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Abstract 63 
 64 
Context: The use of antibiotics in young children is widespread and may lead to adverse 65 
effects on dental health, including staining, developmental defects, and dental caries.  66 

Objective: To systematically review the effects of early childhood antibiotic exposure on 67 
dental health 68 

Data Sources: Medline (Ovid/PubMed), Embase (Ovid) and Cochrane databases. Study 69 
bias was assessed using the Newcastle-Ottawa Scale.  70 

Study Selection: English language articles which reported antibiotic exposure prior to 8 71 
years of age and one or more of the relevant outcomes (dental caries, intrinsic tooth 72 
staining, or developmental defects of enamel) were included 73 

Data Extraction: Data on study population, design, type of antibiotic, outcome 74 
measurement, and results were extracted from the identified studies 75 

Results: The initial search yielded 1003 articles of which 34 studies were included. Five of 76 
the 18 studies on tetracycline described a dose response relationship between exposure to 77 
tetracycline doses of > 20 mg/kg/day and dental staining. Early childhood exposure to 78 
doxycycline (at any dose) was not associated with dental staining. There was no clear 79 
association between any early childhood antibiotic exposure and dental caries or enamel 80 
defects. 81 

Limitations: In all included studies, the main limitations and sources of bias were the lack 82 
of comparison groups, inconsistent outcome measures, and lack of adjustment for relevant 83 
confounders. 84 

Conclusions: There was no evidence that newer tetracycline formulations (doxycycline 85 
and minocycline) at currently recommended dosages led to adverse effects on dental health. 86 
Findings regarding antibiotic exposure and developmental defects of enamel or dental 87 
caries were inconsistent. Further prospective studies are warranted.  88 



Introduction  89 

 90 

Antibiotics are the most commonly prescribed medications in childhood; in Australia their 91 

use has increased by 230% in the ten years between 2000 and 2010.1 Antibiotics are 92 

suggested to have a myriad of effects on dental health, particularly tooth staining, 93 

developmental tooth defects (enamel hypoplasia and hypomineralisation), and dental 94 

caries.2 However, data are inconsistent, with both adverse and protective effects reported.3-7  95 

 96 

The mechanisms underlying these putative associations include direct effects on tooth 97 

development and indirect influences via the oral microbiome.2,8,9 Antibiotics can directly 98 

interfere with the highly sensitive process of tooth mineralization, leading to developmental 99 

dental defects such as enamel hypoplasia, and hypomineralisation.10 These defects present 100 

clinically as tooth discoloration and breakdown, often necessitating complex dental 101 

treatment.11,12,13 In addition, early life exposure to tetracycline antibiotics can lead to 102 

formation of complexes within the tooth structure resulting in characteristic ‘tetracycline 103 

staining’ with dark banding across the tooth.14-16 However, recent studies suggest that 104 

newer formulations of tetracycline antibiotics (e.g., doxycycline) may not cause tooth 105 

staining.17-19   106 

 107 

Dental caries (tooth decay) affects 60-90% of children globally.20-22 Dental caries is 108 

multifactorial disease that occurs as a result of oral microbial dysbiosis driven by dietary 109 

sugar and dental plaque. Antibiotic exposure may therefore potentially affect the 110 

pathogenesis of dental caries both directly (via the oral microbiome) and indirectly (via 111 

contributing to enamel defects).23 Early studies focused on the inverse relationship between 112 

antibiotic exposure and dental caries and subsequent findings indicate a possible 113 

relationship between antibiotic exposure and enamel defects.3,24-26 Data on newer antibiotic 114 



formulations and their association with dental caries and enamel defects are 115 

inconsistent.27,28  116 

 117 

We therefore conducted a systematic review to evaluate the evidence regarding the effect 118 

of early childhood antibiotic exposure on dental caries, developmental defects of enamel, 119 

and tooth staining 120 

 121 

Methods 122 

 123 

This study followed the Preferred Reporting Items for Systematic Reviews and Meta-124 

analyses (PRISMA) reporting guidelines (Appendix 1. Table 1). The review was registered 125 

in the PROSPERO database (CRD42020179098). 126 

 127 

MEDLINE (PubMed/Ovid), Embase (Ovid; 1946-current), and the Cochrane Library 128 

databases were searched in September 2021 using the search strategies listed in Appendix 129 

1, Methods. All searches were limited to the English language. Reference lists of included 130 

articles were checked. In addition, Pro-Quest Dissertation Abstracts and Thesis database 131 

and Google Scholar were searched for grey literature.  132 

 133 

Studies were included if they reported antibiotic exposure prior to 8 years of age (the 134 

period of tooth development) and one or more of the relevant outcomes (dental caries, 135 

intrinsic tooth staining, or developmental defects of enamel) based on visual assessment of 136 

the dentition. Developmental defects of enamel with a known etiology such as fluorosis 137 

and amelogenesis imperfecta were excluded as outcome measures.29 For the outcomes of 138 

dental caries and developmental defects of enamel, only studies using a validated index 139 

were included (Appendix 1. Table 2). As there is no validated tool to measure tetracycline 140 



staining, studies using any clearly described method were included.  141 

 142 

Two independent investigators (D.R and G.H.) assessed eligibility of all studies in 143 

Covidence (Covidence systematic review software, Veritas Health Innovation, Melbourne, 144 

Australia), in a two-stage screening process; by title and abstract and then by full text. 145 

Initial disagreements were resolved by discussion and then by a third independent reviewer 146 

(M.S.).  147 

  148 

Data on study population, design, type of antibiotic, outcome measurement, and results 149 

were extracted from the identified studies by a sole investigator (D.R.) using a standardized 150 

extraction form. All data extraction was audited by a second reviewer (G.H.). Odds Ratios, 151 

p-values and 95% confidence intervals were extracted from studies that quantified the risk 152 

of caries, developmental defects of enamel and dental staining with the exposure, 153 

antibiotics. If not reported and when possible, the odds ratios and confidence intervals were 154 

calculated. All analyses were performed using STATA 16 software (StataCorp. 2019. Stata 155 

Statistical Software: Release 16. College Station, TX: StataCorp LLC). Due to 156 

heterogeneity and lack of data on covariates, meta-analysis was not considered appropriate. 157 

 158 

The studies were assessed for risk of bias according to both the Newcastle Ottawa Scale 159 

(NOS) and ROBINS-E tool by a sole investigator (D.R) (Appendix 1. Tables 3 and 4) and 160 

audited by a second reviewer (M.S.).30,31 The NOS was modified to suit the research 161 

question (Appendix 1. Table 5). No studies were excluded on the basis of the bias 162 

assessment.  163 

 164 

Results 165 

 166 



Study Characteristics 167 

The initial search yielded 1003 articles with 756 articles screened by title and abstract after 168 

duplicates had been removed. Overall, 34 were found to be eligible for qualitative analysis 169 

(Figure 1). All 34 studies were retrospective cohort studies. A total of 18 studies 170 

investigated tetracyclines and/or tetracycline derived antibiotics, seven investigated 171 

amoxicillin only, and nine did not specify the antibiotic class.  172 

 173 

Exposure ascertainment was based on hospital/pharmacy records or patient/parent recall of 174 

medication use. The median age at the time of antibiotic exposure was 6 years (range 0-8 175 

years). Outcomes were measured between 24 months to 18 years of age. Sample size varied 176 

from 25 to 29485 participants (Table 1).3,32  177 

 178 

The methods used to measure and quantify the three outcomes (dental caries, enamel 179 

defects and dental staining) varied considerably. A total of 3 different measures were used 180 

for caries, 10 for dental staining, and 7 for enamel defects (Appendix 1. Table 2).33-35 In 181 

addition to detection of tetracycline staining from visual and laboratory analyses, general 182 

intrinsic staining was determined by measuring tooth color using a shade guide or 183 

spectrometer and applying an arbitrary threshold. The seven indices used to measure 184 

developmental defects of enamel were variations of two core validated indices (European 185 

Academy of Paediatric Dentistry Criteria for MIH (Molar-Incisor hypomineralisation) and 186 

DDE (Developmental Defects of Enamel) Index) (Appendix 1. Table 2).36,37 187 

 188 

Tetracycline & Tetracycline Derived Antibiotics  189 

 190 

Tetracycline and Intrinsic Staining 191 

Eighteen studies investigated tetracyclines and tetracycline derived antibiotics, most of 192 



which (n=16) included dental staining as an outcome. Eleven studies investigated older 193 

formulations (e.g., tetracyclines), often at relatively higher doses (from 10 to 38mg/kg/day) 194 

whereas 5 studies investigated the newer formulations (e.g., doxycycline), often at lower 195 

dosages (from 2.3 to 6.25mg/kg/day) (Table 2). Dosage was not reported in three studies.38-196 

40 197 

 198 

Three studies assessed the presence of the characteristic pattern of tetracycline staining 199 

from visual inspection and four studies used fluorescence of exfoliated or extracted teeth. 200 

Four studies used tooth color and shade as a marker of tetracycline staining. The five 201 

remaining studies used a combination of the above methods or study specific outcome 202 

measures based on inherent tooth shade (intrinsic staining).  203 

 204 

The studies investigating older formulations of tetracyclines, were published between 1962 205 

and 1980, and had a moderate to critical risk of bias, often failing to clearly report the 206 

method for measurement of outcomes. Higher doses of tetracyclines were associated with 207 

increased presence of dental staining. In five studies, doses of ³ 20 mg/kg/day with a 208 

duration from 5 to 11 days were associated with dental staining whereas only one study of 209 

the same dose reported no association.41-46 The study that reported the strongest association 210 

(OR: 11.62, 95% CI 5.96, 24.32) evaluated the highest dose for the longest consecutive 211 

duration (26.7mg/kg/day for a mean of 11 days).41  212 

 213 

All five studies evaluating the relationship between newer formulations of tetracycline 214 

(minocycline and doxycycline) and dental staining showed no association. The studies 215 

were published between 1998 to 2017 and average dosage ranged from 2.3 to 25 mg/kg/day 216 

with a mean duration of 10.7 days.17,19,47-49 Notably no cases of tetracycline staining were 217 

observed in 58 and 78 children at average doses of 2.3 mg/kg/day and 6.25 mg/kg/day, 218 



respectively. Although the overall risk of bias varied, there was evidence from 3 low bias 219 

studies that doxycycline did not cause intrinsic staining, including tetracycline staining. 220 

17,19,47  221 

 222 

Developmental Defects of Enamel 223 

Five studies investigated the relationship between childhood use of tetracycline derived 224 

antibiotics and developmental defects of enamel.17,40,42,43,50 Four of these papers provided 225 

details regarding dosage (Table 2). Two papers reported contradictory results for 226 

tetracycline at doses of 20 mg/kg/day.42,43 One study with a critical level of bias 227 

investigated 40 premature infants with an average treatment duration of 4 days and found 228 

higher odds of enamel defects (OR 5.83, 95% CI 0.42, 314.48). However, the study did not 229 

address the role of prematurity on the relationship.43 In contrast, the other study with a 230 

moderate level of bias investigated 160 participants aged 6 to 12 years with an average of 6 231 

days of medication and found no cases of enamel hypoplasia.42 232 

 233 

The two studies of newer formulations (doxycycline at 5 mg/kg/day and minocycline at 2.3 234 

mg/kg/day) did not report an increased odds of enamel hypoplasia (OR 0.89, 95% CI 0.38, 235 

2.11; OR 0.92, 95% CI 0.2, 4.2).17,50 The findings from these five studies are contradictory 236 

and preclude clear conclusions but suggest that newer formulations at lower dosages likely 237 

do not have an association with developmental defects of enamel.17,40,42,43,50 238 

 239 

Dental Caries 240 

Three of the four studies of dental caries used the total number of decayed, missing, filled 241 

teeth or surfaces based on visual inspection as a measure of caries prevalence or severity; a 242 

single study used radiographic evaluation in addition to a clinical criterion. Tetracycline 243 

use at 20mg/kg/day had no association with the presence of dental caries (OR 1.42, 95% CI 244 



0.34, 7.06).51 A study of 100 participants found fewer carious tooth surfaces (0.099 +/- 245 

0.088) in the exposed group compared to the comparison group (0.146 +/- 0.087), however, 246 

this study had a serious level of bias due to lack of confirmation of exposure. 38  A similar 247 

association was also reported in a study of 86 patients that found a mean of 7.5 (+/- 1.0) 248 

carious surfaces in the exposed group compared a mean of 13.5 (+/- 1.3) in the comparison 249 

group.40 All four studies had high levels of bias, with one lacking a comparator group and 250 

another reliant upon parent recall for exposure ascertainment and all failing to adjust for 251 

confounders, such as socioeconomic status (a major social determinant of dental caries 252 

risk).  253 

 254 

Amoxicillin  255 

Seven of the included studies evaluated the effect of amoxicillin on enamel defects and/or 256 

dental caries whilst effects on intrinsic staining were not evaluated (Table 3).  257 

 258 

Developmental Defects of Enamel 259 

Four studies investigated the relationship between amoxicillin and developmental defects 260 

of enamel. 9,52-54 One study found a positive association (OR 7.88, 95% CI 2.43, 25.12) 261 

between penicillin and developmental defects of enamel in a cohort of 433 with a median 262 

age of 7.8 years.52 This study had a low level of bias, and adjusted for relevant confounders 263 

fluoride exposure, tooth wear and age. Conversely two studies, with a low to moderate risk 264 

of bias in populations of 120 and 367 showed a protective association between penicillin 265 

(dosage not reported) and developmental defects of enamel with ORs 0.44 (95% CI 0.25, 266 

0.77) and 0.07 (95% CI 0.02, 0.28).9,53  267 

 268 

Dental Caries 269 

There were four studies that investigated the relationship between amoxicillin and dental 270 



caries all with a moderate level of bias.3,52,55,56 Only two studies reported dosage with one 271 

being an average of 16mg/kg/day and the other of 125mg/day.55,56 One study with an 272 

exposure group of 433 in a population of 7 to 9 year olds found a higher number of carious 273 

surfaces in the exposed group (mean 1.46, SD: 0.99) than in the comparison group (0.76, 274 

SD: 1.33).52 Contrastingly, another study of penicillin (125mg/day) found a lower number 275 

of carious surfaces in the exposed group of 6 to 13 year olds (mean 3.55, SD: 0.58) 276 

compared with the control group (mean 4.84, SD: 0.32).55 A birth cohort study of 29 485 277 

participants found that the number of teeth affected by caries at 2 years of age was on 278 

average lower in children who had taken amoxicillin (p<0.0001). However, dosage was not 279 

provided and odds ratios unable to be calculated from the data provided limiting 280 

conclusions about effect size.3 This was consistent with a cohort study of 393 participants 281 

where amoxycillin doses of 5 to 29 mg/kg/day were found to be protective for dental caries 282 

with a mean 0.47 (+/- 0.6) carious surfaces in the exposed group, compared to 1.50 (+/-283 

0.32) in the comparison group.56 Overall, a clear association could not be identified due to 284 

the heterogeneity in outcome measures across the studies.   285 

 286 

Unspecified Classes of Antibiotics  287 

Nine studies (Table 4) evaluated the dental effects of any antibiotic exposure by either 288 

combining several antibiotics into a single exposure group, or without specifying the 289 

antibiotic formulations.2,57-64 Four studies, all with low to moderate bias focused on molar-290 

incisor hypomineralisation (MIH), a common developmental defect, three of these found a 291 

positive association with MIH prevalence, In contrast, none of the three studies with low to 292 

moderate risk of bias that investigated developmental defects of enamel in general (as 293 

opposed to MIH specifically) reported an association.58,62,65 294 

 295 

Discussion 296 



 297 

To our knowledge, this is the first systematic review to investigate early childhood 298 

antibiotics and three dental outcomes (caries, enamel defects and dental staining). We 299 

included evidence from 34 studies. Tetracyclines at higher dosages (³ 20mg/kg/day) were 300 

associated with dental staining; these doses are not currently recommended. There were 301 

conflicting results both between early childhood antibiotics and dental caries and between 302 

early childhood antibiotic use and MIH.  303 

 304 

There was no evidence that newer tetracycline-related formulations (doxycycline, 305 

minocycline), nor other antibiotic classes, were associated with adverse dental outcomes. 306 

Our findings are in keeping with other systematic reviews of doxycycline that concluded 307 

that median treatment durations up to 10 days had negligible effects on tooth staining. 308 

18,28,66,67 The change in formulation from tetracycline to doxycycline included removal of 309 

the hydroxyl group at C-6.68 This resulted in an inherent change on calcium binding 310 

capacity (doxycycline 19% vs tetracycline 39.5%) with doxycycline therefore less likely to 311 

result in the ion complexes that cause intrinsic staining.27 This change combined with more 312 

recent studies on safety of doxycycline has also prompted the American Academy of 313 

Pediatrics 2021 Red Book to recommend use of doxycycline for less than 21 days 314 

regardless of age.69 315 

 316 

A previous systematic review reported an association between antibiotic use and 317 

developmental defects of enamel (MIH) but lacked data on dosage and the age of antibiotic 318 

administration, so it was not possible to ascertain if exposure occurred during tooth 319 

calcification.70 Notwithstanding, the findings are in keeping with the current study. No 320 

studies evaluating enamel defects have determined if the effect on dentition is due to the 321 



antibiotic itself or the underlying illness.58,71-73 Therefore, until any risk of MIH has been 322 

quantified through prospective studies with data on any dose response relationship, the 323 

treatment of infections with antibiotics outweighs any putative MIH risk. 324 

 325 

We were unable to draw clear conclusions regarding the effect of early childhood 326 

antibiotics on dental caries due to the heterogeneity of outcome measures. Previous studies 327 

have reported an increase in risk of dental caries from early childhood antibiotic use.3 This 328 

is in contrast to data from patients with cystic fibrosis, who have prolonged cumulative 329 

antibiotic exposure from early childhood and in whom there is a lower risk of dental caries. 330 

2,5,6  331 

 332 

Strengths and Limitations 333 

This study has a number of strengths including assessment of three different dental 334 

outcomes for the first time. Two bias tools were used to assess all papers, which was done 335 

in duplicate using a number of databases and at several time points. Most of the studies in 336 

this systematic review have methodological limitations. All rely on retrospective data, and 337 

several did not adjust for potential confounders such as socioeconomic status and age. The 338 

previous data on tetracycline-derived antibiotics and dental staining is largely from the 339 

1960s and 1970s, and data quality is limited. The introduction of standardised reporting 340 

guidelines (such as STROBE) has improved the quality and reduced bias.74 341 

 342 

Limitations include the lack of standardized and validated outcome measures (for tooth 343 

staining in particular) that made comparison between studies difficult. While validated 344 

outcome measures were used for both developmental defects of enamel and caries, several 345 



different indices were used (Appendix 1. Table 2). A validated index for tetracycline 346 

staining is hard to develop because of the low prevalence of staining. This systematic 347 

review applied causal inference using observational data to evaluate the effect of early 348 

childhood antibiotic use on dental outcomes. Such analyses are powerful and increasingly 349 

common, there are inherent biases and challenges to answering causal questions from 350 

observational research.75 General associations between any exposures to antibiotics and 351 

dental health without specific doses may provide a signal of an association but are limited 352 

in providing causal insights. Further studies with prospective longitudinal cohorts of 353 

patients with quantification of dosages would provide more complete evidence to inform 354 

clinical practice.  355 

 356 

Conclusions 357 

Despite the limitations of the existing, largely retrospective data, we found no evidence that 358 

currently used antibiotics at currently recommended doses prior to 8 years of age was 359 

associated with later dental effects of tooth staining, developmental defects of enamel, or 360 

caries. Newer formulation tetracyclines (doxycycline and minocycline) at currently 361 

recommended doses do not cause long term dental effects. There is conflicting evidence for 362 

the relationship between antibiotic use and other dental outcomes (caries and enamel 363 

defects). Further well-designed prospective longitudinal cohort studies are needed to 364 

determine this relationship using standardized outcomes with adjustment for confounders, 365 

together with biological sampling and microbiome analysis, are warranted. 366 
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Tables 
 
Table 1. Study Characteristics and Risk of Bias for Included Studies 
 

Study Descriptors Antibiotic Outcome Measures Newcastle-Ottawa 
Bias Analysis 

Journal 
Article 

Level 
of 
Eviden
ce 

Number 
of 
Subject
s 

Subject 
Characteri
stics 

Stud
y 
Desi
gn 

Type of 
Antibiotic 

Dosage Length of 
Medicatio
n 

Carie
s 

Dental 
Staining 

Developme
ntal Defects 
of Enamel 

Selec
tion 

Com
parab
ility 

Out
com
es 

Ahmadi, 
2012 

Cohort 
Study 

433 7–9-year 
old’s 

Cross
-
Secti
onal 
Stud
y 

Amoxicilli
n 

Unknown Unknown DM
FTa 

 
DDE index ****   *** 

Alaki, 
2009 

Cohort 
Study 

29485 13-24 
months 

Cross
-
Secti
onal 
Stud
y 

Penicillin Unknown Unknown ECC
b - 
resto
ratio
n, 
SCC, 
sedat
ive 
fillin
g, 
pulp 
treat
ment 
or 

  
***   ** 



extra
ction 
of 
prim
ary 
denti
tion 
SEC
C - 
any 
smo
oth 
surfa
ce 
carie
s less 
than 
3yo 

Allazza
m, 2014 

Cohort 
Study 

267 8–12-year 
old’s 

Cross
-
Secti
onal 
Stud
y 

Not 
specified 

Unknown Unknown 
  

EAPD 
Judgement 
for MIH 

***   *** 

Arrow, 
2009 

Cohort 
Study 

550 5–6-year 
old’s 

Cross
-
Secti
onal 
Stud
y 

Medicatio
n 
Amoxicilli
n 
Other 
medicatio
n 

Unknown Unknown WH
O 
Crite
ria 

 
Modified 
DDE Index 

*** * *** 



Other 
antibiotic 

Brearley, 
1973 

Cohort 
Study 

100 3–12-year 
old’s 

Cross
-
Secti
onal 
Stud
y 

Tetracycli
ne 

Unknown Unknown DM
FT 

Dental 
Staining 
as the 
following 
criteria - 
pale 
yellow, 
bright 
yellow, 
brown or 
grey-
brown, 
yellow-
brown, 
grey, 
grey-
yellow or 
orange 

 
* * *** 

Cascio, 
2004 

Cohort 
Study 

41 10.1 to 13 
years 

Cross
-
Secti
onal 
Stud
y 

Minocycli
ne 

5mg/kg/da
y 

21 days 
  

Developme
ntal Defects 
of Enamel 
Index 

*** * *** 



Conchie, 
1970 

Cohort 
Study 

238 8 to 11 
years 

Cross
-
Secti
onal 
Stud
y 

Tetracycli
ne 

26.7mg/kg/
day 

11 days 
 

Staining 
via 
fluorescen
ce 

 
****   *** 

Frankel, 
1964 

Cohort 
Study 

25 4 to 55 
days 

retros
pecti
ve 
Coho
rt 

Doxycycli
ne 

2mg/kg on 
first day 
and then 
1mg/kg 
every day 
after 

6 to 17 
days 

 
Fluoresce
nce 

 
***   *** 

Forti, 
1969 

Cohort 
Study 

1724 5 to 10 
years 

Cross
-
Secti
onal 
Stud
y 

Tetracycli
ne 

20mg/kg/d
ay 

Unknown 
 

Staining 
as colors 
and 
fluorescen
ce 

 
* * ** 

Gluca, 
2018 

Cohort 
Study 

120 9.8 +/- 1.8 
years 
10.2 +/- 2 
years 

Cross
-
Secti
onal 
Stud
y 

Antibiotic
s 

Unknown Unknown 
  

Weerheijm 
(MIH 
Index) 

*** * *** 

Grossma
n, 1971 

Cohort 
Study 

160 6 to 12 
years 

Cross
-
Secti
onal 
Stud
y 

Demethyl
chlortetrac
ycline 
Tetracycli
ne 

20mg/kg/d
ay 

6 days 
 

Staining 
against 
tooth 
shade 
guide and 
under UV 
light 

 
***   *** 



Hamp, 
1967 

Cohort 
Study 

40 
 

Cross
-
Secti
onal 
Stud
y 

Tetracycli
ne 

20mg/kg/d
ay 

7 days Carie
s 
prese
nce 

Color Hypoplasia *   * 

Handelm
an, 1966 

Cohort 
Study 

393 6 to 19 
years 

Cross
-
Secti
onal 
Stud
y 

2 groups: 
Penicillin 
and 
Penicillin 
+ 
Tetracycli
ne 

5mg/kg/da
y to 
29mg/kg/d
ay 

2.5 years Abili
ty to 
be 
able 
to 
penet
rate 
the 
surfa
ce 
with 
an 
expl
orer 
and 
evide
nce 
of 
deter
iorati
on of 
enam
el 
walls 
or 

  
**   *** 



softe
ned 
cavit
y 
floor 

Hysi, 
2016 

Cohort 
Study 

1575 8-10 years Cross
-
Secti
onal 
Stud
y 

Not 
specified 

Unknown Unknown 
  

MIH - 
Weerheijm 

***   *** 

Jalevik, 
2001 

Cohort 
Study 

516 8-year 
old’s 

Cross
-
Secti
onal 
Stud
y 

Not 
specified 

Unknown Unknown 
  

Modified 
DDE Index 

*** * *** 

Kinirons
, 1992 

Cohort 
Study 

164 4 to 18 
years 

Cross
-
Secti
onal 
Stud
y 

Not 
specified 

Unknown Unknown DM
FT 

  
* * ** 



Lahdesm
aki, 
2016 

cohort 
Study 

39 13.5 years 
average 

Retro
spect
ive 
Coho
rt 

Doxycycli
ne 

6.25mg/kg/
day 

12 days 
 

Not 
specified 

 
*   *** 

Laisi, 
2009 

Cohort 
Study 

141 10.7 years 
average 
with SD 
1.3 and 
range 
from 7.8-
12.7 years 

Cross
-
Secti
onal 
Stud
y 

Penicillin 
V 
Amoxicilli
n 

Unknown Unknown 
  

Developme
ntal Defects 
of Enamel 
Index 

***   *** 

Littleton, 
1964 

Cohort 
Study 

435 6 to 13 
years 

Cross
-
Secti
onal 
Stud
y 

Penicillin 200 000 
units/day 

Unknown DM
F 
Inde
x 

  
****   *** 

Lochary, 
1998 

Cohort 
Study 

 
Mean age 
of 13.7 
years with 
11 to 19 
years 

Retro
spect
ive 
Coho
rt 

Doxycycli
ne 

Range 
from 
25mg/kg to 
100mg/kgc 

Range 
from 1 to 
10 days 

 
Ordinal 
number 
scale 
Researche
rs own 
method 

 
****   *** 

Mariri, 
2003 

Cohort 
Study 

39 4-7 years Case-
Contr
ol 

Antibiotic
s 

Unknown Unknown Pitts 
et al 
criter
ia 

  
*** * *** 

Martin, 
1969 

Cohort 
Study 

4690 4 to 17 
years 

Retro
spect
ive 

Tetracycli
ne 

Unknown Unknown 
 

Researche
rs own 
method 

Barnard 
Index 1967 

***   *** 



Coho
rt 

Poyhone
n, 2017 

Cohort 
Study 

38 4.7 
average 
0.6 to 7.9 
years 

Retro
spect
ive 
Coho
rt 

Doxycycli
ne 

6.25 
mg/kg/day 

12.5 days 
 

Diffuse 
discolored 
bands of 
tooth 
crown 

Enamel 
Hypoplasia 

**   *** 

Primosc
h, 1980 

Cohort 
Study 

86 3 to 24 
years 

retros
pecti
ve 
Coho
rt 

Tetracycli
ne 

Unknown Unknown Clini
cal 
and 
radio
grap
hic 
criter
ia 
from 
Davi
es 
and 
Cade
ll 

Discolorat
ion 

Weinmann 
And 
Associates 
Criteria 

** * ** 

Souza, 
2012 

Cohort 
Study 

903 6-12 years 
old 

Cross 
Secti
onal 
Stud
y 

Antibiotic
s 

Unknown Unknown 
  

EAPD MIH 
Judgement 

****  * 



Swallow
, 1967 

Cohort 
Study 

63 1-15 years Retro
spect
ive 
Coho
rt 

Tetracycli
ne, 
Oxytetrac
ycline, 
Chlortetra
cycline 

20mg/kg/d
ay 

Unknown  Authors 
own 
severity 
index - 
compared 
to 30 
artificial 
teeth 

 
**   *** 

Tariq, 
2014 

Cohort 
Study 

367 7-14 years Cross
-
Secti
onal 
Stud
y 

Penicillin, 
Cephalosp
orin 

Unknown Unknown 
  

DDE Index ***   *** 

Todd, 
2015 

Cohort 
Study 

58 8 to 16 
years 

Cross
-
Secti
onal 
Stud
y 

Doxycycli
ne 

2.3mg/kg/d
ay 

7.3 days 
 

Own 
methods 
Assessed 
against a 
spectroph
otometer 

 
*** * *** 

Volovitz
, 2007 

Cohort 
Study 

61 10.4 +/- 
2.1 years 

Cross 
Secti
onal 
Stud
y 

Doxycycli
ne 

4mg/kg/da
y 

11 days 
 

Measured 
against a 
shade 
guide 

 
**   *** 

Wallman
, 1962 

Cohort 
Study 

67 Premature 
babies 

Cross 
Secti
onal 
Stud
y 

Oxytetrac
ycline 
Tetracycli
ne 

38/mg/kg/d
ay 

5 days 
 

Not 
mentione
d 

 
***   ** 



Weyman
, 1966 

Cohort 
Study 

41 
 

Case-
Contr
ol 

Tetracycli
ne 

Unknown Unknown DM
F 
Inde
x 

  
**   *** 

Whatlin
g, 2008 

Cohort 
Study 

109 8.7 years 
(6-13 
years) 

Cross
-
Secti
onal 
Stud
y 

Mixed, 
Penicillin, 
Amoxicilli
n, 
Erythromy
cin, 
Trimethop
rim 

10mg/kg/d
ay 

Unknown  
 

Not 
specified 

****   *** 

Wuollet, 
2016 

Cohort 
Study 

287 7-12 years Retro
spect
ive 
Coho
rt 

Penicillin 
Amoxicilli
n 
Cephalosp
orin 
Sulphona
mide-
Trimethop
rim 
Macrolide 

Unknown Unknown 
  

EAPD MIH 
Judgement 

**** ** ** 

Zegarelli
, 1966 

Cohort 
Study 

28 6 to 8 
years 

Retro
spect
ive 
Coho
rt 

Oxytetrac
ycline 

10mg/kg/d
ay 

5 days 
 

Mean 
intensity, 
visual 
examinati
on 

 
***   * 

Footnotes for Table 1: 
a. DMFT = Mean number of Decayed, Missing or Filled Teeth 
b. ECC = Early Childhood Caries 
c. The antibiotic dose for each patient was not given and no length of administration so unable to convert dosage to mg/kg/day 



 
Table 2. Exposure to Tetracycline antibiotics in early childhood and reported effects on later dental health  
 
Article Antibiotic Outcome 

Measure 
Dosage (mean) Duration 

(mean) 
Results OR 
(95% CI)a 

RoB 

Brearley, 1973 Tetracycline Tooth 
Staining 

Unknown Unknown 19/100 with 
staining 

Serious 

Conchie, 1970 Tetracycline Tooth 
Staining 

26.7mg/kg/day 11 days 11.62 (5.96, 
24.32) 

Moderate 

Frankel, 1964 Tetracycline Tooth 
Staining 

20mg/kg/day 
 

0.49 (0.02, 0.27) Critical 

Grossman, 
1971 

Tetracycline, 
Demethylchlortetracycline 

Tooth 
Staining 

20mg/kg/day 6 days Mean of affected 
group: 2.57 (-1 
to 8) 
Mean of 
unaffected 
group: 0.86 (-1 
to 6.5) 
 
*Mean refers to 
average colour 
of teeth 

Moderate 

Hamp, 1967 Tetracycline Tooth 
Staining 

20mg/kg/day 7 days 20.25 (1.55, 
983.05) 

Critical 

Lahdesmaki, 
2016 

Doxycycline Tooth 
Staining 

6.25mg/kg/day 12 days 0.03 (0.01, 0.76) Serious 

Lochary, 1998 Doxycycline Tooth 
Staining 

Range from 25mg/kg 
to 100mg/kg 

Range from 
1 to 10 days 

p=0.38 Moderate 

Martin, 1969 Tetracycline Tooth 
Staining 

  
145.18 (58.79, 
358.54) 

Serious 

Poyhonen, Doxycycline Tooth 6.25 mg/kg/day 12.5days 0.03 (0.01, 0.78) Moderate 



2017 Staining 
Swallow, 1967 Tetracycline Tooth 

Staining 
20mg/kg/day 

 
5.77 (0.73, 
260.60) 

Serious 

Todd, 2007 Doxycycline Tooth 
Staining 

2.3mg/kg/day 7.3 days No patients with 
staining 

Low 

Volovitz, 2007 Doxycycline Tooth 
Staining 

4mg/kg/day 11 days 0.99 (0.01, 
78.46) 

Moderate 

Wallman, 1962 Tetracycline Tooth 
Staining 

38/mg/kg/day 5 days 231.00 (19.34, 
2759.99) 

Critical 

Zegarelli, 1966 Oxytetracycline Tooth 
Staining 

10mg/kg/day 5 days 2.11 (0.02, 
174.27) 

Serious 

Forti, 1969 Tetracycline Tooth 
Staining 

1st dose: 2mg/kg/day 
2nd day: 1mg/kg/day 

6 to 17 days No patients with 
staining 

Critical 

Primosch, 1980 Tetracycline Tooth 
Staining 

Unknown Unknown 21/86 
discolouration 

Moderate 

Cascio, 2004 Minocycline DDE 5mg/kg/day 21 days 0.90 (0.38, 2.11) Serious 
Grossman, 
1971 

Tetracycline, 
Demethylchlortetracycline 

Hypoplasia 20mg/kg/day N/A No patients with 
hypoplasia 

Moderate 

Hamp, 1967 Tetracycline Hypoplasia 20mg/kg/day N/A 5.83 (0.42, 
314.48) 

Critical 

Todd, 2007 Doxycycline Hypoplasia 2.3mg/kg/day N/A 0.92 (0.2, 4.2)  Low 
Primosch, 1980 Tetracycline Enamel 

Defects 
Unknown Unknown 21/86 enamel 

defects 
Moderate 
 

Brearley, 1973 Tetracycline DMFT Unknown Unknown p<0.01b Serious 
Swallow, 1967 Tetracycline DMFT 20mg/kg/day Unknown 1.42 (0.34, 7.06) Serious 
Weyman, 1966 Tetracycline DMFT 38/mg/kg/day Unknown 29/41 had caries Critical 
Primosch, 1980 Tetracycline DMFT Unknown Unknown Mean carious 

surfaces of 
exposed group 

Moderate 



7.5 ± 1.0  
Mean of 
unexposed group 
13.5 ± 1.3 

Footnotes: 
a. Where possible odds ratios of the likelihood of having the outcome measure were calculated and presented with 95% confidence interval. In 

some cases the mean value of the exposed group compared to the control groups is given with respect to that outcome measure. If no 
comparison group was present, the number of the exposed group with the outcome is given as a nominal value over the entire exposed 
population 

b. Only a p value was reported 
 
Table 3. Exposure to Amoxicillin in early childhood and reported effects on dental health 
 
Article Antibiotic Outcome 

Measures 
Dosage (mean) Duration (mean) Results (OR, 95% CI)a RoB 

Ahmadi, 2012 Amoxicillin DMFT Unknown Unknown Mean of affected 
group: 1.46 (SD: 0.99) 
Mean of unaffected 
group: 0.76 (SD: 1.33) 

Moderate 

Alaki, 2009 Penicillin ECC Unknown Unknown Ab at 13-18 months:; 
p<0.0001b 
Ab at 19-24 months: 
p=0.51b 

Moderate 

Handelman, 1966 Penicillin DMFT Range from 5mg/kg/day to 29mg/kg/day 2.5 years p=0.004b Moderate 



Littleton, 1964 Penicillin DMFT 200 000 units of penicillin daily Unknown Mean of affected 
group: 3.55 (+/- 0.58) 
Mean of unaffected 
group: 4.84 (+/- 0.32) 

Moderate 

Ahmadi, 2012 Amoxicillin DDE Unknown Unknown 7.87 (2.43, 25.12)  Moderate 
Giuca, 2018 Penicillin DDE Unknown Unknown 0.07 (0.02, 0.27) Moderate 
Laisi, 2009 Penicillin DDE Unknown Unknown 4.14 (1.05, 16.4) Moderate 
Tariq, 2014 Penicillin DDE Unknown Unknown 0.44 (0.25, 0.77) Low 

 
Footnotes: 

a. Where possible odds ratios of the likelihood of having the outcome measure were calculated and presented with 95% confidence interval. In 
some cases the mean value of the exposed group compared to the control groups is given with respect to that outcome measure. If no 
comparison group was present, the number of the exposed group with the outcome is given as a nominal value over the entire exposed 
population 

b. Only a p value was reported 
 
 
Table 4. Results for Unspecified Class of Antibiotics 

Article Dosage Days Outcome Measures Resultsa RoB 
Allazzam, 2014 Unknown Unknown EAPD for Judgement MIH 4.822 (1.196, 16.588) Low 
Arrow, 2009 Unknown Unknown DDE 0.761 (0.462, 1.271) Low 
Hysi, 2016 Unknown Unknown MIH 1.41 (1.06, 1.87) Low 
Jalevik, 2001 Unknown Unknown Modified DDE 0.835 (0.640, 1.867) Low 
Whatling, 2008 10mg/kg/day N/A DDE 0.61 (0.17-2.22) Low 
Wuollet, 2016 Unknown Unknown MIH 1.72 (0.83 to 3.58) Low 
Souza, 2012 Unknown Unknown MIH 0.93 (0.63, 1.37) Moderate 



Kinirons, 1992 Unknown Unknown DMFT Mean difference: 1.3 (+/- 1.74) 
Study group: 3.5 (+/- 2.46) 
Intervention Group: 4.8 (+/- 3.39) 

Serious 

Mariri, 2003 Unknown Unknown Caries p=0.057b Low 
Footnotes: 

a. Where possible odds ratios of the likelihood of having the outcome measure were calculated and presented with 95% confidence interval. In 
some cases the mean value of the exposed group compared to the control groups is given with respect to that outcome measure. If no 
comparison group was present, the number of the exposed group with the outcome is given as a nominal value over the entire exposed 
population 

b. Only a p value was reported 

 


