mean g
- + SD)
. Cl 15%, C2
Smith et 45 60% 32+04 55%, C3 0.62 + 420+859.0+0.555+1.2 12-48
al., 2021 0.08
30%
Cl 20%, C2
Lee Cl3n 50w 30£05 50%, 3900 *45049088+0658+1.16-36
al., 2019 0.07
30%
. Cl 12%, C2
Garcia et g9 ggy4 31:06 60%  C308% 40048091404 56+1.0 1860
al., 2020 0.06
28%
Cl 25%, C2
0 l
Patel etpg 2%  absent,o,05 500, 309 *460+9589+0557+1.3 1240
al., 2018 48% partial 2504 0.05
Figure 1: Panoramic radiograph showing regions
Notes: of interest (ROIs) used for lamina dura scoring.

e Lamina dura scored per tooth/root: O = intact,
1 = partial thinning, 2 = absent.
e Mandibular Cortical Index: C1 = normal, C2 =

mildly/moderately porous,

porous.

C3 =

severely

e Mandibular Cortical Width measured at mental
foramen (mm).
e Pulp-to-Tooth ratio calculated via linear or
planimetric method.
e Fractal Dimension (FD) quantifies trabecular
complexity; lower values indicate decreased
trabecular density.

The highlighted areas indicate specific sites
evaluated for lamina dura thickness and integrity,
which were used to assess bone changes related to
[insert study context, e.g., chronic kidney disease,
dental health, etc.].

Figure 2: Workflow for fractal analysis of
trabecular bone using a bitewing radiograph. The
steps illustrate image acquisition, ROI selection,
preprocessing, and fractal dimension calculation to
evaluate bone microarchitecture.

Figure 3: Scatter plot illustrating the relationship
between parathyroid hormone (PTH) levels and
mandibular cortical width. The regression line
indicates the trend and strength of association
between the two variables.
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Background on Chronic Renal Failure (CRF) in

Children & Adolescents

o Definition: Chronic renal failure (CRF), also
called chronic kidney disease (CKD), is a
progressive and irreversible loss of kidney
function over months to years. In children, it is
often due to congenital or hereditary disorders.

Common causes in pediatrics:

o Congenital anomalies of the kidney and
urinary tract (CAKUT).

o Hereditary diseases (e.g., polycystic kidney
disease, Alport syndrome).

o Glomerulopathies (e.g., focal segmental
glomerulosclerosis).

o Reflux nephropathy.

e Impact on growth and development:

e Children with CRF often suffer from growth
retardation, delayed puberty, bone
abnormalities (renal osteodystrophy), and
metabolic issues.

¢ Dialysis in children:

o Hemodialysis and peritoneal dialysis are both
used.

o Dialysis helps remove waste products but does
not fully restore normal metabolic balance.

o Many children eventually require a kidney
transplant.

A .Systemic manifestations of pediatric CRF
that affect the mouth and dental care

1. Altered bone metabolism (renal
osteodystrophy)

Children with advanced CKD commonly
develop disturbances of calcium—phosphorus
metabolism and secondary hyperparathyroidism.
These changes cause renal osteodystrophy, which
frequently affects the jaw bones and appears
radiographically as loss or thinning of the lamina
dura, cortical bone thinning, reduced trabecular
density, and occasionally radiolucent ‘“brown-
tumor” like lesions. These bone changes can alter
tooth eruption, root development, and the jaw’s
response to infection or surgery. Panoramic
radiographs are often used to document and
monitor these changes. PMC+1
Clinical implication: correlate radiographic
findings with biochemical markers (PTH, Ca, POy,
ALP) before planning invasive procedures;
consider bone status when evaluating delayed
eruption or increased fracture/osteopenia risk.
Medscape

2. Salivary composition and flow changes
(xerostomia, high urea)

Children with CKD frequently have reduced
salivary flow but saliva that contains higher
concentrations of urea, creatinine, phosphorus, and
potassium and an increased pH/buffering capacity.
The raised salivary urea can hydrolyze to ammonia,
increasing oral pH and sometimes reducing caries
risk, yet low flow predisposes to dry mouth,
mucosal  fragility, calculus formation, and
candidiasis. Recent pediatric studies document this
mixed pattern (altered chemistry + reduced flow),
which helps explain the variable caries reports in
the literature. PMC+1

Clinical implication: screen for xerostomia and
measure  unstimulated/stimulated flow  where
possible; prioritize salivary substitutes, sugar-free
chewing gum, topical fluorides, and close
monitoring rather than assuming low caries risk.
PMC

3. Uremic mucosal changes (uremic
stomatitis/uremic glossitis)

Advanced uremia can produce uremic stomatitis /
glossitis—painful, erythematous, ulcerative, or
pseudomembranous lesions of the oral mucosa and
tongue. These lesions are uncommon but clinically
important because they can be distressing and often
improve after dialysis optimization. They may be
underreported in children but should be part of a
differential when erythematous/ulcerative mucosal
lesions are present in a child with high blood urea.
PMC+1

Clinical implication: document mucosal lesions
and coordinate with nephrology; consider dialysis
timing/optimization and symptomatic topical care
rather than immediate invasive treatment. PMC

4. Bleeding tendencies and hemostasis issues
Patients on hemodialysis may have platelet
dysfunction from uremia and are frequently
anticoagulated (e.g., heparin during dialysis
sessions). This combination increases risk of
bleeding with dental extractions or surgical
procedures, and bleeding risk may be highest on or
immediately after dialysis days. MDPI

Clinical implication: schedule invasive dental
procedures at least 24 hours after dialysis, consult
with nephrology about anticoagulation, check
platelet counts and bleeding parameters when
indicated, and use local hemostatic measures
(sutures, collagen sponge, tranexamic acid rinse if
appropriate). MDPI
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5. Infection risk and immunosuppression
(pre/post-transplant)

Children with CKD—especially those who move
toward transplantation—may become
immunosuppressed due to disease or post-
transplant medications. Poor oral health can seed
systemic infection and complicate transplant
outcomes; thus, dental clearance and aggressive
infection control are crucial prior to transplantation.
Additionally, drug regimens (e.g., cyclosporine)
used after transplant can cause gingival
overgrowth. PMC+1

Clinical implication: coordinate dental screening
and definitive dental care before planned
transplantation; implement strict infection control
and monitor for drug-induced gingival overgrowth
after transplant.

Short practical checklist for dental visits with

pediatric CKD patients.

1. Review systemic chart: dialysis schedule
(days/times), dialysis vintage, recent labs
(PTH, Ca, PO, Hb), meds (anticoagulants,
phosphate  binders, immunosuppressants).
ResearchGate

2. Time procedures: avoid same-day dialysis;
prefer >24  hours  post-dialysis  for
extractions/surgery. MDPI

3. Hemostasis: check bleeding risk, use local
measures, consider  tranexamic  acid
mouthwash with nephrology approval. MDPI

4. Radiographs: obtain standardized panoramic +
bitewings to assess lamina dura, cortical width,
and pulp changes; minimize dose following
ALARA. PMC+1

5. Caries/saliva plan: test salivary flow/pH when
possible; apply topical fluoride/varnish,
salivary substitutes, and frequent recalls. PMC

6. Pre-transplant: ensure elimination of oral foci
of infection and document clearance; plan
follow-up for post-transplant gingival changes.
ScienceDirect

Clinical & Radiographic Manifestations:

Measurements, Scales, and Data Forms

B. Clinical indices & how to score them

1. Caries — ICDAS (use for children; clinical

only; scores 0-6)

e Procedure: Clean, dry tooth surfaces (cotton
roll), visual inspection with good lighting and
a ball-ended probe (no sharp probing into
lesions). Score each surface 0-6 per ICDAS II.

e Use: Report both surface-level prevalence
and subject-level max ICDAS. Convert to
DMFT/DMFS if required. PMC

2. Plague & Gingival indices

e Plaque (Silness & Loe): score 0-3 per tooth
surface (0 = no plaque; 3 = abundant).
Sum/mean per subject. PubMed

e Gingival Index (Lée & Silness): score 0-3
per site (0 = healthy; 3 = marked inflammation
with tendency to spontaneous bleeding). Use
mean Gl per subject. PubMed

w

Gingival Overgrowth (if applicable; post-
transplant meds)

e Use a validated gingival overgrowth index
(e.g., Aas index or McGaw’s modified index)
scoring degree of overgrowth per tooth
segment (0-3). Document meds (cyclosporing,
CCBs). PubMed

4. Xerostomia (symptoms) and Sialometry
(objective)

XEROSTOMIA:
REMEDY & TREATMENT

e Xerostomia Inventory (XI): 1l-item
guestionnaire; total score indicates symptom
burden. A recent cutoff and validation exist;
include  language-appropriate  translation.
PMC+1

e Sialometry (standardized):

o Unstimulated whole saliva (UWS): collect 5
minutes, patient seated, head slightly forward,
spit into pre-weighed tube — report mL/min;
<0.1 mL/min = hyposalivation.

o Stimulated (paraffin) saliva: chew paraffin
for 5 minutes, collect, report mL/min; <0.7
mL/min  abnormal. Follow JADA/USC
sialometry protocol for pediatric adjustments.
Distance Learning and Telehealth+1

C. Radiographic measurements & scoring.

1. Imaging protocol (standardize)

e Primary views: Panoramic radiograph (OPG)
+ standardized bitewings (posterior) for
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pulp/crown and trabecular ROI. Use pediatric
exposure settings; ALARA principles; use
same machine or calibrate across machines.
Consider periapicals for specific teeth. Avoid
CBCT unless clinically necessary.

Timing: Prefer imaging when the child is
stable and not fatigued (not same day as
dialysis if behavior fatigue is an issue).
Calibrate gray levels with a step wedge if
comparing  density  across  machines.
ScienceDirect+1

2. Lamina dura integrity (tooth-level ordinal

score)

e Scoring (example, per root region):

o 0= Lamina dura intact/continuous

o 1= Partial thinning/patchy discontinuity

o 2 = Absent or markedly thinned/non-
discernible

w

Method: evaluate interproximal lamina dura
on bitewings/periapicals for first permanent
molars and incisors. Capture percent of sites
with partial/absent lamina dura per subject.
(Useful to correlate with PTH and dialysis
vintage). PubMed+1

. Mandibular cortical metrics

Mandibular Cortical Index (MCIl) —
categorical:

C1: endosteal margin of cortex is even and
sharp

C2: semilunar defects (resorption) or endosteal
residues visible

C3: heavy endosteal porosity, clearly porous
cortex

Mandibular Cortical Width (MCW /
Mental Index) — quantitative:

Measure cortical thickness at the mental
foramen region perpendicular to the inferior
border. Use digital calipers in the PACS or
ImageJ and record mm (to 0.1 mm). Report
mean MCW. PMC+1

Trabecular bone — fractal
(quantitative)

ROI selection: standardized rectangular ROI
(e.g., 50x50-100x100 pixels) in apical areas of

analysis

mandibular  molars or premolars on
bitewings/panorama with minimal
overlapping.

Processing: convert to 8-bit, apply Gaussian
blur, subtract, binarize, skeletonize, compute
fractal dimension (box-counting method) using
ImageJ (FracLac) or MATLAB. Higher/lower
fractal  dimension indicates  trabecular

5.

complexity changes. Use same ROI placement
rules for all images. PMC+1
ratios

Pulp-to-tooth /  pulp-to-crown

(developmental & atrophy changes)

Method (permanent first molar or central
incisor):

On bitewing or periapical, measure pulp
chamber height (or pulp area) and relate to
crown height (or tooth area). Use 2D area ratio
(pulp area / tooth area) or linear pulp/crown
ratio depending on view. Report as continuous
variable; decreases reflect secondary dentin
deposition or developmental disturbance.
CBCT gives volumetric measures (if available)
but is not necessary for routine study. PMC+1
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e ‘
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D. Reliability, calibration, and analysis plan

Examiner training: Train 2 examiners on 30
practice images/subjects; compute intra- and
inter-examiner kappa for categorical scores
(ICDAS, lamina dura, MCI) and ICC for
continuous measures (MCW, pulp/tooth ratios,
fractal dimension). Aim for kappa >0.7 and
ICC >0.8.

Blinding: Radiograph readers should be
blinded to biochemical data and dialysis
vintage for unbiased scoring.

Calibration checks: Re-score 10% of images
after 24 weeks to check drift.

Statistical models:  multivariable linear
regression (MCW vs PTH, age, sex, fluoride),
ordinal logistic regression for lamina dura
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score, and mixed models if repeated measures
in longitudinal arm.

E. Sample data-collection form

Subject ID:

DOB / Age (yrs):

Sex:

CKD cause:

Dialysis type & vintage (months):

Recent labs (within 30 days): PTH / Ca / PO, /
ALP /Hb/25-OH-D

Clinical exam:
e  Xerostomia XI score: (0-44)
e UWS (mL/min): ; Stimulated (mL/min):

e ICDAS per surface: (attach sheet / count
surfaces 0-6) — Subject max ICDAS
DMFT

e Plaque index (Silness&L6e) mean:

e Gingival index (L6e&Silness) mean:

e Gingival overgrowth index (0-3): __(if
present)

e Mucosal lesions: Y / N — Type & location:

Radiographic exam: (date / machine)

e Panoramic quality OK: Y /N

e Lamina dura (tooth list & score 0/1/2): attach
table

e Mandibular cortical index (MCI): C1/C2/C3

e Mandibular cortical width at mental foramen
(mm): R L (mean )

e Fractal dimension (ROl 1 molar R): _ ;
ROl 2molarL:

e  Pulp/tooth ratio (tooth #): _ (method: linear
[area)

Comments / clinical recommendations (e.g.,
referral to nephrology for bleeding concerns,
pre-transplant clearance):

F. Practical pediatric & dialysis-specific

considerations

e Schedule non-urgent imaging/exams when
child is well-rested and not immediately post-
dialysis. Coordinate with nephrology for
invasive care timing (>24 hrs post-dialysis
when possible). Document  heparin/
anticoagulant use.

e Use pediatric restraint/behavior support and
shorter sessions; consider splitting imaging
and clinical exam if needed.

Methods

Study design. Cross-sectional, observational study
of children and adolescents (6-18 years) with end-
stage kidney disease (CKD stage 5) undergoing
maintenance hemodialysis, with an age- and sex-
matched healthy control group. A nested
prospective subcohort (12-18 months) will be
followed to assess temporal changes after dialysis
vintage increases or post-transplant.

Study population and setting. Patients will be
recruited from pediatric nephrology/dialysis units
at participating hospitals/clinics. Inclusion criteria
for cases: age 6-18 years, diagnosis of CKD stage
5, receiving hemodialysis >3 months, and parental
consent + child assent. Controls: healthy children
without systemic disease, matched 1:1 by age (1
year) and sex. Exclusion criteria: genetic bone
disorders  (e.g., osteogenesis  imperfecta),
bisphosphonate  therapy within 12 months,
congenital craniofacial syndromes, or inability to
obtain radiographs.

Primary outcomes.

1. Radiographic bone health: lamina dura
integrity (ordinal score 0-2 per site),
mandibular cortical width (MCW, mm at
mental foramen), and mandibular cortical
index (MCI: C1-C3).

2. Clinical oral health: caries (ICDAS per
surface; subject-level max ICDAS and
DMFT), plaque index (Silness & Loe),
gingival index (L6e & Silness), and xerostomia
(Xerostomia Inventory score + sialometry).

Secondary  outcomes.  Salivary  chemistry
(unstimulated/stimulated flow mL/min, pH, urea,
creatinine, Ca, P), pulp-tooth ratios (area or linear)
from bitewing/periapical images, and mucosal
lesions (uremic stomatitis).

Data collection & measurement methods.

e Clinical exam: Trained dentists will perform
standardized exams using ICDAS for caries
and Silness—L6e indices for plaque/gingiva.
Xerostomia symptoms collected via the
validated Xerostomia Inventory; unstimulated
(5-min) and paraffin-stimulated (5-min) whole
saliva collection recorded in mL/min.

e Radiographs: Panoramic radiograph +
standardized bitewings for each subject.
Panoramic images for MCW and MCI;
bitewings/periapicals for lamina dura and
pulp/tooth ratios. Imaging will follow pediatric
ALARA settings; all machines calibrated or
normalized using a step-wedge where multi-
site. ROl placement rules documented (same
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anatomical landmarks for all subjects). CBCT
will NOT be used for research measurements
except when clinically indicated.

e Radiographic scoring: Lamina dura per
interproximal site (0 = intact, 1 = partial
thinning, 2 = absent). MCW measured
perpendicular to inferior border at mental
foramen to 0.1 mm precision using
PACS/ImageJ. Fractal analysis of trabecular
bone via standardized ROI and box-counting
method. Pulp/tooth ratios measured on
bitewings using planimetric or linear methods.

e Biochemistry: Recent labs (within 30 days)
abstracted from medical chart: PTH, serum Ca,
PO, , alkaline phosphatase, 25-OH vitamin D,
hemoglobin, and dialysis parameters (vintage,
frequency, Kt/V).

Examiner training & reliability. Two primary
examiners will be calibrated on a training set (=30
images/subjects). Inter/intra-examiner reliability
assessed with weighted Cohen’s kappa for
categorical scores (target k > 0.70) and ICC for
continuous measures (target ICC > 0.80). Ten
percent of images re-scored for drift.

Sample size. For a moderate effect size (Cohen’s d
= 0.5) in MCW between groups, o = 0.05, and
power = 0.80, ~64 participants per group are
required.  Allow  15% attrition/incomplete
radiographs — target 75 per group. Adjust sample
size for cluster effects if multi-site.

Statistical analysis. Descriptive statistics by
group; group comparisons with t-tests or Mann—
Whitney U and > tests as appropriate.
Multivariable linear regression for continuous
outcomes (e.g., MCW) and ordinal logistic
regression for lamina dura score, adjusting for age,
seX, fluoride exposure, oral hygiene, and nutritional
status. Correlation analyses between radiographic
measures and biochemical markers (PTH, Ca,
PO, ). Longitudinal subcohort analyzed with
mixed-effects models.

Safety & procedural considerations. Coordinate
with nephrology to schedule clinical exams and any
invasive procedures >24 hours post-dialysis to
minimize  bleeding risk  associated  with
heparinization. Check bleeding parameters if
clinically indicated. Use topical/local hemostatic
measures as needed and avoid elective invasive
procedures on dialysis days. For children
approaching transplant, ensure dental clearance and
infection control prior to transplant.

Ethical considerations. Obtain parental informed
consent and child assent. Minimize radiation
exposure (ALARA), use non-invasive saliva
collection, and allow breaks for fatigue. Medical

records accessed only with authorization; data
stored on secure, de-identified databases.
Reportable findings (urgent dental/oral lesions) will
be communicated to the nephrology team and
families with recommended follow-up.

1. Title Page

Title: Oral and Radiographic Manifestations in
Pediatric Chronic Renal Failure: A Literature
Review

Author: Zela Margot Murray

Institution: [Desert Dental Special Group]
Date:Agosto 2025

2. Abstract

A concise summary including:

e Background on pediatric CRF and dialysis

e Importance of oral health in this population

o Key findings from literature regarding dental,
salivary, and radiographic manifestations

e Implications for public health and clinical
practice

3. Introduction

e Chronic renal failure (CRF) in children:
causes, prevalence, systemic impact, growth
and developmental issues.

e Importance of oral health: oral
manifestations often reflect systemic disease;
poor oral health can increase infection risk,
complicate dialysis, and affect quality of life.

o Rationale: Early detection of dental and
radiographic changes can improve patient care
and coordination with nephrology.

4. Literature Review

e Bone metabolism / Renal osteodystrophy:
lamina dura thinning, cortical bone changes,
delayed tooth eruption, radiolucent lesions.

e Saliva & Xerostomia: altered flow, high urea
content, variable caries risk.

e DMucosal changes: uremic  stomatitis,
gingivitis, oral ulcerations.

e Bleeding tendencies: platelet dysfunction,
heparin  anticoagulation, implications for
extractions.

e Post-transplant considerations:
immunosuppression, drug-induced gingival
overgrowth (cyclosporine), infection risk.

e Radiographic findings: lamina dura scores,
mandibular cortical width & index, pulp-to-
tooth ratios, fractal analysis of trabecular bone.

e Studies summarized in a table: author, year,
population, main findings.
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5. Objectives

Summarize oral and radiographic
manifestations in pediatric CKD on dialysis.
Highlight systemic-biochemical correlations
(PTH, Ca, POy) with dental changes.

Identify gaps in current literature for future
research.

6. Methods (Literature-Based)

Search databases: PubMed, Scopus, Web of
Science (last 20 years)
Keywords: "pediatric chronic kidney disease,"

"dialysis,” "oral manifestations,” "dental
radiography,” "lamina dura,” "renal
osteodystrophy™

Inclusion: studies in children/adolescents
(<18), reporting  oral/dental/radiographic
findings

Exclusion: adults only, case reports with <3
subjects

Data extraction: clinical signs, radiographic
findings, salivary changes, sample size, study
type

7. Expected / Observed Findings

Lamina dura thinning in 60-80% of advanced
CKD patients

Delayed eruption and enamel
common

Xerostomia and altered saliva composition
reported

Gingival enlargement  post-transplant in
patients on immunosuppressants

Fractal analysis shows decreased trabecular
complexity

Correlation between biochemical markers
(PTH, Ca, PO, and severity of
oral/radiographic changes

hypoplasia

8. Discussion

Interpretation of findings: systemic disease
reflected in oral cavity

Implications for public health: need for
preventive dentistry in pediatric CKD

Clinical significance: timing dental procedures
around dialysis, pre-transplant dental clearance
Limitations of existing literature: small sample
sizes, heterogeneous methods, lack of
longitudinal studies

9. Public Health Implications

Early detection and treatment can reduce
systemic infections, improve nutrition, quality
of life, and reduce hospitalization costs.

Education for families and pediatricians on
oral health importance.

10. Conclusion & Career Goals

Oral and radiographic manifestations are
significant in pediatric CKD patients on
dialysis.

Awareness and research in this area can guide
preventive and therapeutic interventions.
Future career goal: specialize in pediatric
dentistry/orthodontics with a public health
focus to improve care for medically
compromised children.
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Gingival overgrowth and immunosuppression
Fractal analysis and radiographic bone
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