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Highlights

What are the main findings?

• Concerns about permanent tooth discoloration have traditionally limited the use of
tetracycline antibiotics in children younger than 8 years.

• Newer-generation tetracycline derivatives, particularly doxycycline, differ pharmaco-
logically from first-generation tetracyclines, but their dental safety remains uncertain.

What are the implications of the main findings?

• This systematic review and meta-analysis found no significant increase in the risk of
permanent dental staining after short-course doxycycline use in children.

• The findings support reconsidering the routine avoidance of doxycycline in young
children when clinically indicated, while further evidence is needed for minocycline
and tigecycline.

Abstract

Background/Objectives: Historical concerns regarding permanent dental staining have
restricted the use of tetracycline antibiotics in children younger than 8 years. However,
newer-generation tetracycline derivatives, particularly doxycycline, differ pharmacolog-
ically from first-generation tetracyclines and may present a lower risk of discoloration.
This systematic review and meta-analysis evaluated the risk of dental staining associated
with newer-generation tetracycline derivatives. Methods: It was conducted according to
the PRISMA 2020 statement and registered in PROSPERO. PubMed/MEDLINE, Scopus,
and Embase were searched. Methodological quality was assessed, and the certainty of evi-
dence using the GRADE approach. A random-effects meta-analysis of comparative studies
was performed using the risk difference (RD) as the summary effect measure. Results:
Six observational studies fulfilled the eligibility criteria. Three studies reported no cases
of dental staining following doxycycline exposure, whereas one study identified parent-
reported discoloration in 2 of 18 evaluated children (11.1%). Dental staining was reported in
2 of 41 children (4.9%) treated with minocycline and in 2 of 12 children (16.7%) with tigecy-
cline. Meta-analysis of the three comparative studies demonstrated no significant increase
in the risk of dental staining among exposed children compared with controls (RD = 0.007;
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95% CI −0.015 to 0.028; I2 = 0%). Methodological quality ranged from moderate to high.
According to GRADE, the certainty of evidence was low for doxycycline/minocycline and
very low for tigecycline. Conclusions: Current evidence, although limited, suggests that
short-course doxycycline is associated with little or no clinically relevant risk of permanent
dental staining in children younger than 8 years. In contrast, the available evidence for
minocycline and tigecycline remains insufficient to establish their dental safety.

Keywords: doxycycline; minocycline; tigecycline; tooth discoloration; child; tetracycline
derivatives

1. Introduction
Tetracycline (TC) antibiotics were first introduced in the 1950s and exhibit broad-

spectrum activity against both Gram-positive and Gram-negative bacteria. They remain
essential for the treatment of atypical pneumonia, melioidosis, brucellosis, Q fever, rick-
ettsioses, and for malaria prophylaxis [1]. Shortly after their introduction, however, per-
manent dental discoloration and enamel hypoplasia were reported in exposed children,
with the first description published by Shwachman et al. in 1956 [2]. These observa-
tions led the United States Food and Drug Administration (FDA) to issue a warning in
1963 recommending that tetracyclines should not be prescribed to children younger than
8 years of age or to pregnant or breastfeeding women unless the expected therapeutic
benefits clearly outweighed the potential risks [3–5]. Additional adverse effects include
increased hepatotoxicity during pregnancy [6] and transient inhibition of bone growth in
premature infants [7].

The mechanism underlying TC-associated dental effects is attributed to the ability
of these antibiotics to chelate calcium at physiological pH, forming tetracycline–calcium
orthophosphate complexes that become incorporated into mineralizing dentin and enamel
during tooth development [8]. Historically, reported rates of permanent dental staining
among exposed infants and young children ranged from 23% to 92% [9], with the risk being
strongly influenced by treatment dose, duration [10], and timing of administration during
periods of active tooth mineralization [3].

Unlike first-generation tetracyclines, second- and third-generation derivatives—
including doxycycline, minocycline, and tigecycline (a glycylcycline)—possess distinct
pharmacokinetic and pharmacodynamic characteristics that may reduce their potential for
dental deposition. These agents require lower doses, allow less frequent administration [11],
and exhibit reduced calcium-binding affinity, which may explain their substantially lower
propensity to cause permanent dental discoloration [12]. At the same time, increasing
antimicrobial resistance and the need for effective therapeutic alternatives have expanded
their use in pediatric infectious diseases, making their safety profile an increasingly impor-
tant clinical issue.

Whether these newer tetracycline derivatives can be safely administered to children
has become the subject of considerable debate [13]. Experimental studies have shown that
doxycycline induces significantly less dental discoloration than tetracycline or oxytetra-
cycline [14]. Likewise, previous narrative reviews concluded that the risk of doxycycline-
associated permanent dental staining in children younger than 8 years is very low, generally
below 1%, and found no convincing evidence of clinically relevant dental adverse effects
following short-course exposure [12,15]. Despite these emerging data, current prescribing
practices remain largely influenced by historical evidence derived from first-generation
tetracyclines [15]. Nevertheless, the American Academy of Pediatrics, in the 2018 Red Book,
concluded that doxycycline treatment for up to 21 days is safe for children of any age when
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clinically indicated [16–18]. Because doxycycline is now recommended as first-line therapy
for several potentially life-threatening infections, including Rocky Mountain spotted fever,
clarifying its true risk of permanent dental staining has become increasingly important for
evidence-based clinical decision-making [18].

To date, no systematic review has quantitatively synthesized the available comparative
clinical evidence regarding permanent dental staining associated with newer-generation
tetracycline derivatives in children. Although this review encompasses newer-generation
tetracycline derivatives as a group, the available clinical evidence is anticipated to be
considerably more robust for doxycycline than for minocycline or tigecycline, owing to the
greater use of doxycycline in pediatric clinical practice. Consequently, the strength of the
conclusions is expected to differ among these agents.

Therefore, the aim of this systematic review and meta-analysis was to critically eval-
uate clinical studies published between 2000 and the present investigating the risk of
permanent dental discoloration following oral administration of doxycycline, minocycline,
or tigecycline in children younger than 8 years of age.

2. Materials and Methods
2.1. Protocol and Registration

This systematic review and meta-analysis was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 state-
ment [19] (Supplementary File S1). The review protocol, including the research question,
eligibility criteria, search strategy, outcomes of interest, and methods for study selection,
data extraction, risk-of-bias assessment, and data synthesis, was established a priori to min-
imize the risk of reporting bias and ensure methodological transparency. The protocol was
prospectively registered in the International Prospective Register of Systematic Reviews
(PROSPERO) (registration number: CRD420261385872, accessed on 5 May 2026).

2.2. Review Question

The review question was developed using the PICO (Population, Intervention/Exposure,
Comparison, Outcome) framework [20], which was considered appropriate to define the
eligibility criteria and guide the literature search.

The PICO components were defined as follows:
Population (P): Children younger than 8 years of age.
Intervention/Exposure (I): Exposure to newer-generation tetracycline derivatives,

including doxycycline, minocycline, and tigecycline.
Comparison (C): Children not exposed to tetracycline derivatives, when a comparison

group was available.
Outcome (O): Permanent dental discoloration or other clinically detectable develop-

mental dental alterations (e.g., enamel hypoplasia).
Based on this framework, the review question was formulated as follows: Among

children younger than 8 years of age, does exposure to newer-generation tetracycline
derivatives increase the risk of permanent dental staining compared with no exposure?

2.3. Eligibility Criteria

Eligibility criteria were established a priori according to the PICO framework [20].
Studies were considered eligible if they met all of the following criteria: (1) observational

study design, including retrospective or prospective cohort studies, case–control studies,
cross-sectional studies, retrospective follow-up studies, or case series; (2) children younger
than 8 years of age who received doxycycline, minocycline, or tigecycline for the treatment
of any infectious disease; (3) evaluation of permanent dental staining or other clinically
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detectable developmental dental alterations following antibiotic exposure; (4) publication
in English from January 2000 onwards; and (5) a minimum sample size of 10 participants.

Studies were excluded if: (1) antibiotic exposure occurred after 8 years of age; (2) dental
staining or developmental dental defects were not evaluated as study outcomes; (3) the
investigated antibiotic was not doxycycline, minocycline, or tigecycline, or results for these
agents could not be extracted separately; (4) the study evaluated only topical antibiotic
administration; (5) the publication was an in vitro or animal study, review article, edito-
rial, letter, conference abstract, or expert opinion; or (6) the sample size was fewer than
10 participants.

2.4. Search Strategy

A comprehensive and systematic literature search was performed independently by
two reviewers (C.S.-M. and C.M.-P.) in the PubMed/MEDLINE, Web of Science, Scopus,
and Embase databases. The search strategy combined controlled vocabulary (Medical
Subject Headings [MeSH] and Emtree terms) with free-text keywords related to dental
discoloration and newer-generation tetracycline derivatives.

The search strategy included combinations of the terms “tooth discoloration,” “dental
staining,” “tetracycline,” “doxycycline,” “minocycline,” and “tigecycline.” Boolean oper-
ators (AND, OR) were used to combine search terms, and truncation was applied where
appropriate to maximize search sensitivity. The search syntax was adapted to the indexing
system and specific requirements of each database.

The final electronic search was conducted on 30 June 2026. No restrictions were
applied regarding study design during the electronic search. Searches were limited to
studies published from January 2000 onwards and to articles written in English. No
restrictions were applied regarding geographic location or the type of infectious disease for
which the antibiotic had been prescribed.

To identify any additional eligible studies, the reference lists of all included articles
were manually screened. The complete search strategies for each database are presented in
Table 1, ensuring the reproducibility of the search process.

Table 1. Literature search in databases.

Database Exact Search String Used No. of Articles Date of Last Search

PubMed/
MEDLINE

(“minocycline” [MeSH Terms] OR “Tetracycline”
[MeSH Terms] OR “Doxycycline” [MeSH Terms]
OR “Tigecycline” [MeSH Terms] AND (“tooth

discoloration” [MeSH Terms] OR “dental
staining” [Title/Abstract])

97 From 2000 to 30 June 2026

Scopus

TITLE-ABS-KEY (“minocycline” OR
“Tetracycline” OR “Doxycycline” OR

“Tigecycline”) AND “antibiotics” AND (“tooth
discoloration” OR “dental staining”)

232 From 2000 to 30 June 2026

Web of Science

(minocycline OR tetracycline OR doxycycline
OR tigecycline) AND (“tooth discoloration” OR

“tooth staining” OR “dental staining” OR
“dental discoloration” OR “tooth pigmentation”

OR “tooth colour” OR “tooth color”)

227 From 2000 to 30 June 2026

EMBASE

(‘minocycline’ OR ‘tetracycline’ OR ‘doxycycline’
OR ‘tigecycline’) AND ‘antibiotics’ AND (“tooth

discoloration” OR ((‘tooth’/exp OR ‘tooth’)
AND ‘discoloration’) OR “dental staining” OR

(‘dental AND staining’))

127 From 2000 to 30 June 2026
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2.5. Selection of Studies

Study selection was performed independently by three reviewers (C.S.-M., L.C.-G.
and M.J.B.-S.) using a two-stage screening process. In the first stage, titles and abstracts
retrieved from the electronic search were screened against the predefined eligibility criteria
to identify potentially relevant studies. In the second stage, the full texts of all potentially
eligible articles were independently assessed to determine their final eligibility for inclusion
in the review.

Disagreements at any stage of the selection process were resolved through discussion
and consensus among the reviewers. The reasons for excluding studies after full-text
assessment were documented and are presented in Table 2. The overall study selection
process is summarized in the PRISMA 2020 [19] flow diagram (Figure 1).

Figure 1. PRISMA flow diagram illustrating the study selection and screening process.
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Table 2. Excluded studies and their reasons for exclusion.

Reasons Excluded Studies

Studies with topical use

AlSaeed et al., 2018 [21]
Venkataraman et al., 2019 [22]
Küçükekenci et al., 2019 [23]

Porter et al., 2016 [24]
Altun & Turkyilmaz, 2024 [25]

Kirchhoff et al., 2015 [26]
Nagata et al., 2014 [27]

Tay et al., 2006 [28]
Akcay et al., 2014 [29]
Kim et al., 2010 [30]

Mandras et al., 2013 [31]

In another language
Bremell & Trollfors, 2017 [32]

Li et al., 2004 [33]
Chen et al., 2003 [34]

In vitro studies

Bennett & Walsh, 2015 [35]
Newman et al., 2025 [36]

Chan et al., 2006 [37]
Fukuta et al., 2001 [38]

Did not correspond with objective of review

Metz et al., 2017 [39]
Tapananon et al., 2025 [40]

Leonard et al., 2003 [41]
Gimeno et al., 2008 [42]
Deliperi et al., 2006 [43]

Chen et al., 2005 [44]
Matis et al., 2002 [45]

Sample size not adequate Ayaslioglu et al., 2005 [46]
Joshi et al., 2020 [47]

2.6. Data Extraction

Data extraction was performed independently by two reviewers (C.M.-P. and L.L.-D.V.)
using a standardized data extraction form specifically developed for this review. A third
reviewer (J.J.S.-E.) cross-checked all extracted data to ensure accuracy, completeness, and
consistency. Any discrepancies were resolved through discussion and consensus among
the reviewers.

The following information was extracted from each included study: first author, year
of publication, country, study design, sample size, participants’ mean age at antibiotic
exposure, presence of a control group, type of tetracycline derivative evaluated, dosage
regimen, treatment duration, age at dental follow-up, assessment of dental staining and
other developmental dental alterations, main results, and authors’ conclusions. The ex-
tracted data were organized into standardized evidence tables for qualitative synthesis and
quantitative analysis when appropriate.

2.7. Data Analysis

A qualitative synthesis was performed for all included studies. When at least
two studies with comparable designs and outcomes were available, a quantitative synthesis
(meta-analysis) was conducted. Because only three comparative studies were available,
comparative studies evaluating newer-generation tetracycline derivatives were pooled
irrespective of the specific compound.

The meta-analysis included studies that compared children exposed to newer-
generation tetracycline derivatives with unexposed controls and reported the occurrence
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of permanent dental staining. The pooled effect size was expressed as the risk difference
(RD) with corresponding 95% confidence intervals (95% CIs) using a random-effects model
to account for potential between-study variability. Risk difference was selected because
several included studies reported zero events in both the exposed and control groups.

Statistical heterogeneity was assessed using Cochran’s Q test and quantified with the
I2 statistic, with values of approximately 25%, 50%, and 75% representing low, moderate,
and high heterogeneity, respectively. A p value < 0.10 for Cochran’s Q test was considered
indicative of statistically significant heterogeneity.

In addition to statistical heterogeneity, potential sources of clinical heterogeneity—
including differences in the tetracycline derivative evaluated, treatment indication, dosage
regimen, duration of therapy, follow-up period, and methods used to assess dental
staining—were considered when interpreting the pooled estimates.

To evaluate the robustness of the pooled estimate, a leave-one-out sensitivity analysis
was performed by sequentially excluding each study and recalculating the pooled effect
size. Publication bias was not assessed because fewer than ten comparative studies were
available, making funnel plot asymmetry tests unreliable.

All statistical analyses were performed using OpenMeta [Analyst] (Center for Evidence
Synthesis in Health, Brown University, Providence, RI, USA). Statistical significance was
established at p < 0.05.

To evaluate the robustness of the meta-analysis, a leave-one-out sensitivity analysis
was conducted by sequentially excluding each comparative study and recalculating the
pooled risk difference with the remaining studies. This analysis was performed to deter-
mine whether the overall estimate was disproportionately influenced by any individual
study. Stability of the pooled effect across successive analyses was interpreted as evidence
of the robustness of the meta-analytic findings.

2.8. Risk of Bias Assessment

The methodological quality of the included studies was assessed using study design-
specific appraisal tools. The Joanna Briggs Institute (JBI) Critical Appraisal Checklist
for Analytical Cross-Sectional Studies [48] was applied to the non-comparative observa-
tional studies, whereas the Newcastle–Ottawa Scale (NOS) [49] was used to assess the
retrospective cohort studies.

Quality assessment was performed independently by two reviewers (C.M.-P. and
J.J.S.-E.). Any disagreements were resolved through discussion and consensus.

The JBI checklist comprises eight methodological domains evaluating inclusion criteria,
measurement of exposure and outcomes, identification and management of confounding
factors, and the appropriateness of statistical analysis. Each item was rated as “Yes,” “No,”
“Unclear,” or “Not applicable,” with higher numbers of positive responses indicating better
methodological quality.

The Newcastle–Ottawa Scale evaluates cohort studies across three domains: selection
of study groups, comparability of cohorts, and outcome assessment, with a maximum score
of eight stars. Higher scores indicate lower risk of bias and greater methodological quality.

2.9. Analysis of GRADE Evidence Levels

The certainty of the evidence for the primary outcome (permanent dental staining
following exposure to newer-generation tetracycline derivatives) was assessed using the
Grading of Recommendations Assessment, Development and Evaluation (GRADE) ap-
proach [50]. The assessment considered the five standard GRADE domains: risk of bias,
inconsistency, indirectness, imprecision, and publication bias, when assessable.

https://doi.org/10.3390/children13081029

https://doi.org/10.3390/children13081029


Children 2026, 13, 1029 8 of 22

Three reviewers (C.M.-P., C.S.-M., and L.C.-G.) independently evaluated the certainty
of the evidence. Any disagreements were resolved through discussion and consensus.

Because all included studies were observational, the certainty of evidence was ini-
tially rated as low, in accordance with GRADE methodology. The certainty rating was
subsequently downgraded when serious concerns were identified in any of the assessed
domains. Publication bias was not formally evaluated because the number of comparative
studies available for quantitative synthesis was insufficient to support reliable assessment.

The overall certainty of evidence for each outcome was classified as high, moderate,
low, or very low, according to the GRADE recommendations. A Summary of Findings table
was prepared to summarize the certainty of the evidence for the primary outcomes.

3. Results
The study selection process is summarized in Figure 1. The electronic database search

identified 683 records. After duplicate removal, 260 records remained for title and abstract
screening. Following application of the predefined eligibility criteria, 33 full-text articles
were assessed for eligibility.

Of these, 27 studies were excluded for the reasons detailed in Table 2. Consequently,
six studies were included in the qualitative synthesis, of which three provided sufficient
quantitative data to be included in the meta-analysis.

Ultimately, six studies fulfilled all eligibility criteria and were included in the
qualitative synthesis [51–56]. Of these, four were retrospective cohort studies [51–54],
whereas two were retrospective follow-up observational studies without a comparison
cohort [55,56]. Three cohort studies provided sufficient comparative data to be included in
the quantitative synthesis (meta-analysis). No prospective studies or randomized clinical
trials meeting the eligibility criteria were identified.

The relatively small number of eligible studies highlights the limited amount of clinical
evidence currently available regarding the dental safety of newer-generation tetracycline
derivatives in young children.

3.1. Characteristics of the Included Studies

The main characteristics of the six studies included in the systematic review are
summarized in Table 3. The studies were published between 2004 [51] and 2023 [56] and
were conducted in Europe [51,54], Asia [52,55], and the United States [53,56]. Sample sizes
ranged from 12 [55] to 58 children [53].

Four studies evaluated doxycycline [52–54,56], one investigated minocycline [51],
and one assessed tigecycline [55]. Maintenance doses ranged from 2 mg/kg/day [53]
to 5 mg/kg/day [54], although higher loading doses were administered in some stud-
ies [52,54]. Treatment duration varied from a mean of 7.3 days [53] to 21 days [51]. The
mean age at dental follow-up ranged from 7.2 years [51] to 14.2 years [54].

Three studies included a non-exposed comparison group [51–53], whereas the remain-
ing three were non-comparative retrospective observational studies [54–56]. Among the
four studies evaluating doxycycline, three reported no cases of permanent dental stain-
ing [52–54], whereas Brown et al. [56] reported parent-reported dental discoloration in 2 of
18 evaluated children (11%). In contrast, dental staining was observed in 2 of 41 children
(4.9%) treated with minocycline [51] and in 2 of 12 children (16.7%) exposed to tigecy-
cline [55]. However, among the studies including an unexposed comparison group [51–53],
no statistically significant differences in the occurrence of permanent dental staining were
identified between exposed and control children (p > 0.05).
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Table 3. Characteristics of the Included Studies.

Authors,
Year,

Country

Sample
Size/Mean

Age
Study

Design
Control
Group AB Dose

Regimen
Treatment
Duration

Follow-Up
Age Conclusions

Cascio et al.
[51] 2004,

Italy

41 exposed/
82 controls

5.0 y

Retrospective
matched

cohort study
yes Minocycline 2.5 mg/kg

twice daily 21 d

Mean age at
examination

11.6 y
(median
interval

7.2 y)

Minocycline could
be used to treat

infections in
pediatric patients
when indicated

Volovitz et al.
[52] 2007,

Israel

31 exposed + 30
controls/

4.1 y

Retrospective
controlled
follow-up

study

yes Doxycycline

4 mg/kg bid
on day 1,

then
2 mg/kg/day

for 9 days

10 d

Mean age at
examination

10.4 y
(6.3 years
since first
treatment)

Treatment with
doxycycline in c
aged 2–8 y is not
associated with
tooth staining.

Todd et al.
[53]

2015, USA
58 c/4.5 y

Retrospective
cohort
study

Yes Doxycycline

Mean dose
2.3 mg/kg/

dose,
typically

twice daily

Mean of
7.3 d

Mean age at
examination

9.8 y

Short-term
doxycycline

exposure before
8 years of age was
not associated with

visible dental
staining, enamel

hypoplasia or tooth
shade differences

Poyhonen
et al. [54]

2017, Finland
38 c/4.7 y

Retrospective
observa-

tional
follow-up

study

no Doxycycline

10 mg/kg/
day for first

2–3 days,
then 5

mg/kg/day

Mean
12.5 days

(range
2–28)

Mean age at
examination
14.2 y (mean

follow-up
9.6 y)

Doxycycline
treatment of small
children does not

seem to induce
permanent tooth

staining.

Zhu et al.
[55] 2021,

China

12 children/
median

exposure age
5.2 y

Pilot
retrospective

follow-up
study

no Tigecycline

Mean daily
dose

2.3 ± 0.6
mg/kg/day

Median
12.5 d (IQR

8.0–19.3)

Median age
at

examination
9.1 y

(4.5 years
after

exposure)

Tigecycline may
cause yellow
staining of

permanent teeth,
although further

follow-up is
needed

Brown et al.
[56] 2023,

USA

32 children (18
evaluated for
dental stain-

ing)/mean age
5.1

Retrospective
case series

with
telephone
follow-up

no Doxycycline

4.5
mg/kg/day

divided
twice
daily.

Mean
12.5 d NR

Doxycycline is
generally well

tolerated and an
effective treatment
for Lyme disease in

young children.
Prospective

observational
studies with

long-term
assessment are

needed.

3.2. Dental Staining Outcomes

The dental staining outcomes reported by the included studies are summarized
in Table 4. Overall, permanent dental staining was uncommon following exposure to
newer-generation tetracycline derivatives. Among the four studies evaluating doxycy-
cline [52–54,56], no clinically confirmed cases of permanent dental staining were reported
in three studies [52–54], whereas Brown et al. [56] identified parent-reported dental discol-
oration in 2 of 18 children (11.1%) who completed dental follow-up. In contrast, the study
evaluating minocycline reported clinically confirmed dental staining in 2 of 41 exposed
children (4.9%) compared with 2 of 82 controls (2.4%), with no statistically significant
between-group difference [51]. The only study investigating tigecycline reported dental
staining in 2 of 12 evaluated children (16.7%) but did not include a comparison group [55].
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Table 4. Dental staining outcomes in children exposed to tetracycline derivatives during tooth
development.

Authors, Year, Country Antibiotic Exposed (n) Controls (n) Dental Staining
Exposed (%)

Dental Staining
Controls (%)

Statistical
Comparison

Cascio et al. [51] 2004
(Italy) Minocycline 41 82 2/41

(4.9)
2/82
(2.4) NS

Volovitz et al. [52] 2007
(Israel) Doxycycline 31 30 0/31

(0)
0/30
(0) NS

Todd et al. [53] 2015
(USA) Doxycycline 58 213 0/58

(0)
0/213

(0) NS

Pöyhönen et al. [54] 2017
(Finland) Doxycycline 38 No control

group
0/38
(0) NR Not

applicable

Zhu et al. [55] 2021
(China) Tigecycline 12 No control

group
2/12
(16.7) NR Not

applicable

Brown et al. [56] 2023
(USA) Doxycycline 18 evaluated No control

group
2/18
(11.1) NR Not

applicable
Dental staining was assessed clinically by trained dentists in all studies except Brown et al., where outcomes were
parent-reported. Brown et al. [56]: 18 of 32 enrolled children completed dental follow-up. Cascio et al. [51]: dental
discoloration (2/41) was distinguished from overall enamel defects (14/41).

Three studies included an unexposed control group [51–53]. None of these studies
demonstrated a statistically significant increase in the occurrence of permanent dental stain-
ing among exposed children compared with controls. The remaining studies were descrip-
tive and therefore did not permit comparative statistical analyses. Dental outcomes were
assessed by clinical examination performed by trained dentists in all studies except Brown
et al. [56], in which dental staining was reported by parents during telephone follow-up.

Although developmental dental alterations such as enamel hypoplasia were included
as eligible outcomes, most studies focused primarily on clinically detectable permanent
dental staining. Only Todd et al. [53] systematically assessed enamel hypoplasia in addition
to tooth discoloration, whereas Cascio et al. [51] distinguished dental discoloration from
other enamel defects.

3.3. Meta-Analysis

A pooled meta-analysis was performed using the three studies that included a non-
exposed control group (Figure 2). Because two studies reported zero dental staining events
in both exposed and control groups, the effect size was expressed as the risk difference (RD)
using a random-effects model. The pooled analysis showed no significant difference in the
risk of dental staining between children exposed to tetracycline derivatives and unexposed
controls (RD = 0.007; 95% CI = −0.015 to 0.028).

Figure 2. Forest plot of the meta-analysis comparing the risk of permanent dental staining between
children exposed to tetracycline derivatives and unexposed controls [51–53].

Overall, dental staining was reported in 2 of 130 exposed children (1.5%) and 2 of
325 controls (0.6%). Statistical heterogeneity was negligible (I2 = 0%, p = 0.872), indicat-
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ing consistent findings across the included comparative studies. These findings should
be interpreted cautiously because only three controlled studies were available, most of
the evidence corresponded to doxycycline, and the pooled analysis combined different
tetracycline derivatives.

3.4. Sensitivity Analysis

A leave-one-out sensitivity analysis was performed to evaluate the influence of in-
dividual studies on the pooled estimate (Figure 3). Sequential exclusion of each study
produced only minimal changes in the pooled risk difference, which ranged from 0.005
(95% CI = −0.017 to 0.028) after excluding Cascio et al. [51] to 0.010 (95% CI = −0.038 to
0.057) after excluding Todd et al. [53]. Exclusion of Volovitz et al. [52] yielded a pooled
risk difference of 0.008 (95% CI, −0.015 to 0.031). In all analyses, the confidence intervals
included the null value, indicating that the overall findings were stable and were not driven
by any individual study.

Figure 3. Leave-one-out sensitivity analysis of the meta-analysis evaluating the risk of permanent
dental staining associated with tetracycline derivatives. Sequential exclusion of each study did not
materially alter the pooled risk difference, indicating that no single study had a disproportionate
influence on the overall estimate and confirming the robustness of the findings [51–53].

3.5. Risk of Bias Assessment

The methodological quality of the included studies was assessed using study design-
specific appraisal tools. The Joanna Briggs Institute (JBI) Critical Appraisal Checklist for
Analytical Cross-Sectional Studies was applied to the retrospective case series, whereas
the Newcastle–Ottawa Scale (NOS) was used to assess the retrospective cohort studies
(Tables 5 and 6).

Table 5. Methodological quality assessment of the non-comparative observational studies using the
JBI Critical Appraisal Checklist for Analytical Cross-Sectional Studies.

Study

Were the
Criteria for
Inclusion in
the Sample

Clearly
Defined?

Were the
Study

Subjects and
the Setting

Described in
Detail?

Was the
Exposure

Measured in a
Valid and

Reliable Way?

Were
Objective,
Standard
Criteria
Used for
Measure-

ment of the
Condition?

Were Con-
founding

Factors
Identified?

Were
Strategies to

Deal with
Confound-
ing Factors

Stated?

Were the
Outcomes
Measured
in a Valid

and Reliable
Way?

Was Appro-
priate

Statistical
Analysis

Used?

Score

Zhu et al.
[55] Yes Yes Yes Yes No No Yes Yes 6/8

Brown et al.
[56] Yes Yes Yes Yes Yes No Yes Yes 7/8
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Table 6. Methodological quality assessment of the retrospective cohort studies using the Newcastle–
Ottawa Scale (NOS).

Study Representativeness
of Exposed Cohort

Selection
of Non-
Exposed
Cohort

Ascertainment
of Exposure

Outcome
Not Present
at Baseline

Comparability
of Cohorts

Outcome
Assessment

Adequate
Follow-Up
Duration

Adequacy of
Follow-Up

Total
Score

Cascio
et al. [51] Yes Yes Yes Yes Yes Yes Yes Yes 8/8

Volovitz
et al. [52] Yes Yes Yes Yes Yes Yes Yes No 7/8

Todd et al.
[53] Yes Yes Yes Yes Yes Yes Yes Yes 8/8

Pöyhönen
et al. [54] Yes No Yes Yes No Yes Yes Yes 6/8

Among the two studies evaluated using the JBI checklist, Brown et al. [56] achieved a
score of 7/8 because no strategies to control for confounding factors were reported. Zhu
et al. [55] scored 6/8 owing to the absence of identification and statistical control of potential
confounders. Nevertheless, both studies fulfilled most methodological quality criteria,
indicating moderate-to-high methodological quality.

Among the four retrospective cohort studies assessed with the Newcastle–Ottawa
Scale, Todd et al. [53] and Cascio et al. [51] achieved the maximum score (8/8), reflecting ap-
propriate cohort selection, adequate follow-up, and objective outcome assessment. Volovitz
et al. [52] and Pöyhönen et al. [54] each scored 6/8, mainly because of limited control for
confounding factors and, in the latter study, the absence of a non-exposed comparison
cohort. Overall, the cohort studies were judged to have moderate methodological quality,
with NOS scores ranging from 6 to 8 out of 8.

For cohort studies, methodological quality was assessed using the Newcastle–Ottawa
Scale (NOS). Of the four observational studies included, two studies achieved the maximum
score of 8/8, and two scored 6/8. The highest-quality study was Todd et al. [53] and Cascio
et al. [51], which used blinded dental examiners, objective spectrophotometric assessment
of tooth colour, detailed exposure ascertainment, and adjustment for potential confounders.
Lower scores were assigned to Volovitz et al. [52] and Pöyhönen et al. [54] because of
limited control for confounding variables and, in the latter study, the absence of a non-
exposed comparison cohort. Overall, the included studies were judged to be of moderate
methodological quality. The main potential sources of bias were the retrospective design of
most studies, limited control of confounding factors, absence of comparison groups in some
studies, and relatively small sample sizes. The detailed assessment is presented in Table 6.

3.6. GRADE Assessment of the Certainty of Evidence

The certainty of the evidence for the main outcome (permanent dental staining fol-
lowing exposure to tetracycline derivatives during childhood) was assessed using the
GRADE approach (Table 7). Observational studies start as low-certainty according to
GRADE. The certainty of the evidence regarding the risk of permanent dental staining after
short-course doxycycline or minocycline exposure in children younger than 8 years was
rated as low. Although the included studies generally demonstrated moderate-to-high
methodological quality and showed consistent findings, the certainty of the evidence was
downgraded by one level because of serious imprecision resulting from the limited sample
size and the rarity of dental staining events. For tigecycline exposure, the certainty of the
evidence was rated as very low, owing to serious risk of bias and very serious imprecision
related to the small sample size, substantial loss to follow-up, and the limited number of
evaluated participants.

https://doi.org/10.3390/children13081029

https://doi.org/10.3390/children13081029


Children 2026, 13, 1029 13 of 22

Table 7. Summary of Findings (GRADE).

Outcome No. of Studies
(Design) Risk of Bias Inconsistency Indirectness Imprecision Other

Considerations
Overall

Certainty of
Evidence

Permanent dental
staining after
doxycycline/
minocycline

exposure in children
< 8 years

5 observational studies
(4 retrospective cohorts,

1 retrospective
case series)

Not serious Not serious Not serious Serious None ⊕⊕## LOW

Permanent dental
staining after

tigecycline exposure
in children < 8 years

1 observational study
(retrospective case

series)
Serious Not serious Not serious Very serious None ⊕###

VERY LOW

⊕⊕##: low certainty of evidence; ⊕###: very low certainty of evidence;

4. Discussion
Dental discoloration has historically represented the principal reason for restricting

the use of tetracycline antibiotics during tooth development [2–5,56–60]. However, most of
the evidence support ting this recommendation originates from studies performed several
decades ago with first-generation tetracyclines [3,10,57–60], whereas considerably less infor-
mation is available for newer tetracycline derivatives such as doxycycline, minocycline, and
tigecycline [5,11,12,15]. This systematic review synthesized the available clinical evidence
regarding the occurrence of permanent dental staining following exposure to these agents
in children younger than 8 years of age [51–56]. In addition to the qualitative synthesis,
a meta-analysis of controlled studies was performed, providing the first quantitative es-
timate of the comparative risk of dental staining associated with tetracycline derivatives
during childhood.

4.1. Principal Findings

The present systematic review identified six observational studies evaluating the asso-
ciation between tetracycline derivatives and permanent dental staining in children [51–56].
Four studies investigated doxycycline [52–54,56], one evaluated minocycline [51], and one
assessed tigecycline [55]. Overall, the available evidence suggests that short-course doxy-
cycline administration during tooth development is associated with little or no clinically
relevant risk of permanent dental staining. Three studies reported no cases of discoloration
following doxycycline exposure [52–54], whereas a fourth study identified only two parent-
reported cases without clinical confirmation [56]. Furthermore, the pooled analysis of
the three controlled studies demonstrated no statistically significant increase in the risk
of permanent dental staining among exposed children compared with unexposed con-
trols, with negligible statistical heterogeneity, indicating highly consistent findings across
comparative studies.

In contrast, the evidence for other tetracycline derivatives remains limited. The single
study evaluating minocycline did not demonstrate a statistically significant increase in
clinically confirmed dental discoloration compared with matched controls [51], although
the available evidence is insufficient to establish its dental safety. Similarly, only one small
retrospective study investigated tigecycline, reporting two cases of yellow discoloration
among twelve examined children [55]. Given the limited sample size, absence of a control
group, and substantial loss to follow-up, the certainty of evidence for tigecycline remains
very low.

Taken together, these findings are consistent with the growing body of evidence in-
dicating that doxycycline differs from older tetracyclines with respect to its potential to
induce permanent dental staining [5,11,12,15]. The biological and clinical reasons under-
lying this more favorable safety profile are discussed below. Nevertheless, because the
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available evidence is derived exclusively from observational studies with relatively small
sample sizes [51–56], the overall certainty of evidence remains low, and the results should
be interpreted with appropriate caution.

Unlike previous narrative reviews, the present study provides the first quantitative
synthesis of comparative evidence on dental staining associated with newer-generation
tetracyclines and complements qualitative findings with risk-of-bias assessment, GRADE
evaluation, and meta-analysis.

4.2. Doxycycline and the Risk of Permanent Dental Staining

Among the tetracycline derivatives evaluated, doxycycline was by far the most ex-
tensively investigated, accounting for four of the six included studies [52–54,56]. Overall,
the available evidence consistently suggests that short-course doxycycline administration
in children younger than 8 years is associated with a negligible risk of clinically relevant
permanent dental staining. Three studies found no cases of dental discoloration following
doxycycline exposure [52–54], while the only study reporting staining identified two parent-
reported cases during telephone follow-up without clinical confirmation [56]. Moreover,
the pooled analysis of the three comparative studies demonstrated no significant increase
in the risk of dental staining compared with unexposed controls, further supporting the
consistency of these findings.

The favorable safety profile of doxycycline is biologically plausible. Unlike first-
generation tetracyclines, doxycycline exhibits lower affinity for calcium ions, resulting in
reduced incorporation into mineralizing dental tissues [11,12,61]. This pharmacological
characteristic probably explains why historical estimates of dental discoloration associated
with older tetracyclines, which ranged from 23% to 92% [10,60,62], differ markedly from
the findings observed in contemporary studies evaluating doxycycline [52–54,56]. Con-
sequently, the long-standing contraindication applied to all tetracycline-class antibiotics
may not accurately reflect the pharmacological properties of doxycycline. In addition to
its lower calcium-binding affinity, doxycycline differs from first-generation tetracyclines
in several pharmacokinetic characteristics that may further reduce its incorporation into
developing dental tissues. Doxycycline is more lipophilic, exhibits higher protein bind-
ing, and is administered at lower therapeutic doses than older tetracyclines, resulting in
lower concentrations of free drug available to chelate calcium during tooth mineralization.
Furthermore, permanent dental staining occurs primarily during periods of active enamel
and dentin mineralization, when tetracycline–calcium complexes become incorporated into
the mineralizing matrix. Short therapeutic courses of doxycycline are therefore less likely
to coincide with sufficient drug deposition to produce clinically detectable discoloration,
particularly when compared with the prolonged or repeated exposure associated with
first-generation tetracyclines.

The clinical settings represented in the included studies also strengthen the gener-
alizability of these findings. Doxycycline was administered for a variety of indications,
including atypical pneumonia [52], Rocky Mountain spotted fever [53], Lyme borrelio-
sis [54,56], and other bacterial infections requiring short therapeutic courses. Importantly,
the absence of clinically detectable staining was consistently observed despite differences in
treatment duration, cumulative dose, and patient age at exposure [52–54]. Todd et al. [53]
additionally demonstrated no increase in enamel hypoplasia or objectively measured tooth
shade differences between exposed and unexposed children, while Pöyhönen et al. [54]
reported no staining despite relatively high doses and treatment durations of up to 28 days.

These observations are consistent with previous narrative reviews and expert opin-
ions suggesting that doxycycline differs substantially from older tetracyclines regarding
its potential to induce permanent dental discoloration [5,12,15]. Similarly, earlier clinical
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reports by Lochary et al. [63] and Cale and McCarthy [64] described either no clinically
significant discoloration or changes that were imperceptible to the naked eye after doxy-
cycline exposure during childhood. Collectively, the available evidence supports current
recommendations from the American Academy of Pediatrics, which no longer considers
short courses of doxycycline to be contraindicated in children of any age when clinically
indicated, particularly for potentially life-threatening infections such as Rocky Mountain
spotted fever [18]. Nevertheless, despite the consistency of the available studies, the overall
certainty of evidence remains low because all included investigations were observational
and involved relatively small sample sizes.

4.3. Evidence for Minocycline and Tigecycline

In contrast to doxycycline, the available evidence regarding the dental safety of
minocycline and tigecycline remains scarce. Only one study was identified for each an-
tibiotic [51,55], precluding meaningful comparisons and preventing robust conclusions
regarding their risk of permanent dental staining.

The study by Cascio et al. [51] evaluated the use of oral minocycline in combination
with intravenous rifampicin for the treatment of childhood brucellosis. Although the
authors reported no statistically significant increase in clinically confirmed dental discol-
oration compared with matched controls, the evidence should be interpreted cautiously.
While minocycline possesses several pharmacological advantages over older tetracyclines,
including improved oral absorption, greater lipophilicity, enhanced antimicrobial activity,
and lower calcium-chelating capacity [65–70], these theoretical characteristics have not been
adequately validated by clinical studies evaluating dental development. Consequently,
despite the reassuring findings reported by Cascio et al. [51], there is currently insufficient
evidence to conclude that minocycline shares the favorable dental safety profile observed
with doxycycline.

Similarly, evidence regarding tigecycline is limited to a single retrospective follow-up
study including only twelve evaluated children [25]. Tigecycline is a glycylcycline deriva-
tive with broad-spectrum activity against multidrug-resistant microorganisms [71] and is
generally reserved as salvage therapy for severe pediatric infections when alternative treat-
ments are unavailable or ineffective [72–79]. Zhu et al. [55] reported yellow discoloration
in two of the twelve examined children following tigecycline exposure, corresponding
to an incidence of 16.7%. However, the study was limited by the absence of a control
group, substantial loss to follow-up, and a very small sample size. Consequently, although
these findings suggest that tigecycline may retain the potential to induce permanent dental
discoloration, the certainty of evidence is very low, and further well-designed studies are
required before definitive conclusions can be drawn.

Overall, the available evidence indicates important differences in the amount and qual-
ity of evidence among newer tetracycline derivatives. Whereas doxycycline has now been
evaluated in several independent clinical studies with largely consistent findings [52–54,56],
the evidence supporting the dental safety of minocycline and tigecycline remains insuf-
ficient. Accordingly, the favorable conclusions reached for doxycycline should not be
extrapolated to minocycline or tigecycline, as the currently available evidence for these
agents is limited to isolated observational studies and remains insufficient to establish their
dental safety.

4.4. Comparison with Previous Studies

The findings of the present systematic review are consistent with previous narrative
reviews suggesting that doxycycline carries a substantially lower risk of permanent dental
staining than first-generation tetracyclines [5,12,15]. Earlier reviews concluded that the
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available evidence did not support the historical contraindication of doxycycline in young
children, particularly when short treatment courses were administered for serious bacterial
infections. Likewise, Wormser et al. [5] questioned whether recommendations derived from
older tetracyclines should continue to be extrapolated to doxycycline, given its distinct
pharmacological characteristics and lower affinity for calcium.

However, the present review extends the existing literature in several important re-
spects. First, it incorporates more recent clinical evidence, including studies published
after the most frequently cited reviews [55,56]. Second, unlike previous narrative re-
views, it systematically evaluated the methodological quality of the included studies using
validated risk-of-bias tools and assessed the certainty of evidence using the GRADE frame-
work. Third, it provides the first quantitative synthesis of comparative studies through
meta-analysis, demonstrating no statistically significant increase in the risk of permanent
dental staining among children exposed to newer tetracycline derivatives compared with
unexposed controls.

Despite these advances, the conclusions of the present review remain appropriately
cautious. Although the available evidence consistently supports the dental safety of short-
course doxycycline, it remains based exclusively on observational studies and relatively
small numbers of exposed children. Furthermore, the evidence for minocycline and tigecy-
cline continues to be insufficient, highlighting that the favorable safety profile demonstrated
for doxycycline should not automatically be extrapolated to other tetracycline derivatives
until additional clinical evidence becomes available. This interpretation is also supported
by the recently published systematic review and meta-analysis evaluating the dental safety
of short-course doxycycline in children younger than 8 years, published by Rajan et al. [80].
Their findings are consistent with those of the present review, reporting a very low fre-
quency of dental adverse events following short-course doxycycline use while emphasizing
that the available evidence is based on a limited number of observational studies. The
concordance between both reviews further supports the view that short-course doxycy-
cline appears to be associated with a minimal risk of permanent dental staining when
clinically indicated, although additional well-designed prospective studies are still needed
to strengthen the certainty of the evidence.

4.5. Clinical Implications

The findings of this systematic review have important implications for pediatric
clinical practice. Historically, the recommendation to avoid tetracycline antibiotics in
children younger than 8 years has been extrapolated from evidence obtained with first-
generation tetracyclines, particularly tetracycline itself, which exhibits a high affinity for
calcium and a well-documented association with permanent dental staining [3,10,15,57–62].
However, the present review suggests that this historical concern should not necessarily be
generalized to all newer tetracycline derivatives, particularly doxycycline.

The available evidence generally supports the favorable dental safety profile of short-
course doxycycline when used for appropriate clinical indications. This conclusion is
reinforced by the absence of an increased risk of permanent dental staining in the pooled
analysis of controlled studies and is consistent with current recommendations from the
American Academy of Pediatrics and other expert bodies, which recognize doxycycline as
the treatment of choice for potentially life-threatening infections such as Rocky Mountain
spotted fever regardless of patient age [18]. Similarly, doxycycline has become an important
therapeutic option for Lyme disease, atypical pneumonia, and other infections in which
its excellent antimicrobial activity, oral bioavailability, and tissue penetration offer clear
clinical advantages [15,72,73].
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From an antimicrobial stewardship perspective, unnecessary avoidance of doxycycline
because of concerns derived from older tetracyclines may inadvertently lead to the use of
broader-spectrum or less effective alternatives, prolonged hospitalization, or the need for
intravenous therapy. Therefore, when doxycycline represents the recommended first-line
treatment and no equally effective alternative exists, the available evidence suggests that
concerns regarding permanent dental staining should not preclude its use in children
younger than 8 years.

Nevertheless, these conclusions should not be extrapolated to other tetracycline deriva-
tives. The evidence supporting the dental safety of minocycline and tigecycline remains
limited and is based on isolated observational studies with small sample sizes [51,55].
Until more robust clinical evidence becomes available, their use in young children should
continue to be guided by a careful assessment of the balance between expected therapeutic
benefit and the potential risk of adverse effects on dental development.

4.6. Strengths and Limitations

This systematic review has several strengths. To our knowledge, it is the first system-
atic review and meta-analysis specifically evaluating the risk of permanent dental staining
associated with newer-generation tetracycline derivatives in children younger than 8 years
of age. The review was conducted according to the PRISMA 2020 guidelines, included a
comprehensive search of multiple electronic databases, and applied predefined eligibility
criteria. Study selection, data extraction, and quality assessment were performed indepen-
dently by multiple reviewers, reducing the likelihood of selection and extraction bias. In
addition, methodological quality was assessed using validated study design-specific tools,
the certainty of evidence was evaluated using the GRADE approach, and a meta-analysis
of controlled studies was performed to provide a quantitative estimate of the comparative
risk of dental staining.

Nevertheless, several limitations should be acknowledged. First, the available evi-
dence was limited to six observational studies, most of which included relatively small
sample sizes and very few dental staining events. Second, only three studies included
an unexposed comparison group, restricting the statistical power of the meta-analysis.
Third, important clinical heterogeneity existed among studies regarding the tetracycline
derivative evaluated, treatment indication, dosage, duration of therapy, follow-up period,
and methods used to assess dental discoloration. Although statistical heterogeneity was
negligible in the pooled analysis, these clinical differences should be considered when
interpreting the results.

Additional sources of heterogeneity should also be considered. The included studies
differed in the age at antibiotic exposure, cumulative dose, treatment duration, and interval
between exposure and dental examination, all of which may influence the likelihood of
detecting permanent dental alterations. Furthermore, although most studies assessed
dental outcomes through clinical examination performed by dentists, the methods used for
outcome assessment and the degree of examiner calibration were not uniformly reported.
One study relied exclusively on parent-reported outcomes rather than clinical examina-
tion. These methodological differences may have contributed to variability in outcome
ascertainment despite the absence of statistical heterogeneity in the pooled analysis.

Supplementary limitations arise from the methodological characteristics of the primary
studies. Most investigations were retrospective, making them susceptible to incomplete
clinical records and residual confounding. Furthermore, one study relied exclusively on
parent-reported outcomes without clinical dental examination [56], whereas another expe-
rienced substantial loss to follow-up [55]. Finally, the evidence available for minocycline
and tigecycline was limited to a single study for each antibiotic, precluding meaningful
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comparisons between tetracycline derivatives and preventing firm conclusions regarding
their relative safety.

Taken together, these limitations explain why the certainty of evidence was rated
as low for doxycycline and minocycline and very low for tigecycline despite the gener-
ally favorable methodological quality of the included studies. Consequently, although
the available evidence is reassuring, particularly for doxycycline, the findings should be
interpreted with appropriate caution until larger prospective studies become available.
Moreover, because most studies focused exclusively on visually detectable permanent
dental staining, the available evidence regarding other developmental dental defects, such
as enamel hypoplasia, remains limited.

4.7. Future Research

Although the available evidence is generally reassuring, particularly for doxycycline,
additional high-quality research is required to strengthen the current evidence base. Given
the ethical constraints associated with randomized controlled trials in this field, future
investigations should focus on well-designed prospective multicenter cohort studies with
standardized protocols for antibiotic exposure, long-term follow-up, and comprehensive
dental assessment. Larger sample sizes would improve the precision of risk estimates
and allow meaningful subgroup analyses according to age at exposure, cumulative dose,
treatment duration, and number of treatment courses.

Future studies should also adopt standardized and objective methods for assess-
ing dental outcomes. Clinical examinations performed by calibrated examiners should
be complemented, whenever possible, by objective color measurements, standardized
photography, and radiographic evaluation to detect both visible discoloration and po-
tential developmental alterations of enamel and dentin. Recording potential confound-
ing factors, including oral hygiene practices, fluoride exposure, nutritional status, med-
ical history, and concomitant medications, would further improve the validity of future
observational studies.

Finally, additional research is particularly needed for minocycline and tigecycline,
for which the current evidence is based on only one observational study each. Future
investigations should determine whether the lower calcium-binding affinity of these newer
tetracycline derivatives translates into a clinically meaningful reduction in dental adverse
effects comparable to that observed with doxycycline. Such evidence would help refine cur-
rent pediatric prescribing recommendations and support evidence-based decision-making
when these antibiotics are required for the treatment of severe or drug-resistant infections.

5. Conclusions
Historical concerns regarding permanent dental staining have limited the use of

tetracycline antibiotics in young children. This systematic review indicates that the available
evidence, although limited, consistently suggests that short-course doxycycline appears
to be associated with little or no clinically relevant risk of permanent dental staining. In
contrast, evidence regarding minocycline and tigecycline remains insufficient to draw
firm conclusions.

The pooled analysis of controlled studies found no significant increase in the risk of
permanent dental staining among children exposed to tetracycline derivatives compared
with unexposed controls. Although the overall certainty of evidence was low because of the
observational nature of the available studies and the limited number of events, the current
evidence supports consideration of short-course doxycycline, when clinically indicated,
particularly in situations where it represents the recommended treatment and no equally
effective alternative is available. Importantly, these conclusions should be interpreted in
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the context of the overall low certainty of the available evidence according to the GRADE
assessment, reflecting the observational nature of the included studies and the limited
number of events.
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